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Servicing Safety 
The Surfscan has two systems that the service technician must be aware of: 

1. Helium-Neon Laser 

2. High-Voltage Power Supply for the Photomultiplier Tube 
The illustration on the next page shows the positions.of the caution labels placed on 
various parts of the instrument. This product complies with the Class IT requirements 
of the US Bureau of Radiological Health and comforms to the Class I requirements 
of ANSI Standard Z 136.1 for the safe use of lasers. A report of compliance to these 
requirements has been submitted to the Center for Devices and Radiological Health 
(CDRH) by Tencor Instruments. 

Laser 
The helium-neon laser is rated for 2 milliwatts with an effective operating power of 
0.2 milliwatts. A safety interlock is 1?rovided on the laser scan circuit which automat­
ically turns off the laser if the scanmng mirror fails to operate andlor if the scan unit 
cover is removed. Do not defeat the function of this safety feature, except where 
explicitly stated in this Service ManuaL 

Use of controls or adjustments, or performance of procedures other than those 
specified herein may result in hazardous light eXJ?osure. Laser caution labels are 
placed on various parts of the instrument for Warrung purposes. 

High Voltage 
This system contains components requiring high voltage, between 500 and 2500 VDC, 
and has safety interlocks to prevent operaoon of the high-voltage power supplxs if the 
Scan Unit cover is removed. Do not defeat these interlocks or attemt to modify them 
in any way, unless explicitly stated in the Service Manual. The Scan Unit cover should 
be removed only by a qualified service technician. 

Operating Safety 
This system contains a helium-neon laser rated for 2 milliwatts with a maximum 
operating power of 10 milliwatts. A safetY. interlock is provided on the laser scan circuit 
that will automatically turn off the laser If the scanning mirror fails to operate. Do not 
defeat the function of this safety feature. 
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Caution: Use of controls or adjustments, or performance of procedures other 
than those specified herein may result in hazardous light exposure. 
Caution labels located on both sides of the scan unit cover are 
reminders of laser hazards. See label reproductlons below. 

Caution Laser radiation when open and interlock defeated. DO NOT STARE 
INTO BEAM OR VIEW DIRECTLY WITH OPTICAL INSTRUMENTS. 

Caution Laser radiation when open. DO NOT STARE INTO BEAM OR VIEW 
DIRECTLY WITH OPTICAL INSTRUMENTS. 

Pursuant to the Regulations for the Administration and Enforcement of the Radiation .. 
Control for Health and Safety Act of 1968 (pertinent to laser products), a document 
describing this product has been filed with tne Consumer Industrial Products Branch 
(HFZ-312) of the Division of Radiological Products of the National Center for Devices 
and Rdiological Health (CDRH). This product conforms to the requirements for a 
Class I Laser product. 

High Voltage 
This system contains components requiring high voltage (between 500 and 2500 VDC). 



vii 

Company History 
Tencor Instruments was founded in December 1976 to develop innovative test and 
measurement instruments for the .semiconductor industry wmch would be highly 
precise and reliable, cost effective and easy-to-use. Five months later, the company 
mtroduced its first product the Alpha-5tep® surface profiler. Designed tobelp 
semiconductor manufacture~Ai~cisely measure tbin-filrii thickness, it received imme­
diate market acceptance. Wi . 18 months the Alpha-Ste!> had captured a dominate 
share of the market for surface profilers - a leadership position Tencor profilers hold 
to this day. 

In the ye~ since, Tencor Instruments has developed and brought to market a number 
of precision instruments, many of which have introduced unique technologies. The 
number of patents the company has received testifies to its continued innovation in 
the area of product development and enhancement. The company's products continue 
to be used primarily for process monitoring and other areas of tile seimconductor 
industry. However, in recent years some products have found applications in other 
industnes where precision metrology is required. 

Tencor Instruments has grown from a handful of employees to more than 350 today, 
with 1990 sales exceeding S50 million dollars. Corporate headquarters, including 
operations, research and development, marketing, and manufacturing facilities are 
located in Mountain View, California. Sales and service offices are located worldwide. 
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1 INTRODUCTION 

1.1 PURPOSE OF MANUAL 

This Service Manual has been written to help you repcPr problems with the instrument 
and is intended for use by an electronics technician who has previously attended a 
Basic Maintenance Training Class taught by Tencor Instruments. The technician 
should be experienced in integrated circuits (analog and digital) and printed circuit 
board troubleshooting. 

Before beginning the actual repair of an instrument, we recommend that you first 
discuss the symptoms with a Field Engineer or Technical Support Engineer at Tencor 
Instruments. To aid in minimizin~ doWntime, it is important that the instrument 
problem first be analyzed and identIfied as one of the categories below: . 

• Problems you can fix (included in this Service Manual) . 

• Problems requiring service by a Field Service Engineer. 
Some procedures can be rather lengthy and complex. For example, the precise optical 
alignments are not done easily witnout experience, and if performed improperly may 
cause the instrument to malfunction. Certain procedures are omitted because they 
require greater skills or tools than most customer service departments can supply. If 
in doubt, defer the repair to someone with more electronics experience or call the 
Tencor Instruments Service Department at 1-800-722-6775 for assistance. 

1.2 HOW TO USE THIS MANUAL 

To assist you in locating information, tables, procedures, and specific topics, this 
manual uses chapter headings, major and minor topic headings within a chapter, 
bullets, and step-by-step listings. 

Each of these headings or listings are itemized in the index, in the back of the manual, 
for quick and fast reference to a particular topic. Most major topics are located in the 
TabIe of Contents as well. 

This manual makes use of liberal examples, drawings, and partial schematic drawings 
to clarify and speed procedures. This manual also makes use of some very important 
typesettmg techniques to establish a hierarchy within this manual and to call attention 
to important lists, cautions and notes, etc. Listed below and on the next page are a 
few samples of the techniques use for this purpose. 

Warning: These are set in a box, use heavy bold type, in a typeface different 
from the normal text. Warning means that PERSONAL INJURY 
could occur if proper caution is not exercised. 



1-2 Tencor SFS 4500 

Caution: These are set in a box. use heavy bold type. In a typeface different 
from the normal text. caution means that equipment could be 
damaged or severely mis-calibrated or mis-aligned. 

Type size is indicative of the CHAPTER whereas UPPER case and smaller type 
size are indicative of the SUBSECTION of the chapter. The smaller the type size 
the deeper you are within a chapter or subsection. See Fig. 1-1. 

XX. CHAPTER NAME IIDIAGNOSTICS" 
XX.X MAJOR NAME "Trolley Diagnostics" 

xx.x.x MINOR NAME "Trolley Diagnostic Setup" 

Fig. 1-1 Manual Hierarchy 

Other important techniques are listed in Table 1-1. 

Technique Meaning 

ITALIC NAMES IN SMALL CAPS These are SIGNALS within the SFS 4500 

Italics in normal text These are important items, name, topics, etc 
within the body text. 

Table 1-1 Key Typesetting Techniques 
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1.3 INSTRUMENT DESCRIPTION 

1.3.1 GENERAL DESCRIPTION 

This instrument handles wafers robotically to swiftly measure the size, number, and 
location of particles in the size range from submicron to 255 square microns. Two 
configurations of the instrument are available: one Sender and one Receiver, called 
Two-Indexer; or one Sender and two Receivers, called Three-Indexer. Each Indexer 
holds a wafer cassette to send or receive wafers; the Transporter system carries each 
wafers into the Scan Unit for measurement. 

Features 

The Surfscan· 4500 has the following features: 
• Submicron Particle Sensitivity - system specification, measured with latex 

spheres on a bare silicon substrate, is 0.3 /.lm diameter with 95% detection 
probability. 

• Non-Contaminating Wafer Transport - robotic Handler with Vacuum Puck 
eliminates belt handling. The Vacuum Puck is made of a material which is 
easy to clean. 

• High Efficiency Light Collection Optics - maximizes scattered light collec­
tion while minimizing collection of background stray light. 

• Real-Time Data Collection and Display - high speed digital signal process­
ing (16 MHz) produces Particle Maps, Histograms, and Haze Maps with 
X-Y particle addressing in real time. 

• Menu - Driven Operating System - data, help, and set-up screens for ease 
of operation. 

• Automatic Calibration - closed-loop feedback system continuously moni­
tors and maintains system calibration 400 times per second. 

·U.s Patent No. 4,378,159 

Fig. 1-2 Instrument Components 

T~ 
( .... 4>rd) 

Tloree-ladel<cr 
(oplioul) 
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1.3.2 PERFORMANCE SPECIFICATIONS 

MEASURABLE MATERIALS AND RANGES 

Substrate Size 
Diameter of 2",3'" 100 nun (4"), 125 mrn (5"), and 150 mrn (6"). Two sets oflocater 
blocks are available: PA-72 for 2" and 3", 100 mm, and 125 mm, cassettes; P A-182 
for 100 mm, 125 mm, and 150 nun cassettes. (Only one set can be installed at a time. 
Only one set is provided with the instrument at time-of-purchase.) 

Substrate Thickness 
SEMI standard wafer thickness from 0.3 - 0.75mm. (The scanning beam focuses on 
this plane above the Vacuum Puck; substrates not on this plane will be measured 
incorrectly.) . -

Material Type 
In most sensitive range, any opaque, polished surface that scatters less than 0.25% of 
incident light averaged over the substrate. In least sensitive range, less than 5%. 

Particle Sensitivity 
With 90% detection probability, 0.22/l diameter latex spheres on bare silicon substrate. 

Haze Sensitivity 
.4 PPM 

Defect-Size Range 
Spacing of 50 /l between defects. 

Programmable between 0.006 /lm and 1024 /lm in seven ranges. Each range can be 
resolved by 256 graduations. 

Count Accuracy 
:t 1 %, as measured on VLSI Standards wafer. 

Repeatability 
Defect counts repeatable to 1 % at one standard deviation. (Mean count of 500 
particles, l,u diameter latex spheres.) 

-
Contamination 
No more than two particles with scattering cross-section greater than 0.5 /lm2 per 50 
passes (with 97% confidence). 
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MEASUREMENT SPEED AND THROUGHPUT 

Scanning Beam 
Cycle of 400 laser scans per second. 

Substrate Speed 
During scanning, forward motion at rate of 10 mm/s~cond. 

Throughput 
For 100 mm wafer fetch-measure-unload cycle, 36 seconds. 

OPERATING MODES 

Automatic 
Cassette-to-cassette handling and sorting of 3", 100 nun (4"), 125 rom (5"), and 150 
nun (6") wafers. 

Manual 
Cassette-to-cassette handling for same substrates as Automatic Mode, but scan of each 
wafer must be commanded by operator. 

One-Wafer 
Within specified substrate thickness, handling of any substrate shape up to a maximum 
of 150 nun across the longest span. 

INSTRUMENTATION FEATURES 

Light Source 
Helium-neon; 2mW; wavelength().) = 6328 A.. 
Automatic Calibration 
An internal sensor is monitored to allow compensation for effects of photomultiplier 
drift, laser aging, and other long-term circuit drifts. 

