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Operations Model 6D5-8SP Planarizer

ABOUT THE MODEL 6DS-SP
PLANARIZER

The Model 6DS-SP Planarizer is designed specifically for chemical and
mechanical ﬂg[hnanmm polishing of semiconductor wafers to produce
uniformly flat surfaces. To achieve this goal Strasbaugh engineers have
incorporated a number of enhancements over previous polishers built by
Strasbaugh and by its competitors. Design emphasis has focused on
maximizing potential polishing results while incorporating versatility,
reliability, and simplicity of operation.

The 6DS-5P is built of special materials with optimum flatness and
stable thermal characteristics. In addition to superior mechanical design,
the Planarizer utilizes efficient, reliable computer and coprocessor
systems for machine and process control functions. The combined
benefits of state-of-the-art mechanical tolerances and machine controls
provide the superior process yield potential inherent in the Model
6DS-SP Planarizer.

A BASIC MACHINE WITH OPTIONAL FEATURES

1-8

The 6DS-SP is a basic machine with optional features available to permit
the production of a specialized planarizer best adapted to meet the needs
of the individual customer. The 6D5-5P Operations and Maintenance
manuals address the basic machine and the optional features available at
time of publication,
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R, Howard Strasbaugh, Inc. Introduction

MECHANICAL COMPONENTS

The machine consists of three major mechanical componénts, all
enclosed within the machine's cabinet and a protective user enclosure to
provide a sturdy, safe and clean polishing process:

The polishing section of the maching is comprised of the polish
table and associated mechanical support hardware.

The cassette wafer handling assembly is designed to provide a
safe and conveniént method for robotic loading and unloading
of wafers. Mechanical, electrical, and software interlocks
provide for user safety during all machine operations.

The bridge assembly, a rigid structure containing the spindle
drive assemblies and their support hardware, travels on ball
bearing slides 1o supply smooth, accurate honizontal motion of
the spindle drive assemblies. The bridge raverses from the
(primary) polish table to the load stations or the optional second
table 1o facilitate transfer of wafers in process through the
machine. In addition, the bridge provides the oscillatory
motion of the spindle drives during wafer polishing upon the
polish table, Together the rigid bridge structure and smooth
oscillatory motion of the spindle drives produce wafer surface
uniformity and maximize polish table pad life.



Operagons Model 605-5P Plamarizer

ELECTRICAL DISTRIBUTION AND CONTROL

The Maodel 6DS-SP Planarizer’s slectrical distribution and control
SVSiems are designed to provide all necessary control functions for
polish process optimization while maintaining the reliability and ease of
use necessary for the production envirenment.

The foeus of the control system is the control computer, an IBM
Indusirial PC-AT persomal computer, supplying maximum reliability
and functionality in an industry standard package. A high resolation
color momitor and keyboard interface the planarizer with the user
through menu-oriented comrmands displayed on the monitor. The fixed
or mobile remote term inal aplion providzs a second monitor mearnted
over the elevators or on 2 mobile cart. The planarizer design takes
advantage of such benefits inherent in the application of a personal
compitier for process control as widespread herdware availability and
suppoet, ynderstanding of PC operaton among vsers and enginears,
and vary ¢ost effective performance due to large scale production of
PC's for fzctory applications,

The 6L5-SP uses 2 standard "off the shelf” computer package rather
than a customized card cage 10 mainain simplicity, reliability, and
economy. In addition to the cohrol computer and nterface hardwate,
the control system inclndes an indostry standard inputoutput T0O)
syswein. A second compoter board resides in the control computer for
dedicated control of six or more of the planarizer's serve moter 2xes,
with a third compuier board controlling the other eight servo moior
axes. Together the [/O, servo controllers, and control com puter
maintain communication for complete eontrol of all machine functions,






R. Howard Strasbaugh, Inc. Introduction

SAFETY

The 6DS-SP Planarizer has been designed for safe
operation, However, caution should be exercised while
operating this machine. Failure to adhere to the following
safety instructions and to good safety practices may result
in injury to personnel or damage to the machine.

It is the responsibility of the user to be sure that the
machine is in safe operating condition at all times. The
user is also responsible for insuring that the operator
follows all proper and safe operating procedures. The
following is a list of safety instructions:

GENERAL OPERATION

. Operating the machine with loose wafers inside is harmful to the
machine and wafers - Follow the procedures in the
Troubleshooting chapter of this manual for removing
loose or broken walers.

. DO NOT at any time put hands or objects beyond the Operator
Doors while the polish table is in motion.

. Keep all puards and covers in place and in good repair.

. DO NOT bypass safety interlocks.

. Keep all control and electrical cabinet doors closed and latched.
. Disconnect power when servicing or repairing the machine.

. DO NOT operate the machine without proper electrical

grounding,

. DO NOT wear loose clothing which could be caught by
machine parts in motion.

. Wear SAFETY GLASSES whenever working near moving
machinery.

Version 3.0 - July, 1995 1-11
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Model 6DS-SP Planarizer

New Features Information

Locator

The Version 4.00 software introduces a number of new features not
available in previous software versions. The table below lists each
faature, the menu(s) at which it is found, and where in the 6DS-5P
i{)pemﬂmu and Maintenance manuals to find detailed information on the
edre.