Automatic Zeroing 
An internal sensor is monitored checked after each laser scan to ensure measurements 
independent of ambient light level. 
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Overload Protection 
The photomultiplier is· automatically disabled whenever the scattered or ambient light 
lever exceeds the detector limits, preventing overload damage and invalid readings. 

Pulse Position Correia tor 
Enables defect counting classification to determine defect count to high precision. 

DATA OUTPUTS 

Monitor 
High resolution color monitor. Summary Data (text), Defect Map (yellow), Histogram 
(orange), and Haze Map (blue). While in Menu mode, screen shows parameters and 
values. While in Help mOde, Help Screens display information for operatIon and applica­
tion assistance (a summarized user's manual stored in the Instrument's memory) . . 

Port 
Serial RS-232C data output port. When keyboard [PRINT] key is pressed, data are 
transmitted through this port to the external printer (or other deVIce configured to 
receive serial data). 

External Printer 
Standard printer is a 2O-column alphanumeric printer for text data (no graphics). 
Optional ConverterlBuffer interfaces Serial Port to a parallel-input graphics printer, 
such as Epson FX-80 +". or parallel printer port may be used to interface to a parallel 
printer such as Epson FX-80 + ". . 
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1.3.3 OPERATING SPECIFICATIONS 

These specifications should be reviewed to plan for any necessary modifications to the 
intended installation site. 

Electrical Power 
The Instrument has an assembly called the Power Drawer which transforms and 
regulates the utility power. Besides supplying the eleC;.tronics, it also provides an outlet 
for use by the Monitor. This "courtesy' outlet is intended for the Monitor only. 

The 20-column Printer has a power cord that does not connect to the rest of the system; 
this component must be connected to its own utility outlet. 

There are four parts of the installation site's utility power to be considered: 1) voltage 
supply from outlet, 2) power demand, 3) location of outlets, and 4) quality of power. 

Voltage 
The Instrument operates at the voltage selected by the AC Voltage Selector. To switch 
voltages, refer to the procedure in Section 10.8 - Changing Instrument Voltage 
Selector. 

100 V AC 10%, 50 OR 60 Hz. 

117 VAC 10%, 60 Hz. 

220 V AC 10%, 50 Hz. 

240 V AC 10%, · 50 Hz. 

.... 

The Printer operates at the voltage selected by the Printer Voltage Selector. Each 
setting allows a voltage ran~e to allow the Printer to use the same utility power source 
as the Instrument. To SWitch voltages, refer to the procedure in User's Manual or 
Section 10.9 - Changing Printer Voltage Selector. 

115 V AC 10%, 50 or 60 Hz. (For 100 V AC to 117 V AC.) 

230 V AC 10%, 50 or 60 Hz. (For 220 V AC to 240 V AC.) 

With a multimeter or probe, check the voltage of the utility power outlets intended 
for the Instrument. Be sure that the voltage matches the type of line cord plug and 
the ,:alue shown on the AC Voltage Selector of the Instrument's Power Drawer. 
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WARNING: The utility power outlet must be properly grounded to prevent 
possible electric shock from the metal chassis of the instrument. 
Check the ground connection BEFORE plugging the line cord into 
the outlet. 

Power Demand 

Instrument: Single-phase only; 350 VA 

Printer: Single-phase only; 28 VA 

Outlets 

For an Instrument with the standard 2O-colurnn Printer, two outlets must be located near 
the installation site: one for Instrument power and another for Printer power. For an 
Instrument with the optional ConverterIBuffer, three outlets are needed: one for Instru­
ment power, one for the ConverterIBuffer external power supply, and another for the 
80-c0lumn printer. An additional convenience outlet for other devices may be useful. 

As shown in Fig. 1-3, there are two types of plugs for the Instrument Power Cord and 
Printer Power Cord: one type for 100 or 117 VAC, and another type for 220 or 240 
V AC. When the Instrument is unpacked, check that it has the correct power cord for 
the site (contact Tencor Instruments if the other cord is needed). 

100 -117 (DO] 
VAC \::J' 

Fig. 1-3 Types of Line Cord Plugs 

Power Quality 

220- 240 
VAC 

If the utility power source has radio-frequency interference from other equipment on 
the same line, an isolation transformer may provide some radio-frequency filtering in 
addition to the filtering done by the Power Drawer. Treat the Instrument's power with 
as much care as a computer deserves; the internal computer and other sophisticated 
electronics require computer-grade power, free from spikes, dips, and surges. The AC 
Voltages Selector (on the left side panel) must match the available utility power. Check 
this during installation and before operation. 
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FUSES 

Instrument 
For 100 V AC or 117 V AC, (2) 5 Ampere slow-blow. 

For 220 V AC or 240 V AC, (2) 2 Ampere slow-blow. 

These fuses are time-lag, low-breaking capacity. Replacements equivalent to Schurter 
034.3124 (5 A) (Tencor PIN 063932) or 034.3120 (2 A) (TencorPIN 142956) can be 
ordered from Tencor Instruments. 

Monitor 
For 117 VAC only: (1) 2 Ampere 117 VACslow-blow. 

Printer 
For 115 VAC(110-117): (1) 1/4 Ampere 125 VACslow-blow. 

For 230 VAC (220-240): (1) 1/8 Ampere 250 VAC slow-blow. 

Temperature 
The normal operating temperature range is 18 to 22 degrees C (64 to 72 degrees F). 

Air Quality 
The Instrument should be operated in an environment of Class 100 or cleaner. 

Room Lighting 
Since the Instrument detects small quantities of light inside its detection system, 
lighting outside the Scan Housing should be subdued. The Auto-Zero feature of the 
detectIon system compensates for normal amounts of overhead illumination, but 
excessive amounts light may affect the measurement. The tinted-plexiglass track cover 
helps block stray light. . 

Under no circumstances should direct light enter the Scan Port. This raises the dark noise 
level of the photomultiplier tube reducing the sensitivity temporarily. Under some 
conditions, the PMr can be permanently damaged by intense direct light. (Normal room 
lighting will not change the dark noise level or damage the PMr.) 



1-10 Tencor SFS 4500 

Vacuum 
The Instrument requires a vacuum supply to operate the Vacuum Puck (part of the 
Transporter System). The vacuum su,Pplied to the Puck holds the substrate in place 
during fetching, scanning, and unloadfug. The quality of the vacuum is important - it 
must be clean with no backstreaming to Vacuum Puck. 

It is also very important that the vacuum supply to the instrument does not have any 
tees for other instruments, vacuum wands or accessories. 

Gauge Reading - Port Closed 
The minimum vacuum supplied to the Instrument must be equivalent to 22 inches Hg 
(gauge reading). Vacuum can range from 22 to 29 inches Hg Fig. 1-4 while the 
Instrument vacuum port (on the Puck) is closed. 

Interference Level 
The Instrument should not be operated near heavy emitters of radio-frequency 
interference (RFI) or in strong electrical or magnetic fields. 

Vibration Limit 
The Instrument should not be operated near sources of vibration, such as fans, motors, 
or in excessive flow of cleanroom laminar flow. Equipment should not be placed on 
top of the Transporter or other parts of the Instrument or vibration may be transferred 
to measurement optics. 

Weight 
TOTAL (after installation): 94 kilograms (206 pounds). The cleanroom bench must 
be able to support the Instrument Without saggmg. The cleanroom bench much also 
be long enough to allow all six support feet, on the bottom of the instrument, to rest 
on the bench. Do not position the Instrument so that any of the feet are unsupported 
by the table. This actIon may cause permanent damage to the instrument or seriously 
misalign the transporter assembly and chassis. Except for the pedestal feet, no other 
part of the chassis should be touching the c1eanroom bench. 

Instrument: 84 kg (184 lb.). 

Monitor: 10 kg (22 lb.). 

Printer: 1.59 kg (3.5 lb.). 

Shipping Weight: 219 kg (482 lb.). 

DIMENSIONS 

Instrument 
177 cm (SOli) wide x 61 em (24") deep x 64 em (25") high. 

Printer 
18.8 em (7.38") wide x 15.5 em (6.12") deep x 7.8 em (3.08") high. 

Shipping Carton 
156 em (61.5") wide x 84 em (33") deep x 107 em (42") high. 
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PLAN VIEW 
Fig. 1-5 shows a plan view of the Instrument installation site. The bench must be a 
hard surface (may be a "laminar" type bench) so the Scan Unit and Control Unit's 
mounting pads hold them with sufficient room for airflow underneath. Allow ap­
proximatefy one foot of free space on the left side for access to the power switch and 
fuseholders. Allow between 8 to 10 inches of free space behind the Instrument to 
permit the HEPA Filter Purging Vent to be opened .and closed. 

1--___ <27 _ ------I 

lso- ' 

Fig. 1-4 Plan View Installation 

fRONT VIEW 

125-' 
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1.3.4 PRODUCT EVOLUTION 

TYPE WAFER SIZE SENsmVITY PERFORMANCE ENHANCMENTS 

SF 100 3"-5" wafers 1,um2 
- 255 ",m2 PMr Direct in Split Hemisphere 

Belt Handling Transport 

SF 160 3"-6" wafers .3",m2 
- 25.5 ",m2 Ellipitical Mirror &Iategrating Sphere 

SF 164 3"-6" wafers .1,um2 - 25.5",m2 Ellipitical Mirror & Fiber Optics 

SF 200 3"-5" wafers 1,um2 - 255 ",m2 PMr Direct in Split Hemisphere 
No Handler 

SF 260 3"-6" wafers .3",m2 
- 25.5 ",m2 Ellipitical Mirror & lategrating Sphere 

SF 300 4"-6" Photomask 1,um2 
- 255 ",m2 PMT Direct in Split Hemisphere 

SF 364 4"-7" Photomask .1",m2 
- 25.5",m2 Ellipitical Mirror & Fiber Optics 

SF 3000 2"-6" wafers .0l,um2 - 255 ",m2 Integrating Hemisphere, Ellipitical 
Mirror & Pixel Counting, Robotic 
Transport 

SF 4000 2"-6" wafers .01,um2 
- 255 ,um2 Integrating Hemisphere, Ellipitical 

Mirror & PPC, Robotic Transport 
TrendTrak 

SF 4500 2"-6" wafers .006,um2 - 1024,um2 ~itical Mirror & Fiber Optics Bundle, 
ic Transport, SECS II Communication 

SF 5000 4"-8" wafers .006,um2 - 1024 ",m2 Ellipitical Mirror & Fiber Optics Bundle 
Robotic Transport SEes II Communication 

SF 5500 4"_8" wafers .003,um2 - 1024,um2 Improved Optic Plate, "A-frame" 
Design, Stronger Laser Robotic 
Transport SECS II Communication 

Table 1-2 Product Evolutiomn 
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1.4 INDUSTRIES 

Surfscan .... instruments are used in three major areas of semiconductor manufacturing. 
These areas are: wafer processing, semiconductor processing, and monitoring 
manufacturing of equipment used in the first two processes mentioned above. 

All of these industries use Surfscan instruments to measure cleanliness or contamina­
tion levels during a particular process of manufacturing. 

Wafer manufacturers use Surfscan instruments primarily as an outgoing contamination 
inspection instrument. 

Semiconductor manufacturers use Surfscan instruments for incoming and outgoing 
inspection, for cleaning process monitoring, and for equipment contamination to 
processing monitoring. 

Equipment manufacturers use Surfscan instruments to monitor cleanliness 'of equip­
ment manufactured for wafer processing and semiconductor manufacturing. 
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2 GENERAL THEORY of OPERATION 

2.1 THEORY 

This section covers general light-scattering theory and describes the measurement 
mechanism used in the Instrument. A brief overview of the data-processing electronics 
and mechanical transporter is included. 

2.1.1 DEVELOPMENT OF WAFER INSPECTION SYSTEMS 

With increasing integration density, the need for clean, particle-free wafer stock 
becomes ever more important. Wafer inspection systems that measure the size and 
number. of particl.es on w~ers must use non-contact methods to prevent addi~ion~ 
contammatlon. Smce particles are a surface phenomenon, they affect the way lIght IS 
reflected or scattered. A common example of this can be demonstrated by dust on the 
hood of a polished automobile. If viewed from the proper angle, the dust can be easily 
seen. Wafer inspection systems use controlled light to detect particles. 

Types of Systems 
Based on the type of light used for detection, there are two basic types of wafer 
inspection systems: (1) high-intensity collimated light, or (2) laser light. 

Collimated Light Systems 
High intensity collimated light systems, the earliest type, use bright light from a slide 
projector or similar sources to illuminate the surface of a silicon wafer. Positioning 
the light beam so it reflects off the wafer, the i~ector examines the surface while 
avoidmg the high-intensity specular reflection. (The word "specular" comes from the 
Latin speculum, meaning "mirror.") This is dark field inspection, where particles 
appear as bright specks or spots on the dark background . 

• '1 Laser Light Systems 
Most laser light systems work on the same dark field inspection principle: shine a 
concentrated beani at the wafer surface and measure the amount of light scattered by 
particles. 
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Dark-Field Inspection 
The Instrument uses the same principle for detection as dark-field microscopy. A 
simplified view of a dark-field inspectIon system (Fig. 2-1) has two basic components: 
a light source and a detector. The light is focused onto the surface of the substrate. 
The specular beam reflects at the same angle as the incident beam. If, however, there 
is a particle on the substrate, a small portion of this incident light scatters. The 
scattered light can be measured by placing a detector at_ an appropriate location. 

LIGHT 

SOURCE 

/ 
/ 

SPECULAR 

/ 
/ 

/ 
/ ...... 

/ 
/ 

/ 

, DETECTOR 

/ SCATTERED LIGHT 
/ 

c:========~==========~ - SUBSTRATE 

Fig. 2-1 Dark-Field Inspection 

Problems With Early Detection Systems 
Using early collimated-light systems, an inspector simply looked at the surface and 
counted or estimated the number and size of particles. This was later replaced in some 
systems by an instant-film camera loaded with sensitive (ASA 3000) film. A time 
exposure allowed smaller particles to be counted from the picture of the surface. 

Later systems replaced the inspector with electronic measurements devices, such as a 
Vidicon tube and image-analysis circuitry, reducing human error and improving resolutioIL 

However, there were some inherent problems with these systems. Since the detector 
spanned only a small fraction of the solid angle in which light is diffused, light scattered 
at most angles did not enter the detector. With only a small portion of the scattered 
light detected, incorrect sizing could occur. 
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Other technologies to collect light scattered over wide angles were therefore 
developed to alleviate this problem. This Instrument uses state.-of-the-art technology 

. to extend automated particle detection to submicron levels. I{owever, before describ­
ing the Instrument's detection system, this service manual covers some background 
theory of light-scattering physics in "Scattering Theory." 

2.1.2 SeA TTERING THEORY 

Types of Light Scatter 
Particles scatter light either isotropica1ly or yreferentially. Isotropic scattering means 
that the s~ttering takes place at many angles and is relatively uniform when viewed 
from different angles. Preferential scattenng means that the light is scattered in only 
a few selected directions with briJilit components. To scatter preferentially, the 
particle must be at least one wavelength long in one or more dimensions. For this 
discussion. the wavelength, A. = 0.6328 J.l m, is that of the scanning laser used in the 
Instrument detection system. The optimum detection system must cope with both types 
of scatter in order to handle all types of wafer particles. 

Since isotropic scattering is done over many angles, the collection efficiency depends on 
the shape and collecting properties of the measurement system. A high collection 
efficiency provides more accurate sizing since more of the total scattered light is collected. 
The collection angle is therefore made as large as possible to gather as much light as 
possible. 

A large collection angle is also necessary to handle particles scattering preferentially, but 
for a Oifferent reason. For these types of particles, the system must detect light scattered 
in many different directions so that bright components are not missed. Fig. 2-2 shows a 
light source causing plane waves of light to shine down on a surface containing particles. 

Fig.2-2 Common Sources of Preferential Scatter 

If the detector is placed at only one point, the particle can be missed entirely or 
incorrectly sized. Correct size measurement can omy be done if all the scattered light 
is collected and measured since the amount of scattered light is related to the particle 
size. A large collection efficiency is therefore a key element, not only for sensitivity, 
but also for correct sizing. 

For example, if a small-collector system has its detector placed at a certain position 
and the particle is an epi spike (Fig. 2-3), the particle may be only partially seen. With 
the light impinging from above, the shape of the epi spike causes the scatter of two 
relatively large components of light. If the collection angle is narrow (such as with a 
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camera lens for a Vidicon tube) only part of the total scatter will be measured since 
the other components will be missed by the detector. However, this Instrument's 
collection system covers the top surface of the wafer and both components are 
gathered. 

u - V 
0-@f (?@l)))~~/ -~~ 

PARTICLES ONLY PARnALLY SEEN INCORRECT PARTICLE SIZE -BLOOMING- WHEN .ROTATED 

Fig.2-3 Umitation of a Small Collection Angle 

Another problem with the small-collector system arises when an irregularly shaped 
particle is struck by the scanning light. For this case, the detector measures a small 
component and the larger component is lost in the other direction. If the wafer is then 
rotated, the large component is measured instead. This leads to incorrect sizing of the 
particle, with magnitude defending on wafer orientation. Again, with this Instrument's 
collection system, nearly al scattered components are collected for measurement. 

Defect Classification 
From the standpoint of light scattering, surface irregularities can be divided into three 
categories based on size (Fig. 2-3) compared to the light's wavelength (A). 

Small Particles 
Isolated particles smaller or comparable in size to k can, to some degree, scatter preferen­
tially. Isotropic scattering can also take place, where uniform scatter is distributed over 
many angles. This category includes cleanroom dust and ultrafine silicon dust. 

Large Particles 
Other p~ticles that in at least one direction are large relative to A. tend to scatter 
preferentially. These include scratches, particles, handling marks, skin flakes, process­
related contamination, and other particles. 

Correlated Irregularities 
Some irregularities have heights small relative to 1, but many have spatial dimensions 
much larger. Called haze, these irregularities may be aggregates of particles covering 
the surface, chemical residues (including organic films), or a small-scale roughness 
due to deposition processes or surface textures. In general, haze scatters isotropically. 
A large collection efficiency is important to accurately measure haze. 

The Mie Theory of Scattering 
The physics involved with light scattering from dielectric spheres was explored by 
Gustav Mie in 1908. He denved a series of equations to describe the light scattering 
from a dielectric sphere suspended in free space and illuminated by an incident plane 
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electromagnetic wave. By expressing the plane wave in spherical harmonics, he found 
a con;ect analytical solution which came to be known as the Mie theory of scattering. 

Computers were later used to solve series snmmations for Mie-theory calculations 
using specific optical characteristics of polystyrene latex spheres. Since latex spheres, 
traceaole to National Bureau of Standards, can be used to calibrate eqwpment 
measuring light-scattering, the background of Mie's theory and interpretation for latex 
spheres wIll help describe what the Instrument measpres. 

Free-Space Model 
Light incident from the plane wave strikes the sphere and scatters light through a 
combination of processes: reflection, refraction, and diffraction. Fig. 2-3 illustrates a 
case for the given wavelength A and diameter D of a polystyrene latex sphere. A 
relatively large component {If) is scattered in the forward direction. There is also a 
smaller back-scattered component (lb). The ratio of If / lb is a function of AI D where 
D is the diameter of the spliere. 

INCIDENT 
LIGHT 

BACK SCATTERING 

Fig. 2-4 Free Space Model 

Model Including Substrate Effects 

DC 1.01 Aim 
A'" 0.6328A1m 
n" 1.5 

FORWARD SCATTERING 

For the Instrument's application, the particle is resting on a surface. The surface is 
typically a silicon wafer, bare, coated, or metalized. Therefore, Mie's free-space model 
must be modified to include the effects caused by the surface. ' 

INCIDENT 
LIGHT 

---~.- -~----

Fig.2-5 Model Including Substrate Effects 

o = 1.01 AIm 

----~- TI f >.. = 0.6328.um 
n = 1.5 

This model, shown in Fig. 2-6, is for a particle resting on a substrate. No correct 
analytical solutions exist for this model to include the effects of the substrate. The 
forward-scattered light components are now reflected by the substrate, a fraction of If 
depending on its reflectivity R which is always less than or equal to 1. Furthermore, 

. induced image charges in the substrate alter the radiation pattern. The dielectric 
properties of the substrate determine the strength of the image charges. Since various 
substrates have different values of R and different dielectric properties, approximate 
solutions for a specific substrate may be obtained only through numerical methods. 
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The Concept of "Scattering Cross-Section " 
The Instrument measures the amount of light scattered from a particle as a fraction 
of the incident beam's intensity. The. amount of light scattered from a given particle 
depends on its shape and on characteristics of the substrate. From die amount of 
scattered 1i2l!t, an approximate diameter may be inferred, provided that the dielectric 
constant or the scatterer and the substrate's reflectivity are known. 

For example, particles on a silicon wafer coated with a quarter-wavelength of silicon 
oxide will appear to scatter less than those on bare silicon. A quarter-wavelength film 
is antireflectlve since scatter in the forward direction, If in Fig. 2-6, passes into the 
silicon oxide and is absorbed rather than reflected. 

Due to the effects of the substrate on scattering, the abcissa of the Instrument's Data 
Display Histogram expresses not particle size, but scattering cross-section (dsc). This 
is the quantity measured directly; particle sizes can only be estimated once the 
composItions of the particle and the substrate are known. . 