EXPANDED PASSWORD | Password Menu Operations:
PROTECTION +Ch. 4-Machine Setup
OPTIONAL OPERATOR Calibration/Configuration Maintenance:
ACCESS TO POLISH Menu «Ch. 10-Software Calibration
TIME AND sAppendix A-Calibration
BACKPRESSURE POLISH Variables
PARAMETERS
PRESETTABLE WAFER Auwto Polish Menu Operations;
POLISH COUNT Auto Polish Parameters +Ch. 3-Operator Functions
Men +Ch. 4-Machine Setup
ODD WAFER POLISHING | Machine Parumeters Mena Operations:
Auto Polish Menu +Ch. 3-Operater Functions
SE i +*Ch. 4-Machine Setup |
DUAL BACKPRESSURE Auto Polish Parameters Operations:
CONTROL Meiti «(h. 4-Maching Setup
DUAL TIME AND DUAL Machine Parameters Menu Operatons:
BACKPRESSURE ENTRY | Auto Polish Menu *Ch. 3-Operator Fumctions
CHOICES Auto Polish Parunciers *(Ch. 4-Machine Selap
Meny
ERROR LOG Error Log Menu Operations:
=Ch. S-Troubleshooting
Mainfenance:
=2k, 13-Troubleshooting
IN-SITU CONDITIONING Conditioning/Clcaning Operations:
DUTY CYCLE Parameters Menu =(h, 4Machine Setup
xiv Version 3.0 - July, 1995






R. Howard Strasbaugh, Inc.

Table OFf Contents

EASIER Calibration/Configuration Operations:
PROGRAMMABLE PAD Menu «Ch. 4-Machine Setup
CONDITIONTNG ARM Sweep Parametors Meau Madimenange:
CALIBRATION AND Manual Control Menu «’h, 9-Mechanical
SETUP Maintenance:
=Ch. 10-Software Calibration
sAppendix A-Calibration
Variables =
POLISH AND CONDITION | Machine Parameters hMenu tions:
FORCE UNITS AND Conditioning/Cleaning «Ch. 4-Machine Sewp
DIAMETER ENTRY Pararneters hem
CHANGE
MENU " HOPPING = Available At All Menus Operations:
=Ch. 3-Operator Functions
(topic: Menu Selection)
“ON THE FLY CHANGES" | At Polish Menn Operations:
Process Parameters Menus *Ch. 3-Operator Functions
+Ch. 4-Maching Setup
ADDED AUTO CYCLE Auto Polish Menu Operations:
FEATURES +Ch. 3-Operator Functions
EXPANDED MANUAL Manual Control Menu Maintenance:
CONTROL MENU *Ch. 9-Mechanical
h, 10-Software Calibration
EASIER SERVD Manual Control Menu Maintenance;
CALIBRATION Calibraton/Configuration +{h, @-Mechanical
Menu «Ch. 10-Software Calibration
Diagnostics Menn
“LEVER TYPE" Calibration/Configuration Maintenance;
CONDITIONING ARM Menu «Ch. 10-Software Calibration
SUPPORT »Appendix A-Calibration
Variables
“SINGLE" SWEEP STYLE | Conditioning/Cleaning Menu | Operations:
CHOICE «h. 4-Machine Setup
WET IDLE SLURRY Machine Parameters Menu Opérations:
FLUSH Slurry Flush Menu »("h. 3-Operator Functions

| *Ch. 4-Machine Sewp
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Model 6D3-SP Planarizer

LIGHT TOWER SUPPORT | nfa Operations:
«(h, 2-Maching Description
+(h, 3-Operator Functions
Maintenance:
*Ch, 2-Physical Description
UNIVERSAL CASSETTE | Calibration/Configuration Maintenance:
SUPPORT Mena +(Ch, 10-Software Calibration
sAppendix A-Calibration
WVariahles
PRE OR POST PAD Conditioning/Cleaning (Eumum
CONDITIONING Paramecters hMenu . 4-Machine Setup
SCRUBBER SUPPORT Machine Sctup Menu Cperations:
Calibration/Configuration +h. 4-Machine Setup
Menu Maintenance;
Manpal Control Meno +Ch, 10-Sofiware Calibration
«Appendix A-Calibration
Variables
SLURRY ALARM ACTION | Alann Parameters Menu tions:
MNOTICE CalibrationfConfiguration +h, 4-Machine Setup
Menu Maintenance:
«Ch, 10-Software Calibration
sAppendix A-Calibration
Variables
POST POLISH SLURRY Machine Parameters Mena Operations:
FLUSH +Ch. 4-Machine Sewp

xvi
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R. Howard Strasbaugh, Inc. Installation

VACUUM SEPARATOR

219771A1 Vacuum Systemn Assembly
« 219771P1 Vacuum System Diagram
EXHAUST

The machine exhaust duct (4) connection is to a vacuum Source
rated at approximately 250 SCFM. A six-inch duct or hose is
required to connect to the exhaust duct.