Definitions of Scattering and Geometric Cross-Section 
The amount of light removed from a collimated beam by a particle is defined as the 
scatterin& cross-section. Consider a collimated light beam of 1 cm2 cross-section 
illuminatmg a particle with uniform intensity. The scattering cross-section is then 
defined as the ratio of the total light removed from the beam to the light incident on 
one cm2. Hence 

dsc = S/l (cm2
) 

where S is the scattered light, I is the incident intensity, and dsc is the scattering cross-section 
. expressed in square centuneters or square microns if the incident li~t beain is expressed 
as 1 pm2. The units for this Instrument are related in terms of 1 pm2 since the particles 
detected are within the submicron range. Note that S includes all the light removed from 
the beam through absorption, reflectIon, refraction, and diffraction. The processes of 
scattering by a free-space particle are illustrated in Fig. 2-7. 



". 

Fig.2-6 Scattering and Geometric Processes 

The part of the light intercepted by the scattering cross-section is removed from the' 
collimated beam (Fig. 2-8). A particle with a scattering cross-section of 1 p.m2 removes 
one part in lOS from the light mcident on 1 cm2 (since 1 p'm = 10-4 em). . 

Fig.2-7 Scattering and Geometric Cross Section 

The scattering cross-section is not equal to the geometric cross-section of the particle, 
since it depends upon the optical properties of the particle and the substrate. For a 
sphere of diameter 0, the geometric cross-section (d geom) equals P02/ 4_ 
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Scattering From Large Particles 
For particles large co~~ to A. the scattering cross-section approaches twice the 
geometric cross-section. This seems to contradict physical intuition, out light scattered at 
any ~e is considered removed from the collimated beam. Common sense suggests that 
the shadow is the li~t energy intercepted by the geometric cross-section. A second factor 
is the diffraction orthe light filling the "hole" left by the intercepted light From Babinet's 
Principle, this is equal to the amount of light intercepted l?Y the geometric cross-section. 
Since 1t is no longer collimated, the diffracted li~t is considered removed from the beam. 
Hence the total scattering cross-section is twIce the geometric cross-section. Normal 
perception of objects does not take the diffraction into account; only when working at small 
distances where a shadow is no longer clearly perceived is this second factor noticed. 
However, this microscopic scale is the mode in which particulates are observed. 

Scattering From Small Particles 
For particles with dimensions comparable to A, several resonances take . place and the 
scattering cross-section does not vary monotonically with the diameter of the particle. 
Fig. 2-9 illustrates this phenomenon for a latex sphere in free space. 
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Fig.2-8 Mie Extinction Curve 
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A term commonly used in scattering theory, Qext, is the ratio of the scattering . 
cross-section (dsc) to the geometric cross-section (dgeom). The abcissa plots the 
quantity PDf A , where Dis tlie I?article diameter. For the peak where PDf A = 4.2, Qext 
= 4, indicating that dsc is four ttmes as great as dgeom. For PDf A = 4.2 and A = 0.6328 

pm, the corresponding diameter is 0.84 pm. 

The scattering cross-section of a latex sphere in free space, based on Mie theory, is 
illustrated in Fig. 2-9 as a function of the particle diameter. This is basically the same plot 
as in Fig. 2-8 except that the ordinate is now the scattering cross-section: 

dsc = Qext(dgeom) 

or, since dgeom is the geometric area perpendicular to the collimated beam: 

dsc = Qext(Pr2) 

dsc = Qext(PD2f4) 

This equation has been reduced to the second form to retain D as a common unit. The 
lower end of the abcissa (0.2 pm) represents the Rayleigh regime, where the scattering 
efficiency varies as the fourth power, and the scattering cross-section as the sixth8.0wer 
of the diameter D. This explains the difficulty in measuring small particles: a .1,urn 
diameter sphere scatters only 1/64 as much light as a 0.2 ,um diameter sphere. 

For spheres approximately 1.2,um in a diameter, a measurement of the scattering 
cross-section does not allow an unambiguous determination of the diameter. How"" 
ever, for random-shape rather than spherical particles, in general one tends to obtain 
unambiguous results. 

The curves in Fig. 2-9 and Fig. 2-10 are theoretical curves. In practice, the particles 
of interest are not floating in free space but are resting on a wafer. In addition, the 
Instrument captures only a fraction of the incident light since the real collection 
efficiency is not ideal. 

The Instrument is therefore calibrated by experimentally measuring the amount of 
light scattered by 0.364,um & 1.091,um diameter latex spheres sitting on a bare silicon 
wafer as compared to the amount of scatter from a totally diffusing surface. This ratio 
shows that the scattering cross-section for a 0.364,um latex sphere is 0.220,um2 and 
for a 1,um latex sphere is 0.92,um2. This procedure is done at the factory to calibrate 
the horizontal axIS of the Instrument's Data Display Histogram .. 
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The Concept of Haze 
Haze is generall}" although not always, related to the surface roughness of the wafer. 
Haze is expressea in parts per million (ppm), which refers to the fraction of the incident 
light cap-tured b}' the collector. Haze IS rdated to the quantity called total integrated 
scatter (TIS), which in tum is related to the RMS surface roughness (d) by the equation 

dRIRo A= (4Pd/1)2 for d < 1 

where dR is the haze expressed in decimal form (fiom ppm) and Ro is the surface 
reflectivity in decimal form (from %). Approximations of the surface roughness can 
therefore be made. For example, for silicon with R = 33% (Ro = 33) and a ppm haze 
measurement of 1000 ppm (dR = 0.(01) then d = 27 to 28 A. This is mucD smaller 
than the 6328 A 1, so the equation is valid. 

Light scattering is a very powerful technique for detecting contami1;lation difficult to 
detect by any other method. For example, the Instrument readily recognizes a 
transparent deposit a few hundred Angstroms thick and a few microns in diameter as 
haze or a partIcle. Due to the low contrast of these deposits, they may be extremely 
difficult to fmd by either optical or electron microscopes. 

Summary of Scattering Theory 
Scatter from particles resting on a surface is affected by many factors besides particle 
size. The dielectric properties and refractive index of the particle change the amount 
of light scattered by It. The substrate's dielectric properties and reflectiVity also change 
the amount of light scattered and reflected. The Instrument therefore measures the 
amount of scattered light and further interpretation of particle size must be done after 
taking the other factors into account. 

This describes the physical measurement needed to determine the relative size of 
particles on a surface. There are three Instrument systems that make rapid wafer 
Inspection possible: detection (including scanning, collection, and measurement sys­
tems) signal processing, and substrate handling. The rest of this section discusses these 
Instrument systems. 
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Further Reading 
The following reference list is supplied for those interested in reading more about light 
scattering. for specific information about Instrument applications, refer to the Ap­
plication Notebook-contact Tencor Instruments Sales for availability of this guide. 

Adley, J. M., and E. F. Gorey. 1970. "The Measurement of Specular Particles on 
Semiconductor Surface." J. Electrochem. Soc. 117 (July; no.7):971-75. 

Bennett, H. E. and J. O. Porteus. 1961. J. Opt. Soc. Am. 51:123. 

Bohren, C. F., and D. R. Huffman. 1983. Absorption and Scattering of Ught by Small 
Particles. New York: John Wiley and Sons. 

Van de Hulst, H. C. 1981. Light Scattering by Small Particles. New York: Dover 
Publications. 

2.1.3 SCANNING SYSTEM 

Scattering Geometry 
Fig. 2-11 shows how a wafer is scanned by a light beam in this Instrument. The 
incoming laser beam is focused to a small spot at the wafer surface, and any surface 
particles within the spot scatter light. The specular beam is allowed to pass out of the 
detector but all other scattered light is collected and then measured with a photomul­
tiplier tube. 
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Fig. 2-10 Scan Method 
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Optical and mechanical systems direct a focused laser beam onto each point of a wafer. 
The amount of scattered light is measured electronically and stored m memory with 
position coordinates to permit plotting on the Data Display's Particle Map. 
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Beam Generation and Spot Focusing 
The optical system, shown in Fig. 2-12, generates the tisilitly focused laser beam which 
scans the substrate .. Ught from a linearly-polarized laser passes through a double 
right-angle prism which folds the light path and converts the beam to circularly­
polarizea lIght. By using circular polarization, scattering effects dependent on 
polarization are eliminated. The light then enters lens Ll, focusing the light to a spot 
somewhat smaller than the pinhole in the spatial filter placed at the focal point of Ll. 
The spatial filter removes stray laser light which would otherwise degrade the quality 
of the final focused spot. The light leaving the spatial filter is turned 90 degrees by 
the terret mirror M and then enters lens 1.2. The scanning mirror oscillates, sweeping 
the beam which is focused by lens 1.2 at the substrate plane. 
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Fig.2-11 Optical Elements of Scanning System (Auto-Cal, Auto-Zero, Below-Wafer Mirror, 
and Below-Wafer Sensor are part of Measurement System) 
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Scanning Path 
While the focused beam sweeps the wafer, the Transporter slowly steps the wafer 
perpendicular to the scan line so the focused light spot sweeps the entire Wafer surface. 
The end result is a spot 50 #m in diameter following scan lines 25 #m apart 
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Fig.2-12 Pictorial View of Scanning and Collection System (PMT, Auto-Cal, Auto-Zero, 
Below-Wafer Mirror, and Below-Wafer Sensor are part of Measurement System) 

The scanning plane of the incoming beam is offset slightly from vertical so that the 
specularly-reflected (retro-beam) beam can be absorbed by a blue beam-catcher 
rather than striking the beam-forming optics. 
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The beam sweeps from the Auto-Zero sensor, across the wafer, to the Auto-Cal sensor. 
During the retrace time the wafer advances 25 microns, insuring that every ~int on 
the water surface is repeatedly addressed by the li2h,t spot and no particles are 
overlooked. The combination of scanning-mirror oscillation and wafer travel creates 
and X-Y laser beam raster scan. The signal produced by the collection and measure­
ment systems during this raster scan is handled by the signal processing electronics like 
slow-scan video or facsimile data, converting the analog measurement of the scattered 
light into digital from. 

Focusing and Scan Line Requirements 
The scanning optics produces a beam with tishtly controlled focus over the entire area 
of the wafer to InSure that the beam intensity IS the same for all particles. H the intensity 
were not the same, particles of equal size in different locations could scatter different 
amounts of light and therefore would be sized incorrectly. For the same reason, the 
overlaps of the scans are tightly bunched (Fig. 2-14) so that a particle is relatively 
unaffected by the beam intensity across the spot diameter. 

In Fig. 2-14, spot A has center a. CorresR<;>nding sPQts B and C have centers b and c. The 
scatter from each spot is measured and Oigitized. Due to the digital conversion rate and 
the speed of the scan, there is a distance of 21 #mI conversion. Since the conversions 
proVIde discrete sampling points, the scan line can be represented as a succession of spots. 
This means that the greatest distance between the centers of data points is the length of 
line ac. The intensity diagram shows how a particle P midway between a and c would be 
illuminated. The overlap of the scans prevents this worst-case position from receiving less 
than 89% of maximum beam intensity. Particles, on the average, are exposed to an intensity 
about 96% of maximum, such as a particle midway between a and b. 
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2.1.4 COLLECTION SYSTEM 

The scanning optics provides the light signal for the collection system to gather and 
present to the measurement system. The major components of the collectIon system 
are an elliptical mirror and an integrating spJiere. 