TEMPERATURE-CONTROLLED WATER

The coolant in (11) and coolant out (6) permit the cycling of
temperature-controlled water through the polish table for a
temperature-controlled polishing process. Both connections require
mating to the machine's 3/4-inch PVC threaded pipe joints. The
pressure regulator adjusts the pressure of the liquid flowing through
the loop. The coolant in (11) and coolant out (6) must be
connected to the temperature control unit.

A bypass valve, coolant bypass (11A), mounted at the rear of
the machine, provides overpressure protection for the polish table.
If coolant back pressure rises above 10 P8I, the coolant bypass
va.lt;:c ulﬁgs and dumps to the table drain (8) to prevent damage
o the @&

TEMPERATURE CONTROL UNIT

+  Manufacturer's ieslab HX-150 Temperature Control Uinit
Data

For connection of utilities to the temperature control unit, refer to the
Neslab documentation in the Manufacturers’ Data section of the
Appendices of the 605-5P Maintenance manual.

Version 3.0 - July, 1995 2-15






S661 ‘Anf - ¢°€ uoisiap

§£-€

R.Howard Strasbaugh Inc.
Madel 6DS-SP
General Facility and Electrical Service Data

Component Width | Depth | Height | Weight Electrical Circuit Breaker
(I} fln} [ iThs) (Vli'Ph/Freq) (Amps)
Planarizer 100 72 80 BS00 208/3/60 60
Vacuum Svstemn 30 21 60 150 optianal optional
Temp. Control Unit 26 21 | 40 350 208/1/60 30
Sturry Tanka) 23 Dia. | 2 775 none none
Facility Services Data
Compcenent Service Service Connector ‘| Peak Average Pressure Remarks
Size Flow Flow
Planarizer D.1. Water Supply 12" 3/8* FNPT 6 GPM 3 GPM 3045 Sl
D.I. Water Retumn 1/2* 318" FNPT » . * * Unrestricted refurm
CDA 1127 3/8° FNPT 10 SCFM 3 SCFM 100 PS
Vacuum 3/8% 3/8° comp 1 SCFM .5 SCFM 20" Hg min.
Exhaust [ 6" exhaust 250 SCFM 250 SCFM 1/2 water cal.
Industrial Waste 1-172 1-172" FNPT. 5 GPM 1-1.5 GPM none Table Drain
Industrial Waste 1-1/27 1-172" FNPT 5 GPM 2GPM none Loader Drain
Coolant Inlet /4" 3/4" ENFT 6 GPM 34 GFM 10 PSI Connect to Temp. Contral Unit
Coolant Qutlet 3/4" 3/4" FNPT 6 GPM 3-4 GFM < 5 Psl Connect to Temp, Control Unit
Vacuum Vacunm Supply /8" 3/8* FNPT see above see above see above Connect to Planarizer
System Industrial Waste 12 112° tube 1 GPM 0.5 GPM none Connect to Plananizer
(optional) Cha 174" 1/4" tuba 1 SCFM 0.1 SCFM 30 PSI
Temperature Coolant Qutlet 34" 314" NPT see above see above see above " Connect to Planarizer
Control . Coolant Return 314" 3/4" NPT see above see above see above Connect to Plaparizer
Unit Industnial Water 378" 3/8" barb 5 GPM 1 GPM 30 PSI Max. For zefill only
{opticnal} Chilled Water Suppiy 12" 1/2* NPT 4 GPM 1 GPM 10 PSI For water-cooled compressor
Chilled Water Drain 1727 1/2* NPT 4 GPM 1 GPM O PSI
Resarvoir Drain 1727 1/2" NPT 1 GFM 0 GFM 0 P51
Slurry Tank Slurry Bypass(2) 1/4* 1/4* tube Connections supplied by RHS
{2 tanks) Slurry Supply(2) 12" 142" wbe C ions supplied by RHS
Slurry Return(2) 3fa" JE" tube Ci ions supplied by RHS

Rev.(6-2-54) Specifications subject lo chanpe without natice.

133HS viva

JJIAHIS TVIIHLO3T3 ANY S3LLTIOVL TVHINIYD

‘OU] YINDGSDAIS PADMOE N
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Model 6D5-5P Planarizer

FACILITIES CONNECTIONS

The section below describes the utility sources required for 6DS-SP
operation and procedures for making utility and slurry connections to

the machine.

CONFIRMING THAT UTILITY SOURCES MEET

REQUIREMENTS

IMPORTANT: The necessary utilities must meet the required
specifications (shown below) in order for the
Model 6DS-5SP Planarizer to operate correctly.

The following list identifies the minimum facilities requirements for the

machine:
. Electrical:

* Clean Dry Adr:

. Vacuurm

# DI Water:

. Acid Drain:

- Industrial Waste Drain:
- Exhaunst

208 VAC, THREE-PHASE
60 He, 60 FLA

100 PSI, 10 SCEM
25in. Hg

35 PSI minimum
40 PSI maximum

(Note that teflon D.1. water
plumbing is now standard on all
machines.}

1-1/2-in. pipe

1-1/2-in. pipe

6-in. duct, 250 SCEM
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R. Howard Strasbaugh, Inc. Mechanical Description

MECHANICAL DESCRIPTION

OVERVIEW

This chapter provides a detailed narration of the sequence of maching

events comprising the auto polish cycle followed by descriptions of the

Ignech;mml assembilies and componenis participating in the cycle
uncLions.