Elliptical Mirror 
The elliptical mirror collects the scattered light. To understand how this mirror works, 
an earlier system (Fig. 2-15) can be examined to see how the elliptical mirror improves 
response. This earlier system had an integrating quarter-sphere consisting of a inner 
white-painted surface and two plane mirrors spaced a small distance above the surface 
of the silicon wafer. An elliptlcal mirror brings the beam through a slot between the 
two plane mirrors and, with the wafer motion from the handling system, produces the 
raster scan of the focused spot. . 
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Fig. 2-14 Earlier Integrating Sphere Collection System 

A certain amount of stray li~t or background light around the beam reaches the wafer 
due to the imperfect optica1 system. This off-axis light is then reflected or scattered, 
entering the integrating sphere where it raises the noise level. 
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This stray or background light level can be considered optical noise, it raises the 
system's overall signal-to-noise ratio. An apparent solution was to increase the amount 
of signal. However, raising the beam power to increase the signal also increased the 
power of the stray light. Therefore, the true solution was to decrease the background 
noise of the system since there were limitations to the improvements that could be 
made to the scanning optics to reduce unwanted light. 

The elliptical mirror collector used in the present Instrnment, Fig. 2-16, significantly 
reduces the effects from off-axis light The optical system still has imperfections producing 
stray light However, due to the optical pro~rties of the elliptical mirror, any light 
scattered by particles in the first focal poinfFl Will always be foaised at the second focal 
point F:z.. 
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Fig. 2-15 Elliptical Mirror Collection System 
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Conversely, any light which does not emanate from Fl will be focused at other points. 
The stray li~t that comes in with the laser beam is off-axis; therefore it striKes the 
wafer outside of Fl and reflects at a certain angle up into the elliptical mirror. Due 
to the geometrical optics of this elliptical mirror, the stray li~t is focused by the mirror 
at point S (or other points) and does not enter the integrating sphere. 

The large collection efficiency of the elliptical mirror is due to the effective solid angle 
above the wafer, approximately P out of a possible 2P. This large collection angle of 
the elliptical mirror avoids problems associated with a small collection angle. 

The elliptical mirror has allowed the aperture of the integra~ sphere to be placed 
at point F2, effectively eliminating the beam's stray light by allowmg only the particle's 
scattered light to be measured. Using the elliptical mirror gives the Instrument about 
an order of ma~tude increase in the signal-to-noise ratio without any changes in the 
incident laser lIght. Additional refinements in the scanning optics have also been done 
to improve beam quality. These include improved focus lenses, higher quality & lower 
oscillating frequency scanning mirrors, and higher quality turning mirror. 

Integrating Sphere 
The elliptical mirror collects light scattered by particles on the wafer surface and rejects 
stray light. The integrating sphere (Fig. 2-17) averages the light entering from the 
second focal line of the elliptical mirror collector. The directional-avera~g proper­
ties of the sphere ensure that the scattered-light signal will be essentially mdependent 
of scattering angle as well as position of the particle on the wafer surface. This 
improves response when presented with particles which scatter light preferentially (e.g. 
scratches, irregular particles, fibers, etc.). The light scattered by particles ultimately 
reaches the photomultiplier tube (PMT) after multiple reflections from the integrating 
sphere's plane mirrors and white inner surface. 
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SIDE VIEW 

Fig. 2-16 Elliptical Mirror and Integrating Sphere 
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Besides increasing the signal-to-noise ratio, the elliptical mirror creates a dead zone, 
prohibiting the PMT from ever seeing direct light from the particle. This helps 
whenever a particle scatters light preferentially toward the entrance of the PMT. In 
the earlier system, the particle was measured to be larger than actual size because 
there was no integration of this preferential component. With a dead zone, the 
response is uniform no matter which direction the bght is scattered. 
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Fiber Optics Bundle 
The final improvement (Fig. 2-18) to the oollection system was to replare the integlC!$g 
sphere with a high efficency fiber optics bundle and add a set of mirrors to the endS of the 
elliptical mirror. 

The addition of the fiber optics bundle eliminated (or nearly so) the multiple reflec­
tions from integrating spheres. The addition of a mirror at each end of the elliptical 
mirror gave the elliptiCal mirror an effectively infinite collection view capaole of 
collecting all reflections from particles. 

Collectively, these improvements greatly enhanced the signal-to-noise ratio of the 
instrument allowing accurate measurement of submicron particles. 

2.1.5 MEASUREMENT SYSTEM 

There are three parts of the measurement system: the detector, Auto-Cal, and 
Auto-Zero. The detector, a photomultiplier tube (PMf), provides an electrical signal 
proportional to the li~t focused onto it from the fiber optics bundle. The Auto-Cal 
and Auto-Zero circuIts enhance the performance of the measurement system by 
providing continuous calibration. 

Photomultiplier Tube 
The photomultiplier tube is used as the scattered-light detector. No other li$ht detector 
rivals it in terms of the sensitivity, bandwidth and sensitive area. Signal nse times for 
PMT's can be a few nanoseconds. Under the riJilit conditions, single photons can be 
detected. The PMT has a large sensitive area ot several hundred square millimeters. 
All of these features make the PMT a high performance detector. 

Auto-Cal Circuit 
The PMT's high performance can be unstable unless proper attention is given to circuit 
design and PMT control. The Instrument's Auto-Cal CIrcuit functions as a PMT gain 
controller and stabilizer. 

To maintain long-term precision, the measurement system compensates for changes 
in the laser beam's intensity. The beam may change due to die aging of the laser, 
which, like an incandescent light bulb, gradually loses intensity over its operating 
lifetime. Gradual, long-term contamination of the optical system will also cause a 
decrease in the beam intensity. There may also be slight changes in the laser output 
due ~o slight changes in its power supply. 
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Compensation for PMT aging and power supply changes are also provided. Photomul­
tipliers require hi2b voltages (500.;.1500 V) and the gain is dependent on this voltage. 
For example, a 1 % change in operating volta~c can produce a 6 to 10% gain change. 
The PMTgain is kept constant by operating 1t from a ti2btly regulated, stable power 
supply. This is not completely satisfactory, however,oecause of two other PMr 
phenomena: hysteresis and aging. 

Under constant PMT voltage conditions, hysteresis is. a sfna:s change that ocarrs when 
sudden changes in light input cause internal electric field . due to electron bombard­
ment of the tube walls and insulators. Aging is the ~dua1loss of sensitivity caused by 
bombardment of the photocathode and secondary electrodes by ions generated from 
minute traces of residUal gas in the tube. Even with a ~Qy regulated pmyer supply, 
hysteresis and aging affect the PMT, reducing short-term and long-term precision. 

The PMT is stabilized by measuring the gain and compensating-for any changes. A 
feedback circuit continuously measures the PM[ &ain and removes the hysteresis and 
aging effects by using the operating voltage as a gam-controlling input in the'feedback 
loop. 

The scanning beam enters sensors after sweeping across the wafer. When the laser 
beam enters the Auto-Cal sensor a small portlOn is captured and conducted throu$h 
a fiber optic tube into the fiber optics bunClle and, subsequently, the PMT. A preclSe 
amount of the incoming laser beam is therefore s~8,leo at a rate of 400 times per 
second. During the Auto-Cal time interval, electri y defined as while the beam is 
inside the Auto-Cal sensor, the PMT measures the light conducted by the optical fiber. 
This voltage offsets (adjusts) the PMT gain. 

Because the Instrument sensitivity to particles is also proportional to the PMT 
sensitivity; holding the PMT signal constant during Auto-Cal automatically guarantees 
constant Instrument sensitivity. The PMT control card compares the auto-zeroed 
PMT signal during Auto-Cal with a fixed reference and adjusts the PMT voltage to 
keep thIS signal equal to the reference level. The PMT high voltage is held constant 
dunn& active scans between Auto-Cal and Auto-Zero intervals,. but can .adapt to 
changmg tube parameters that take flace over time intervals greater than 2.5 mil­
liseconds (the tIme between Auto-Ca intervals at 400 scans per second). This is fast 
enough to remove the effects of PM[ aging and greatly attenuates hysteresis effects. 

When new, the PMT operates at a voltage and gain somewhat lower than the "typical" 
value. This provides a gain reserve that allows the PMT control circuit to increase the 
high- voltage, compensating for PMT or laser aging while remaining within safe 
operating boundanes. Protection features shut down the PMT high voltage if excess 
light reaches the tube, if it is damaged, or if it runs out of its gain reserve due to aging. 

Auto-Zero Circuit 
Due to amplifier offsets, drift, and small amounts of stray and ambient light entering 
the detector, the signal voltage presented to the particle and haze NO converters 
would not be zero even if there were zero light scatter from the wafer. The Auto-Zero 
circuit removes this offset (error) signal. 

The Auto-Zero sensor compensates for any light entering through the scan port from 
outside the scan housing. This ambient level entering the fiber optics bundle changes when 
room lighting varies, or other error signals are produced. The Auto-zero circuit has a 
reference also. 
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During the Auto-Zero period, the beam enters an Auto-Zero (AZ) detector which 
generates a logic signal. When the laser beam is on the Auto-Zero sensor, the only 
light present in the fiber optics bundle is the ambient light The only signals presented 
to the electronics are error si2Il3ls. That ambient light and these error signals are 
referenced as the zero point. During the Auto-Zero period, the PMT preamp signal 
is forced to zero at the two NO converter inputs to correct for relatively rapid drifts 
or changes in ambient light levels and drifts ro changes in electronic circuits. 

PMT Signal Output 
There are two types of light scatter that the system measures: relatively high-level rapid 
pulses of light produceaby discrete particles, appearing in the PMT output as a pulse, 
and low-level background scatter due to the nature of the surface of the wafer, 
appearing in the PMT output as a slowly varying DC component called haze. 

A typical PMT output signal is shown in Fig. 2-18. The Instrument uses three levels 
for measurement: (1) the Auto-Zero level discussed above, (2) the DC level from the 
haze of the substrate, and (3) an adjustable threshold level for measuring particles. 

Different ranges of operation can be represented on this figure by expanding or 
shrinking the vertical scale. The range of data collection can be changed by the 
variable PMT gain circuit, or the threshold can be moved up or down. The threshold 
is measured from the baseline of the Auto-Zero level. Iricreasing the particle-size 
range of operation reduces both the DC level and the pulse amplitude. The threshold 
can be set to prevent wafer granularity from overloading the peak detector circuit. 
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Fig. 2-18 PMT Signal 
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T4e variable PMT gain petmits visibility on some films which, because of high 
background light scattering, would not otherwise be possible. By reducing the operat­
ing bIas of the PMT, the variable PMT gain feature allows continued operation in a 
high-scatter environment. The reduced bias also protects the PMT from damage. 

For low-scatter wafers, you can operate the Instrument at maximum PMT gain by setting 
the MAX SIZE parameter to its lowest value, 0.256 J.l m2. At this 100% gain leve~ particles 
of 0.364 J.l m or smaller size and haze levels of 255 ppm or less can be handled. 
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However, some wafers, such as polysilicon or metalized, -have higher levels of scatter. 
Some metalized wafers can scatter enough light to trigger the PMT protection circuit. 
High-gain operation is suspended for these liigh-scatter surfaces. In these cases, the 
Instrument sensitivity must be deliberately lowered This proportionately reduces the 
scattered-light signals from particles and haze, bringing them back into the linear 
measurement range of the Instrument. The computer automatically rescales the 
apparent size of the particles for an accurate Histogram. 
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2.1.6 SIGNAL PROCESSING SYSTEM 

After the scattered light has been collected by the elliptical mirror, transfered by the 
fiber optics bundle, and converted to an electrical si~ by the photomultiplier tube, 
the Signal Processing System can extract the useful fuformation. 

Block Diagram Circuit Theory -Fig. 2-19 
. The PMT current signal, containing the particle and haze information, is converted to 

a voltage by the PMI' preamplifier. The Analog Board uses a video amplifier and 
high-pass filter, for partIcle data, and an op-amp and low-pass filter, for haze data, to 
condItion the PMI' signal before it is presented to the Analog-to-Digital converters. 
The processing of the particle digital data output from the Analog PCB by the 
Preprocessor Board extracts the peak value of each pulse along the scan line. The 
FIFO (First In, First Out) buffer, on the Preprocessor, stores the preprocessed data 
until it can be sent to the pulse position correlator, PPC, for final processing. The 
processing of the haze digItal data output from the Analog PCB by the Slave CPU 
Board is called Haze data. 
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The Y -axis scan (the beam travel) occurs 400 times per second. An 8-bit flash 
analog-to-digital converter is used to change the PMT analog signal to digital form. 
This converter samples at 16 MHz, providmg a conversion of the PMI' signal every 
62.5 nanoseconds. This translates into a distance along the wafer of 21 Ii mJ conversion 
as the scan beam travels. 
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The X-axis translation results from the movement of the wafer by the robotic handler 
arm of the transporter. This moves the wafer at a rate of 1 em! sec, which converts to 
25 p. m between successive scan lines. 

The information from the Y-axis scan and the X axis location is then correlated in real 
time to allow the results to be plotted on the monitor. 

Preprocessing Digital Data 
The laser beam has -a radius of 50 p.m. Since the scan lines are 25 p. m apart, overlapping 
occurs. Referencing Fig. 2-20, imagine that there is a typical particle, such as the 
particle shown, located on the wafer where scan line 7 occurs. A scan across scan line 
4 causes no PMT pulse because the distance from the bright center of the scan line to 
the point where the intensity is negligible is 50 p. m. From scan line 4, a distance of 50 
p. m IS on scan line 6. Since the edge of the beam is not crossing over the particle, the 
z-axis, representing the PMT output amplitude, has no height for scan line 4. 
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Fig. 2-20 Pulse Generation 
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After the wafer advances 25,urn, the beam follows along scan line 5. The lowest-in­
tensity portion of the beam now reaches the }?article and is scattered. The PMr thus 
generates a small output pulse along scan line 5 when the beam passes over the particle. 

Since the NO is converting at a high rate, this pulse is actually converted a number 
of times as the pulse amplitude increases, reaches a peak, and then decreases. H the 
conversion is greater than the 1HRESHOID parameter value, the Preprocessor 
latches onto the maximum amplitude for the pulse. . 

The Preprocessor also classifies Area as larger than 250,um or ex~ 12 counts or scan 
lines. This data is later accounted for by the Summary Data value AREA mm2, the total 
active wafer area covered by Area, measured in square rniIJjrneters. Single counts 
exceeding threshold are accumulated as Particles Total. 

If the data is classified as a PARTICLE, the Preprocessor sends the pe~ magnitude 
and corresponding y-address to the FIFO buffer. H the data is classified as an AREA, 
the data is sent to memory separate from the particle data 

Continuing on scan line 6, 7, 8 and 9 for Fig. 2-21, the beam generates more pulses 
and the latched value of each pulse peak is sent to the FIFO. This process continues 
for the entire wafer: the Preprocessor finds the magnitude and y-address of each pulse 
peak and transfers the data to the FIFO buffer. 

Defect Counting Classification 
Data from the FIFO is passed to the Pulse Position Correlator (PPC). The PPC 
identifies the magnitude and location of each recognized particle. 

This data is stored in system memory so the master CPU can categorize the particles 
into bins and ·~enerate the final results. Depending on the Data Display parameter 
values for particle from and particles to, all particles mayor may not be shown in the 
results. If the ran~e defined by the parameter values include these particle sizes, then 
they are counted In the Summary Data. The Area Zoom permits examination of a 
wafer area to determine the amplitude of a particle and it's coordinates relative to the 

~j wafer map display. 

Sensitivity 
Sensitivity refers to the smallest pulse height that the Instrument can reliably detect. 
Particle sensitivity is stated as 0.2,.t m diameter latex spheres. Haze sensitivity is stated 
as .4ppm. 

Resolution 
The Instrument has two types of resolution: spatial resolution and amplitude resolu­
tion. 

Spatial Resolution 
Spatial resolution is the minimum distance between particles that can be resolved. 
That is, how close two particles can be and still be recognized as separate particles. 
This distance depends on the average intensity of the 50 f1. m diameter laser beam. Two 
particles within the laser spot at the same time will scatter light and generate only one 
PMr pulse. To provide two pulses, two particles must not be within the width of the 
laser spot at the same time. The spatial resolution is therefore 50 f1. m minimum. 



Theory 2-29 

Amplitude Resolution 
Amplitude resolution refers to the measurable difference between amplitudes corr~nd­
ing to two pulses and depends on the range of operation. Since there are 256 divisions of 
the pulse (because of the 8-bit N D), each range can be divided into 256 parts. 

In the most sensitive range, corresponding to 0.;s6 }lm2 full- scale, the resolution from 
one pulse to the next can be as fine as 0.001}lm . This is also the minimum bin width 
for this range that can be shown on the Data Display. Histogram. 

Haze Processing 
In addition to transient signals produced when the laser beam scans discrete particles, 
the wafer may reflect an overall generalized background scatter, or haze. Background 
scatter is caused by the diffuse scattering of incident light resulting from a non-perfect 
mirror surface. . 

For many surfaces, this background scatter is sipcantly lower than the scatter caused by 
a particle, so the particles stand out and are easily counted. However, some surfaces have 
rou~ or granular surfaces which scatter a great deal of light. Compensating by reducing 
the 'PMf gain eliminates the PMf overload and allows the particles to be counted. 

The components of the PMT's signal corresponding to surface haziness normally 
change slowly over the entire measured surface, appearin& as a continuous, slowly­
varying voltage component at the Preamp@er output. This signal is processed by-a 
low-pass filter, input to a medium speed NO converter on the Analog Board, and the 
resulting haze data sent to the central processor through an interface board. ' 

After the scan; the haze data can be extracted to calculate average haze or display a 
map or haze between chosen limits. Average haze (in ppm) is a number representmg 
the haze averaged over the entire measurement area of the wafer. 

Edge Exclusion 
The zone near the edge of the wafer scatters a good deal of light because the edge of a 
wafer is generally rounded and not planar like the bulk of the wafer surface. A large 
specular light signal is directed into the collector when the scanning beam crosses the edges. 
This can add to the particle count, causing a reject even though the center area is acceptably 
clean. This edge exclusion zone is be excluded from measurements. AJ;>proximately 
ring-shaped (Fig. 2-23), this edge exclusion zone applies both to discrete pamcle and haze 
data storage and display, defining an active wafer area within the exclUSIon boundaries. 
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Active Wafer Area 

Front Exclusion 

Edge Exclusion 

Fig.2-21 Edge Exclusion 

A reference for the edge of the wafer is needed to signal the start of the measurement 
This is done by placing a narrow concave mirror beneath the wafer's trave~ plane so 
that when the laser beam is off the surface of the wafer, it reflects into a below-water sensor. 

This sensor, a small photodiode array, generates the edge exclusion signal on a 
scan-by-scan basis using current infonnation about the wafer edge location along the 
scan line and a mathematical model of the wafer shape. 

Substrate Handling System 
The Transporter moves each wafer through the path of the scanning beam for 
measurement. The Transporter may also sort the scanned wafers into the appropriate 

.l-< Receive Indexer, if the Instrument has sorting capabilities and these are programmed. 

A typical measurement cycle starts when the Vacuum Puck grasps a wafer by the back 
side. Holding it steady with vacuum, the Vacuum Puck removes the wafer from the 
Sender cassette, rotates 90 degree and moves into the Scan Housing through the Scan 
Port. The Transporter moves the wafer under the beam. After the wafer has been 
completely scanned, the Transporter reverses direction and places the wafer in the 
correct cassette, depending on whether Sorting Parameters have been selected or not. 

Further information on programming the Instrument for scanning, sorting, and a 
tutorial on these topics can be found in Section 3. 
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3 TUTORIAL AND APPLICATIONS 

3.1 TUTORIAL 

If this is the first time you have used this Instrument, read this section to learn the basic 
operating instructions. By following this hands-on training, you will be guided through 
the most common procedures. 

3.1.1 OBJECTIVES 

By reading and following the steps in this Tutoria4 you will find out how to scan a 
single wafer. You will be led through all the steps to demonstrate the major operating 
controls and features of the Instrument. After learning how to scan one wafer, you 
will be ready to apply the Instrument for real measurements used during maintenance 
and calibration. ThlS Tutorial will show you how to: 

• Power up the Instrument 

• Change parameters 

• Identify the major components 

• Load and initialize a wafer cassette 

• Scan a wafer in Manual Mode 

• Interpret the Data Display 

• Print a hardcopy of results 

• Use the Histogram Cursors 
This example uses a 125 mm (5") wafer in a wafer cassette. The scan results are then 
printed for a permanent record. If you use a different diameter wafer, the procedure 
for changing parameters will help you adjust this procedure for your wafer diameter. 

There are four basic operating states: idle, fetch, scan, and unload. Idle means the 
instrument is waiting for an instruction. Fetch is the phase when the puck picks up a 
wafer. The scan phase is the period while the wafer is taken inside the instrument, 
scanned by the laser, and returned outside. Unload is the phase when the puck puts 
the scanned wafer back into the wafer cassette. 
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3.1.2 POWERING UP 

If the instrument is not already powered up, follow this procedure: 

1. Check that the AC Voltage Selector value, in the small window on the power 
receptacle fuse cover, is the same as the voltage supplied by the power outlet. 

DO NOT POWER UP IF INCORRECT VALUE-see "Section 8 Installation" 
for procedure to change AC Voltage Selector. 

2. If the standard 2O-column or 8O-column printer is connected turn the printer on. 
If a printer is not available you will not be able to print when this tutorial instructs 
you to do so. 