AUTO POLISH CYCLE OPERATION -
THE SEQUENCE OF EVENTS

Assumpligns - the events ssquence (A. through F., below) was written
with the assurnption that the machine has been

¢ correctly installed and maintained, per procedures found in the
6DS-SP Maintenance manual,

¢ comectly setup, per procedures in the Machine Setup chapter of
the 6D35-5P Operations manual for setup of auto polish cvele
parameters, machine setup parameters, pad and cartier
conditioning parameters, alarm parameters, slomy flush
parameters, and program data storage.

¢  powered up, homed, and prepared for an auto cycle, per
procedurss found in the Operator Functions chapter of the
6DS-5P Operations manval.

A. CASSETTE LOADING

The operator

places a filled cassette on a send elevator.

lowers the elevator cassatte sensor anm.

places an empty cassetts on a receive elevator.

lowvers the elevator cassetie sensofr am.

closes the elevator door.

presses the <CYCLE START:> pushbutton on the control panel.

RN R L L
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Mainternance Model 6D85-SP Planarizer

B. WAFER LOADING SEQUENCE

ih E =9 Lk fnd =

=

11.
14.
13.

14,
15.

16.
17.
18.
19.
200
21.

22,
23,

The send elevator moves o Slot 1.

The robot arm extends into the cassaite.

The robot vacuum is mrmed on and the robot Z travels from its top
poasition to its bottom position.

The wafer sensor is checked to verify the presence of a wafer in the
corment slot.

If no wafer is found, the vacuum is tumed off, the robot Z moves
0 its zlp position, the robot am is retracted, the send elevator is
indexed to the next slot, and the process is repeated from siep 2.
When the wafer is sensed, the robot £ moves from its bottom to its
middle position.

The robot arm retracts out of the cassette with the wafer,

The robot travel moves from the send cassetie position to the
left/right load position.

The robot Z moves o its Z position above the load station.

. The robot arm moves oot over the load chuck.

The load chuck travels to its up position.
Vacoum at the load chuck is tumed on to sense the wafer.
The robot £ moves from its position above the load station (o its Z
lefuright load position.
Vacuum to the rohot vacunm chuck is tumed off,
The robot Z travels from its lefuright load station position to its Z
above load station position.
The robot arm retracts back to the arms home position over the
robot carriage,
Vacuum at the load chuck is tumed off and the load chuck moves
down and seats the wafer,
When one or both wafers is seated in the load chuck(s), the
spindles travel dow,

load chuck and carrier vacuums are tumed on, and the load
chuck lifts the wafer to the spindle.
The load chuck releases vacuum,
The load chuck goes down.
The spindle goes up.
The bridge moves to polish posiion over table 1 if time has been
cntered at the Parameters Menu for the left or right spindle in steps
1 through 10 On two table machines, the shuitle is retracted prior
to the bridgee move to table 1.

Version 3.0 - July, 1995



R. Howard Sirasbaugh, Inc. Mechanical Description

POLISH CYCLE SEQUENCE

Bl SR B

10,

The spindles move down 1o the table,
The polishing sequence begins.
Step 1 timing begins with spindles rotating at the programmed

spead.

Spindle down foree and back pressene on the wafer start to ramp
up.

The cycla timeas out,

Down force is reduced to near zero.

Back pressure vacuum 1o the wafer is tomed o,

When back pressure vacuum reaches the required level, the
spindles lift off the wble.

If the second table option is not installed, the wafer unlcading
sequence beging (refer to Section I, below]).

If the szcond table option is msa.a!hd
a. Tilcb mﬁwsm ition over the second table if
at the Parameters Menu for the left
or nght spmﬂe: insteps 11 thruugh 20.
. The polishing sequence begins.
Smpé 1 timing begins with spindles rotating at the programmed
gﬁdledﬂwnfomandhack pressure on the wafer start to
ramp up.
The cycle tmes out.
Down force is reduced to near 2ero.
Back pressure vacuum to the wafer is mumed on.
When back pressure vacuum reaches the required level, the
spindles lift off the table,

o

i h
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Maintenance Maodel 6D05-3F Planarizer

4-6

WAFER UNLOADING SEQUENCE

19,

20
2l.
22,
23.
24,
25.
26,

A test is done 0 make sure wafen(s) are on spindle(s).
The bridge moves to its load position.

If wafer cleaning is enabled:

The shuttle moves back.

The spindles move down intd the cleaning stations.

The spindles rotate according to the wafer cleaning parameters
set.

When wafer cleaning is finished, the spindles rise.

The shuttle moves forward,

The spindles move down w the load stations.

spa oo

or

If wafer cleaning is not enabled, the wafer cleaning sub-sequence is
skipped.

The spindles move down to the load stations.

Vacuum is tirned off, and blow off is turned on to the wafer.
The wafer falls into the load ring.