3. Turn the instrument power switch (on the left side of the instrument) to "I" for 
ON. The LED on the keyboard should tum ON. 

Note: For the most precise measurements, allow the Instrument to warm 
up for at least thirty minutes before scanning. You can continue 
immediately with the next page, however, since these are only 
sample measurements. 

The following text uses [KEYNAME] to indicate keys on the instru· 
ment keyboard, ie; [MENU] indicates the menu key. 

<1>i 4. Check that the keyboard is active by pressing the button below and to the left of 
the label MENU. This blank key is the [MENU] key. The one marked NXT is 
the [NXT] key. 

If the Monitor changes from blank or the Data Display to display the Menu, 
the keyboard is active. 

If pressing [MENU] did not change anything, the k~yboard is temporarily 
locked out. Turn the Menu Security Lock, above the Keyboard, to the other 
position. Now the keyboard should be active. Press the [MENU] key again. 

5. Now the monitor should display four Quadrants, labeled Data Collection, Data 
Display, System Configuration, and Sort Parameters. One of the quadrant titles is 
highlighted (displayed as black lettering on a white background). Press [NXT] to move 
the highlighting to each quadrant in tum. The [NXT] key selects the specific quadrant 
for changing parameters. Do not change any parameters yet. 

6~ Turn the Menu off by pressing [MENU]. The Data Display appears when the 
Menu is turned off. 
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7. If the Instrument lacks a HEPA Filter, check that the Purging Vent is closed, or else 
stray light may affect sensitivity. H the Instrument has a HEPA Filter, check that the 
Purging Vent is open and press [HEPA] to turn the fan ON. The bottom line of the 
Data Display, called the Status line, will indicate HEPA while the fan is ON. 

3.1.3 CHANGING PARAMETERS . 
The menu provides choices for operating the instrument. Parameters can be chan&ed 
via the keyboard to allow detailed analysIS of collected data. In this part of the tutonal, 
you'll be shown how to check parameters values and change them. 

The menu can be turned on and off at any time by pressing [MENU]. 

The instrument "falls asleep" after three or four minutes when it is.idle, clearing the 
video monitor to extend Its operating life. To ''wake up" the instrument, press 
[MENU]. 

1. If the Menu is not displayed, press [MENU]. 

2. Press [NXT] until the Data Collection quadrant title is highlighted. 

3. Check the values of the parameters with those shown in Table 3-1. 

MENU • 01 

DATA COLLECTIOH 

E:X:CLUS I OH F~~ ~:: 
SUBSTRATE SIZE : 125 mm 
~~ DEFECT SIZE [~.2]: 256.08 
DEFECT THRESHOLD [~m2J: 12.88 
DATA CORRELATIOH : SIHGLE 
MAX.HAZE 25688ppm DYH.RAHGE 95% 

PR I HTEF~ OUi~~~ 
AUTO PRHIT 
TRANSFER 1100E 
CASSETTE TILT 
SUBSTRATE 
STATUS OI SPLAY 

: SUMMY 
:~ < > 
: OFF 
: SHIGLE 
: OH 
: t.rAFER 

OFF 

Table 3-1 Tutorial Parameter Values 

DATA D I SPLA'r' 

o I SPLAY MODE : COr'lPOS 
DEFECTS[~m2 J FROM: 12.00 

• \. TO: 256. eo 
H I cTriGRAr'l TYPE: PPC --, _.... BIN: 4.titi 

HH··· ?E [ppm] FRON: 1200 
L.o TO: 25608 

UPPER Lll1ITS FOR ACCEPTAIKE 

F' n I l-.I T DEFECTS 
- 11 OEF/cm2 

AREA DEFECTS 

HH ... ·?E AVG. TOTAL [ppm] 
L.. AREA 
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To change a value, press the buttons marked with the "up" and "down" arrows, 
noted as [t] and H), to move the cursor up and down the quadrant's 
parameters. The way the value can be changed depends on whether or not the 
symbols < > are next the be highlighted parameter. 

If the < > symbols are not present, use the numeric keys to type values and 
press [ENT] to enter the change. . 

If the < > symbols are present, use the [ ... ] or [-+] keys to change the listed 
parameter values. As you press the 4- -+ keys, the instrument will list values for 
you to choose. You do not need to press [ENT] to enter these values. They are 
stored as you move to the next parameter choice or as you switch to the data display 
screen. 

Other keys besides [ENT] will enter numbers for a direct entry parameters 
are: [ t ], [+ ], [NXT], [PLT] , or [START]. DO NOT press [START] yet, since 
all the steps have not been done to prepare for the test scan. 

4. Check the PRINTER TYPE parameter. Select 20 COL if the standard 2O-colurnn 
Printer is being used. Select 80 COL if the 80-c0lumn printer is being used. 

5. Check the SUBSTRATE DIA parameter. If you are not going to use a 125 mm 
(5") wafer for the test scan, change this parameter value to match your wafer . 

.. ~ 

6. Press [MENU] to store the changes in menu memory and display the data display 
screen. When [MENU] is pressed after changes are made, the entire menu is 
stored in non-volatile memory (saved even when power is off). [START] works 
to store the changes too, but do not press it yet. 

Identifying Transporter Components 
In order to complete the rest of the necessary parameters in the menu, you must now 
identify the transporter components available for use. 

The components of the instrument's Transporter are shown in Fig. 3-1. This 
transporter system, located on the right side of the instrument, is comprised of the 
handler and the indexers. The puck, attached to the handler arm shown in Fig. 3-1, 
carries the individual wafers from the sender cassette into the scan unit for measure­
ment. Each indexer moves its wafer cassette up or down so the puck can unload the 
wafer depending on the sorting parameters. 

Two configurations of the instrument are available: 

Two-Indexer (with one Sender and one Receiver) or 

Three-Indexer (with one Sender and Two Receivers). 
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TIIAQ( COVE 

(HINGED' 

Fig. 3-1 Transporter System 

TOP 

VIEW 

INDEXER SWITCH (CASSETTE -ON-' 

3-5 

The send indexer is used to hold the wafer cassette filled with wafers to be scanned. 
This indexer is the front one next to the scan housing. The cassette depresses the 
indexer switch, allowing the instrument to verify that a cassette is loaded before trying 
to fetch or unload a wafer. Be sure that the cassette depresses this switch. The receive 
indexer holds an empty cassette into which the sorted wafers are placed. 

Durin~ this tutorial only one cassette will be used to keep programming and discussion 
to a mmimum. Review Table 3-1, on the previous page, and finish programming your 
menu to match this menu. Note that the System Configuration menu's Transfer Mode 
is selected as Single. Single mode selects the send indexer as both send and receive. 
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Scanning Tes~Wafer 
You need a wafer cassette with at least one 5" wafer. There are two types of wafer 
cassettes that can be loaded on the indexer platform: Series PA-72 or PA-l82. These 
need different Locater Blocks as shown in Fig. 3·2. Use the wafer cassette to match 
the type of Locater Blocks installed. 

• 0 • 

• ~ . 
~ 
• ...-. ' ..... 

0 '0 • 

'.,' ~) 0 

72 SERIES 182 SERIES 

Fig. 3-2 Types of Locator Blocks 

To run this test scan: 

• load the wafer cassette 

• initialize the wafer cassette 

• start the scan 

Load Wafer Cassette 
Place the wafer cassette on the tilted sender indexer; platform as shown in Fig. 3-3. 
The wafer cassette must be held securely in place by the locater block. 
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Fig.3-3 Loading Wafer Cassette 

Initialize Wafer Cassette 
The sender indexer allows the puck to fetch a wafer from any slot of the loaded wafer 
cassette. The scanning sequence of the wafers in a cassette may be normal or random. 
For this test scan, you will initialize the wafer cassette so the wafers are scanned in 
normal sequence starting with the top slot, usually 25, and working down to the bottom, 
slot l. 

Press [CASS] to initialize the cassette. 
Press [CASS). The indexer initializes the loaded wafer cassette by lowering it and 
optically detecting which slots are occupied by wafers. This inventory is displayed in 
the Cassette Map Fig. 3-4 with twenty-five boxes stacked vertically. Full slots are 
reve,aled by the slot number inside the box. If there is no number, there is no wafer 
in that slot. 

You must press [CASS] to display the cassette map. If you had not pressed cassette 
and simply pressed [START], the indexer would have move the cassette to the first 
slot contammg a wafer. Scanning would have begun from this wafer. However, you 
should press cassette and initialize for this test scan. 
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Fig.3-4 Cassette Map (showing slots 2, 3, and 15 occupied) 

Initiate Scan 

Tencor SFS 4500 

Press [START]. The indexer will bring the cassette up to the first slot cantaining a 
wafer. If the cassette is full then this would by slot 25. For the example shown in Fig 
3-4 this would be slot 15. 

The puck moves from its home position and slides underneath the top-most wafer. 
The mdexer then lowers slightly to set the wafer on the puck. Using vacuum to grasp 
the wafer, the puck removes it. This is the fetch phase. With SINGLE as the selected 
transfer mode the wafer will be unloaded in the same slot as it came from, so the 
indexer remains stationary. 

Do not remove the wafer cassette from the indexer platform while the wafer is on the 
puck. Always wait until the puck has unloaded and returned to the home position 
before r;:emoving the wafer cassette. 

After fetching the wafer, the puck carries it inside the scan housing for measurement The 
collected data appears on the monitor as the scan progresses. When the scan is done, the 
puck carriers the wafer back to the cassette and then returns to the home position. 

The unload phase now takes place and the puck puts the wafer back into the wafer 
cassette. (If you want to take the wafer cassette off, you can do that now.) 

The test scan is done. Now you can interpret the results displayed on the monitor. 
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3.1.4 INTERPRETING PLOTTED RESULTS 

A plot of the wafer appeared on the monitor during the scanning phase. This data 
display can be exammed in more detail by addin2 or delet!ng the particle map, 
histogram, or haze map. These three types of disprays are selected by pressing tlie 
yellow, orange, or blue key correspondiri& to the color of the overlay displayed on the 
screen. Toggle an overlay ON by pressing Its color-coded key; towe It OFF by pressing 
the same key again. Any or all tbese overlays can he displayeOiogether on the data 
display or the menu. 

Defect Map 
Toggled with [YELLOW], the particle map (Fig. 3-5) shows the outline of the wafer 
around a blank. ring. Data is not collected in this bfank. edge exclusion; zone. The 
remaining area is called the active wafer area. The position of particles in the size 
range between the PARTICLES FROM and PARTICLES TO parameter values are 
displayed in the active wafer area as yellow display pixels. 