Blow off 15 tamed off.

The spindles rise.

I time has been entered for wafer rinsing, wafers are nnsed.

. The robot travel moves to its left/right lead position.

The robot £ moves to its above load position.
The robot arm extends out over the load station.

. The load chuck s on vacuum and moves ap.

The robot £ moves down to its left/right load position.

The robot vacuum wms on.

The lead chuck tums vacuum off, releasing the wafer.
Thagmbm Z moves to its above lpad position while holding the
wafer.

The robot arm retracts back o its home position over the robot
carriage.

The receive elavator moves 10 the next emnpty slot,

The robot travel moves to its receive elevator position.

The robot Z moves o its middle positon at the receive elevator.
The arm extends into the cassette,

The robot tems off vacuum, releasing the wafer,

The robot Z moves from its middle position to its top position.
The arm retracts back to its home position over the robot carriage.
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R. Howard Sirashaugh, Inc. Mechanical Description

Notes: For both one and two table machines: If spindle
flush is enabled, when wafers are removed from the load
chucks by the robot, a spindle flush starts.

For two table machines only: The carriers are cleaned
by rotating while being sprayed with Do I, water,

27, I camer cleaning is enabbed:

The shuttle moves backward to its rear position.

The spindles move down into the cleaning stations.

The spindles begin rotating as the camier cléaning cycle
begins,

When the cleaning cycle is finished, the spindles move up.
The shuttle moves forward.

The machine begins the next auto cycle,

o

-

- o

28. If carrier cleaning is not enabled, the carrier cleaning sub-sequence
18 skipped.

29. The machire begins the next auto cycle.

E. CASSETTE REMOVAL
The operator

1. opens the elevator doors.

2. raises the elevator cassette Sensor am.

3. closes the elevator doors and waits for the elevators to rise to slot
26.

4, removes the cassette of processed wafers from the receive elevator,

F. CYCLE HALT

» The operator presses the <CYCLE HALT> pushbuiton on the
control panel.

For further details on cycle termination and cholces available at the Auto

Polish Cycle menu when no cycle is running, refer to the Operator
Functions chapter of the 6DS-SP Operations marual.

Version 3.0 - July, 1995 4-7



Maintenance Model 6DS-SP Planarizer

BRIDGE DRIVE ASSEMBLY

The bridge assembly encloses and supports the left and right spindle
asserablies and their associated hardware. The bridge assembly moves
the wafer carriers between the load stations and the polish table; during
{Im};c_lpollshmg cycle it oscillates the wafer carriers and wafers over the

ace of the polish table. The bridge also oscillates over the second
polish table when the second table option is installed.

The bridge assembly iz supported by two rails mounted on a solid
framework. Four linear bearing blocks, attached to the underside of the
bridge assembly, ride along the top of the rails. The drive assembly is a
recirculating ball and lead screw supporied by the machine's framework
at each end, Two pulleys and a toothed drive belt connect the lead screw
to a brushless D}C serve motor. This arrangement converts motor drive
force into linear motion, moving the bridge assembly left or right
betwesn the load stations and the polish table. The motor, moanted to
the machine's framework in the right side rear of the machine, is
acoessible through the lower right side service door. Limit switches at
each end of the rails ensure the bridge assembly does not “mn away™,
crashing nto the side walls of the machine. Encoder feedback constantly
reports back to the control computer the exact position and velocity of
the bridge assembly,

If the curtain rinse option is installed, after polishing the bridge
pauses between the polish table and the load stations to permit an extra
rinsing of the carriers. Curtain rinse type is chosen at page 2 of the
Machine Parameters Meno. Curtain rinse is enabled/disabled at page 3
of the Machine Parameters Menu. Curtain rinse time is selected at page
3 of the Machine Parameters Menu, Table rinse with curtain rinse 15
also enabled/disabled at page 3 of the Machine Parameters Menu.
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R. Howard Srrasbaugh, Inc. Mechanical Description

ELEVATOR ASSEMBLY

The elevator asserably, located at the left of the machine, consists of two
functional units, send and receive. The left and right send elevators,
located at the rear of the machine, raise and lower cassettes loadad with
unprocessed wafers. The left and right receive elevators, located near
the middle of the machine, rmise and lower cassenes loaded with
processed wafers.

The elevator back support howses a polymer nut and two pillow block
bearings. The bearings travel on a rail supported by the framework of
the elevator slide assembly. The polymer nut is stationary, and a lead
soréw 1% rotated inside the nut. The léad serew is supported at both ends
by bearings mounted on the slide assembly. The lead screw is belt-
driven by a brushless DC motor with a tooth belt and two pulleys.

The motor has uses encoder feedback to moniter speed and position.
The elevator home switch, located two to three inches from the end of
travel, is used to tell the control computer when the elevator has reached
the botiom limit of travel. This information is used to “home" the
elevator. Note that the elevators are watér-resistant.

Each of the four cassette sensor arms has a mechanical microswitch
located in the end of the arm. Lowering an arm onto a cassetie trips the
microswitch, informing the control computer that a cassette has been
placed on the elevator,

The elevators sit in tanks supplied with water from an air operated valve
controlled by a solenoid valve mounted on the valve panel located at the
lower left side of the machine.

The elevator light sensor option detects any wafer not correctly
(and safely) positioned in its cassette slot. The incorrectly positioned
wafer will break an invisible infraved light beam. When the beam is
broken, indicating the wafer is not positened close enough w the rear of
the slot, downward movements of the elevator, which could break the
wafer, are not permined. After a five-second delay, an alarm will

sound, and 2 message will be displayed on the monitor screen. The
five-second alarm delay prevents false alarms from normal light beam
interruptions such as the robot inserting & wafer. The light sensor
detection is active only if the elevator arm is lowered onto a cassette.
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Muimtenance Model 6D5-5P Planarizer

When the elevator access door is closed, the elevator automatic fill
and drain valve feature automatically keeps the elevator tanks filled
with water whenever casseties are present on the elevators. If an
elevator arm is lifted, its tank will begin draining. The drain valve will
remain open as long as the arm is lifted. If the elevator had been filling,
the fill valve will now close.

Any raising or lowering of cassetie arms for the purpose of conirelling
fillf/dump valves is ignored when the elevator access door is open. Only
when the door is closed will the arm switches be monitored to control
the valves. This feature is mainly imtended to permit removal of
polished wafers from a receive cassette without disturbing the elevator
tank fill/dump valves.

If an elevator arm is lowered and the elevator aceess door is closed, the
elevator's tank will fill for the time period entered for calibration variable
179, If more than one arm i lowered, the tanks will be filled one at a
time. The first arm lowered always determaines the first tank to fill. If
additional arms are then lowered, the following filling priority is used:

1. Active receive cassetie’s tank (it will be the first to receive
wafers),

2. Active send cassette's tank (if in "dunk send” mode).

3. Inactive send cassette's tank (if in "dunk send” mode).

4, Inactive receive cassette’s tank (it will be the Tast w receive

wafars),

If the "dunk send” (calibration variable 1800 mode is not enabled, the
send cassetie tanks will never be filled. If the machine is not equipped
with automatic fill and drain valves, the fill time entered for calibration
variable 179 will have no effect
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R. Howard Strasbaugh, Inc. Mechanical Description

ROBOT ASSEMBLY

Supported by a slide assembly, the robot travels between the lefi
almfam:s and the ;ight load station, ﬂ;ﬁe ing a't“c;ch elevator and load
station (a range of approximately 1}, slide assembly is
mm;a:isedufgt‘:vuhardcnndﬂeclmilsand a lead screw supported at hoth
ends. On the right end of the lead screw, a brushless DC motor is
connected by direct drive through a flexible coupling to the lead screw,
Four linear pillow block bearings mounted underneath the robot base
slide on the hardened steel rails. The lead screw is rotated within a
stationary polymer nut located underneath the robot base, causing linear
movement of the robot. Encoder feedback monitors position and speed.

The robot’s Z-axis provides up and down linear travel. Located inside
the rectangular housing, the Z-axis has a backplate mounted with three
linear bearings mounted on a spine shaft at the center of the housing, A
stationary lead screw (located inside a nut mounted in two bearings on
the framework of the robot) is rotated by a brushiess DC motor driving
a tooth belt and two putleys, causing upward and downward movement
of the robot. Encoder feedback monitors position and speed. The Z-
axis has a single inductive sansor located at the middle range of travel
and functioning as a “home™ swilch.

The robot rotational (theta) axis is belt driven by a brushless DC motor
{mounted inside the robot assembly), two pulleys, and a woth bell. An
inductive sensor located inside the housing “homes™ the theta axis.
Encoder feedback monitors position and speed.

The robot radial axis (also belt driven by a brushless DC motor, two
pulleys, and a tooth belt) is mounted on a spindle located in the end of
the theta axis housing. The spindle is driven by rwo pulleys and a helt.
The belt and pulleys are driven by a shaft (driven by wo more pulleys,
a belt, and a motor) extending down inside the robot assembly. An
inductive sensor located on the underneath side of the housing “homes™
the radial axis. Encoder feedback monitors position and speed.

The robot’s radial and theta axes permit it to reach into wafer cassettes
and out over the load stations, positioning an end effector located on the
theta axis over a wafer. The end effector is a vacuum chuck fited into
the end of the theta axis. The vacuwem chuck picks up and deposits
wafers to and from elevators and load stations. The end effecior is
equipped with a vacuam switch, located inside the housing, to sense
when the robot has taken vacuum on a wafer.
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LEFT/RIGHT LOAD/UNLOAD
STATIONS

Each load station is equipped with a load chuck mounted on an air
cylinder (which raises and lowers the chuck), The load chuck takes
vacuum on 2 wafer throngh vacoum poris. The load chuck lowers the
wafer into llmmnmﬁngﬂngwiﬁch has beveled sides to aid in centéring
the wafer in the fng. A vacoum sensor, mounted on a bracket located
on the cabinet wall adj t to the load station, notifies the control
computer when a wafer is placed in the ring. A rinse nozzle mounted on
each ring wets the wafers before and after polishing. Load chuck
rinsing during polish cycles is selectable at page 3 of the Machine
Parameters Menu with choices available for rinsing at intervals, rnsing
steadily, or no rinsing. Both the left and right load chucks will be
rinsed even if only one spindle is in wse. Load chuck rinsing does not
occur in Ycondition™ mode.

The fountain rinse option provides rinsing of the front side of the
wafer as a part of the post polish wafer handling sequence, For
machines equipped with fountain rinsing, the function is enabled at page
3 of the Machine Parameters Menu,

LEFT/RIGHT CARRIER/WAFER
CLEANING STATIONS

The carrierfwaler ¢leaning stations rinse and scrub carters and wafers.
‘The stations can rinse both carriers and wafers at all imes, but they can
scrub only the item (carrier or wafer) for which the appropriate brush is
installed. Each cleaning station is equipped with a cleaning device
powered by a brushless DC servo motor. The cleaning device is
mainted on an air cylinder which raises and lowers the it during
cleaning. A rinse nozzle mounted inside the stan-:m sprays D. L waler
on the carrier/wafer. Polymer rollers mouenied in each cleaning station
permmit the camiersiwalers to rotate durng cleaning.
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SHUTTLE ASSEMBLY

The shuttle assembly is comprised of the base plate and top plaie
sections. Two hardened sieel rails, two shock absorber hard siops, and
an air cylinder which actuates linear movement of the shuttle assembly
ar inounted on the base plate. The air cylinder has a magnetic reed
switch on each end to notify the control computer whether the shurtle is
in forward or back position. The top plate is equipped with four
bearing blocks which roll along the hardened steel rails mounted in the
base plate. The cleaning and load stations are mounted on the top
surface of the top plate.

On machines equipped with a second polish table, the shuttle assembly
uses locks operated by an air cylinder with reed switches 10 lock the
table m its back (polish} position. Machines with a second table
installed have three plates with two sets of hardened steel rails and
bearings and one air cylinder.

POLISH TABLE DRIVE ASSEMBLY

The polish table drive assembly consists of 2 brushless DIC servo motor,
worm gear reduction gearbox, shaft, and granite table. The brushless
DC servo motor is speed controlled by a servo controller, discussed in
detail in the Control System Description chapter of the 6DS-SP
Maintenance manual. The motor is bolted directly (o the worm gear
reduction gearbox. The gearbox is mounted to & box beam of the
nﬁi?fs framework along the backside and to an angled support beam
at the front.

A drive shaft milled out of eight-inch stee] stock runs through the middie
of the gearbox. The drive shaft is keyed to the drive train of the
gearbox, The wp of the drive shaft has a flange head to which a subtable
of 2 1/4- inch thick stesl iz mounted.

The two-layer (granite top layer, stainless steel bottom layer) table
assembly, 28 inches in diameter and six inches thick, is mounted o the
subtable. The drive shafl is hollow to permit routing of temperamre-
controlled water in and out of the table. A rotary joint at the bottom of
the drive shaft accommodates plumbing of the inlet and ouflet water
lines.
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A velocity command signal from the control compater instructs the
velocity controller to ramp the motor up to the programmed speed. The
gearbox turns the shaft, subtable, and granite table all as one umit,
accelerating o constant speed. A resolver, mounted on the motor, feeds
back the velocity and acceleration of the assembly to the control
computer. The speed of the table is measured in revolutions per minote
(RFM) and displayed in real time on the monitor. Rated table speeds
vary with the reducer ratio of the gear box installed in the machine.
Calibration variable 62 displays the table reducer ratie. Note the ratios
shown below:

7.5: 1 maxirmum 250 rpm
1 maximum E60 rpm
15:1 maximum 125 rpm

SPINDLE DRIVE ASSEMBLY

The spindle drive assembly consists of a brushless DC servo motor
mated with a gear reducer assembly, the quill shaft assembly, and the
wafer carrier mounting assembly. The motor mounting block and quill
housing are bolied together. They sepport the entire spindle drive
assembly. The mounting block serves as an attachment point for the
spindle force assembly (discussed further in the section below). The
quill housing contains the quill shaft assembly which rides on linear ball
bushings inside the linear housing. The linear housing is affixed to the
bridge assembly framework. This arrangement permits vertical
movement of Uwye spandle drive assembly. A stop adjusiment prevents
the spindle drive assembly from contacting the polish table whenever a
wafer carrier is not attached to the end of the shaft

The quill shaft assembly is the actual drive shaft which rotates the wafer
carrier on the polish table, Manufactured from two-inch steel stock with
a hollowed center, it rides inside the quill housing on linsar ball
bushings. The brushless DC servo motor and reducer assembly mount
directly to the quill shafi. A bracket support and tomque arm prevent its
rotation. At the bottom end of the quill shaft is a mounting flange
supporting the wafer carrier mounting assembly,
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The wafer carrier mounting assembly has a flar underside with an
aluminum chuck equipped with } rings. The 0 rings form two vacoum
chambers between the chuck and the carrier. An applied vacuum source
evacuales air from one chamber to firmly attach the wafer camier o the
spindle drive assembly. The end of the quill shaft is a ball joint for
alignment to the center of the wafer carvier.  Vacuum for this runs
between the back pressune feed be and the quill shaft wall, The
vacoum fills the space not taken up in the quill shaft by the back
pressure feed tube, providing the vacuwm source required to attach the
wafer carrier 1o the wafer carrier mounting assembly. The feed mbe,
which supplies back pressure to the wafer during polishing, transferring
air and vacwem (as well as water for carrier flushing), is located inside
the quill shaft, running the entire length and extending out the top above
the servo motor. A rotary joint is mountad to the top of the feed wbe.
The vacoum supply line attaches to the quill shaft.

To secure the wafer during polish liftoff and cleaning, controlling wafer
position and preventing breakage, the spindles use back pressure

technology, transferming air or vacuum as neéeded (o retain or releass the
wafer) down through the carrier to the wafer. Back pressore is used for
wafer transpont and unloading whether or not it is enabled for polishing.

During wafer ransport to and from the table, the machine will attempt to
apply the minimum back pressure of () PSIA (-14.7 PSIG) of vacuum.
This condition encourages the wafer to remain on the carrier. The actual
minimum reached, shown on the status display, will be several PSIA or
PSIG below atmosphers. During unloading, back pressure is used for
waler blow off. During idle umes, the source for back pressure is sét o
a nominal value near atmosphere, but this source is disconnected from
the carrier. Instead, the carrier is vented to atmosphere.

During polishing, selectable and controllable pressure is routed through
the spindle and carrier 10 the back side of the wafer. This pressure may be
displayed in either PSIA or PSIG (absolue pressure which is the pressune
above perfect vacuum) on the status display at the rght side of the display
screen by setting calibeation variable 65 at the Calibration/Configuration
Menu. If enabled at page 1 of the Machine Parameters Menw, back
pressure will be used during polishing. If not, the back side of the wafer
is vented to atmgsphere during polishing. Enabling or disabling back
pressure during polishing has no efféct on the other functions of back
pressure, used when not polishing.
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SPINDLE DOWN FORCE ASSEMBLY

The spindle raise force assembly function is determined by springs
located inside the raise force air cylinder. The springs move the piston
which retracts the air cylinder rod, pulling on the back end of the lever
arm. The lever then raises the spindle.

The spindle down force assembly consists of the spindle drive assembly,
a lever arm, an air cylinder, a load cell, and an electro-pneumatic
regulator. (This strocture is identical for both the left and right spindles.)

The air cylinder is the origin of the force applied to the spindle drive
assembly and wafer carmier. A seres of connecting rods and a lever arm
transmit the force of the air cylinder to the spindle drive assembly. The
load cell senses the amount of applied force on the spindle drive assembly
and water carrier and generates an analog voltage signal proportional to
the amount of force. This signal is amplified and transmived to the control
computer through an analog input channel. The control computer receives
the information and compares if to the programmed valoe of requi

spindle down force, The control computer regulates the applied force by
regulating the air flow to the air cylinder with the electro-pneumatic
regulator. The control computer generates an analog voltage signal for the
electro-prnenmatic regulator, and the regulator adjusts the air pressure in
proportion to the voltage level of the signal. Together the control
computer, load cell, and electro-pnen lator form a closed loop
controller to maintain the downward spm:li;ﬂ?u within 2% of the
programmed force value in pressure mode.
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CONDITIONING ARM DOWN FORCE
ASSEMBLY

The servo-controlled conditioning arm down force feature provides
programmable down force for the pad conditioning device.

The conditioning arm device agsembly consists of a circular rotating
device (with programmable rotational speed) which applies a downward
force upon the polish table while being driven lincardy by a linear drive
DC motor from the middle of the polish table to its circumferenee (or
vice versa) for a conditioning cycle, At the end of a cycle, the
conditioning assembly parks itself off the polish table to the right, A
magnet in the linear drve mechanism homes the arm, using encoder
feedback o determine its inner, outer, and park positions. A pneumatic
cylinder at the base of the arm assembly shaft raises the entire assembly
to move the conditioning device off the polish table or lowers it to apply
a regulated downward pressure upon the surface of the polish table.
When the arm is at the table, a second air cylinder, to with a load
cell and an electro-pneumatic regulator, raises and lowers the device
iself, producing and controlling conditioning down force. The second
air cylinder's function is programmable in software.

The load cell senses the amount of force applied and generates an analog
voltage signal proportional to the amount of force. This signal is
amplified and transmitted to the ¢ontrol computer through an analog
input channel. The control computer receives the information and
compares it 1o the programmed valve of required device down force.
The controf computer regulates the applied force by regulating the air
florw 0 the air cylinder with the electro-pneumatc regulator, The
control compuier generates an analog voltage signal for the electro-
preumatic regulator, and the regulator adjusts the air pressure in

101 to the voltage level of the signal. Together the control
computer, load cell, and electro-pneumatic regulator form a closed loop
controller to maintain the downward conditioning force within 2% of the

programmed force value in pressure mode.

The programmable functions of the conditioning arm are controlled at
the Sweep Parameters and Conditioning/Cleaning Parameters Menus.
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