Fig. 3-5 Particle Map 
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Histogram 
The orange histogram (Fig. 3-6) presents a vertical-bar distribution cwve of the 
number of particles in discrete size lristogram bins. Particle size along the horizontal 
axis is broken into bins for the range from data display parameters PARTICLES 
FROM and PARTICLES TO. De~ a small range ofJ?articles, the bin width is 
also one of the data display parameters. The number of particles in each bin is plotted 
vertically. The horizontal range is set by the values of the data display parameters; 
the Instrument automatically sCales the vertical range fOT the most useful histogram. 
This overlay is toggled with [ORANGE]. 
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Fig. 3-6 Histogram 

Haze Map 
The haze map (Fig. 3-7) displays the haze within the active wafer area. Areas with 
haze levels within the range set by the HAZE FROM and HAZE TO parameter values 
are displayed in blue. Haze is useful for judging the wafer's overall surface roughness. 
This overlay is toggled with [BLUE]. 
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Fig. 3-7 Haze Map 
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Interpreting Summary Data 
The area along the left side of the data display is called the summary data. The 
summary data IS always displayed by the data display even if all the color overlays are 
toggled off. 

Point Defect 
This is the measured number of particles within the range set by the data display 
parameters PARTICLES FROM and PARTICLES TO. 

Summary Histogram 
This table has two columns, one for "range" and another for "number". The range is 
similar to the individual bins of the histogram overlay but groups many bins together. 
Next to each range is the number of particles within that group of bins. This data is 
taken from the region between histogram cursors on the orange liistogram (more about 
histogram cursors in "analyzing scan"). 

Mean and Standard Deviation 
The mean value is the mean size of the particles shown by the summary histogram. 
Standard deviation describes the distribution around the mean. 

Haze Average Total 
This indicates the total integrated scatter. 

Parameter Values 
Near the bottom of the summary data, values for the data collection and data display 
parameters are shown. These indicate the conditions for the collection and display of 
the summary data. 
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3.1.5 PRINTING 

In this part of this tutorial, you'll be shown how to print out the test scan results. 

1. If a 2O-column printer is used, check that its serial signal cable is connected. Check 
that its power cord is also connected. If an 8O-column printer is used, check that 
its parallel signal cable is connected and the printer-are powered up. 

2_ Display the menu and check these parameters: 

PRINTER OUTPlIT: SUMARY 

PRINTER TYPE: set to match printer 

3. Return to the data display. 

4. Press [PRINT]. (The white key.) 

The printer should now be printing the summary data. The standard 2O-column printer 
can print only this summary data or the short summary. With an 80-c0lumn printer 
any available printout can be selected by changing the printer parameters. 

A sample printout is shown in Fig. 3-8. The numbers on your printout will be different 
. than the ones shown here. Save your printout to compare With another one you Will 

make later in this tutorial. 
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ID# * 1 

POINT DEFECTS: 2277 
POINT DEF/CM2: 16.3 
AREA DEF: 1 . QJMt12 

HISTOGRAM: 
l2.00- 36.00: 2081 
36.00- 60.00: 8L 
60.00-· 84. (£)0: 4 1 
84.00-108.00: 26 

108.0121-132. 0Ql: t 5 
132.00-156.00: 13 
L56.00-190.00: 1~ 

18~.00-204.0~: 4 
204.00-228.00: 0 
228.00-252.00: 0 
252.00- UP: 5 

MEAN: 21.~0 

STD.DEV: 24.~0 

HAZE AVG.TOT:(100PPM 
HAZE AREA~ 0% 

i-lAX DEFECT: 
THRESHOLD: 

256.00 
12.00 

DEFECT: 12.0G-256.~0 

BIN: 4. Ql0 
HAZE: 120~- 25600 

ACCEPT 

Fig.3-8 Sample Printout of Summary Data 

Analyzing Scan 
The easiest way to analyze the scan is with the histogram cursors. These can be used 
only while the histogram is on the data display. 

Another way to analyze the scan is by changing parameter values. There are two ways 
to analyze the wafer by changing parameters: (1) change the data display parameters 
and; (2) change the data collection parameters and rescan. 
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Using the histogram cursors or changing the data display parameters does not require 
rescanning since these techniques only change the set of displayed data. However, if 
the data collection parameters are changed, the wafer must be rescanned to collect 
the newly defmed range of data. 

Use Histogram Cursors 
The histogram cursors are the two white vertical bars on the orange histogram. These 
histogram cursors can be moved to analyze the histogram and particle map. The 
summary data's summary histogram uses the region between the histogram cursors for 
its data set; therefore, when the histogram cursors are moved, the summary histogram 
is automatically updated. Additionally, the particle map, hHistogra~ and the 
remainder of the summary data can be replotted to display only the data included 
between the histogram cursors. 

1. While the data display is on the monitor, the movable histogram Ctirsor is shown 
by a small marker attached to the bottom of the dashed white vertical bar. ' Press 
[SEL] to switch to the other one whenever you want to move it. For now, select 
the right-hand one. 

2. Press [~ ] or [- ] to move the selected histogram cursor back and forth over the 
histogram. Leave it about a third of the way from the right-hand edge of the 
histogram. Notice that the summary histogram has changed. 

3. Select the left-hand histogram cursor and move it toward the right histogram 
cursor. Move it until it "hits" the other one. Now they both move together as if 
the left-hand one is pushing the right-hand one. The minimum spacing between 
these histogram cursors is equal to the current bin width. Notice that the summary 
histogram now shows the numerical contents of the single bin. 

4. Move the histogram cursors so they are about ten bins apart. 

5. Replot the histogram by pressing [PLT] . The new histogram is a "magnified" 
display of the previous one. 

6. Display the particle map - it now displays the particles for the range defined by 
the...replotted histogram. You can rapidly isolate the positions of particles in one 
or more bins by this technique. 

7. To return the histogram cursors and the data display to the original setting, press 
[ART]. (The histogram must be displayed for [ABT] to erase replotting. 
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3.1.6 TUTORIAL SUMMARY 

What You Learned 
By now, you have worked through all the objectives listed on the first page of the 
Tutorial: 

• Powering up: toggle one 'sWitch and plug in Printer. 

• Changing parameters: move the cursor to the parameter of the Menu and 
enter a new value. Scan, rescan, or replot. 

• Identifying components: the major parts used are the Keyboard and the 
Indexer; Platform(s). The Handler robotics manipulate the wafers. 

• Loading and initializing: load the wafer cassette on the Indexer platform 
and press [CASS]. 

• Scanning in Manual Mode: press [START]. 
• Interpreting the Data Display: look at the Particle Map, the Histogram. 

the Haze Map, and the Summary Data. 

• Printing: press [PRINT]. 
• Using Histogram Cursors: press keys [SEL], [-] or [-], and [PLT]. 

These are the basic techniques of operating the Instrument. Other functions can be 
done by changing parameter values m the four Menu Quadrants and using other keys 
on the keyboard. 
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4 SYSTEM OVERVIEW AND DESCRIPTION 

4.1 FUNCTIONAL BLOCK DIAGRAM AND DESCRIPTION 

The functional block diagram shown below in Fig. 4 .. 1 is a basic block diagram of the 
Surfscan 4500 instrument. It illustrates the basic connectivity of the instrument and 
the individual PCBs necessary to operate a Surfscan. 

The following chapters of this section provide the details of each PCB necessary for 
maintenacne and repair of the instrument. 

STDBus 

1 1 I 
Matrox DRAM/ Main 

Graphics EPROM zao Slave 
PCB Memory CPU zao I--

I 1 
CPU 

Sony/ .--

~ Mitsubishi 
Printer Monitor 

PPC S Instrument PCB 
Power I-- Bu 

Supplies 

Handler Indexer(s) I Keyboaro I PCB PCB PCB 1 

T , 
1 

Pre-
Processor I--

Host Distribution PCB 

Computer PCB 
~ 

or PC 

I 1 I 
SECsll PMT I/O Analog 

Interface Control I-- PCB PCB 
PCB 

I I J 
SID Bus 

Fig. 4-1 Functional Block Diagram 



4-2 Tencor SFS 4500 

4.2 I/O PROCESSOR 

General Information 
The 1/0Processor section is formed by three system components utilizing the I/O PCB 
as the information center for colleCting, processing, ana disperment of information. 
The three system components making up the I/O Processor are: 

1. The Keyboard PCB. 

2. The I/O PCB. 

3. The Wafer Handling System. 
The Keyboard PCB initiates an instruction sequence through its depress keys. The I/O 
PCB reads the Keyboard instruction and routes the instruction through tile standard 
(SID) bus for data processing. Instructions are forwarded from the system operating 
software to the I/O PCB. The I/O PCB routes the instructions to the Wafer Handling 
System for execution. 

The Wafer Handling System executes instructions from the 1/ 0 PCB. It has a self 
monitoring functioruU. status for real time progress information. 

8749 
MAIN [)().Q7 

MICRO 
KEYBOARO ~ CPU 

CONTROU..ER 

~ INDEXER 0+-

-
[)().Q7 

'---+ 
HANDI£R P+-P10 • P17 

BOARD SELECT 

PAG-PA7 DISTRIBUTlON 
PtO 

PBlH'B7 PCB 

Fig. 4-2 1/0 Processor Block Diagram 



Overview & Description 4-3 

4.2.1 I/O PCB 

General 
The I/O PCB interfaces the I/O Processor and the Measurement Processor subsys­
tems. 

I/O PCB Functional Description 
The I/O PCB uses an Intel 8749 Microcontroller for data management and instructions 
processing. The Microcontroller is used to interface the Main CPU to the Keyboard, 
the Indexers, and theHandler. The PIO, programmable I/O, is used for data collection. 
Its major responsibility is to monitor the system status from the Distribution PCB. 

Both the 8749 Microcontroller and the PIO have 8-bit data lines, 00-07, for bi-direc­
tional communication with the main CPU. Both ICs also have dual8-bit program­
mable ports for subsystem communication. 

The programmable ports for both the 8749 Microcontroller and the PIO are individual­
ly programmed to receive or send data. 

System Communication 
Communications between the Main CPV PCB, the Z80 Microprocessor, and I/O PCB 
is routed through the STD bus. Data lines DO- D7 provide integral communication 
between the 8749 Microcontroller, VI, the PIO, U2, of the I/O PCB, and the Main 
CPU PCB. 

Communications between the PIO, U2, and the Z80 microprocessor is handled by 
enabling the INTRQ* and IORQ* address lines. 

Communications between the 8749 Microcontroller, Ul, and the Z80 microprocessor 
is actived by enabling the chip select line to the data latches, U12 and U13. U13 is 
designated as the input data latch to the 8749 Micro-Controller. U12 is designated as 
the output data latch. 

Communications between the Keyboard, the Indexers, and the Handler PCBs to the 
II 0 PCB is bussed through the bl-directional data latch, U14. Input data, from the 
8749 Microcontroller to the Keyboard, the Indexers, and the Handler PCB is control­
led by the control lines going to the output buffer, V15. The control lines, at V15, 
IOAO, IOAl, and IOA2 are used to enable the input data latch to the three PCBs. 



4-4 Tencor SFS 4500 

The data accessing lines lORD·, IOWR·, SOBF·, and SIBF· identifies where the data is 
drawn from. 

The control line PINT* is used by the individual Micro- Controllers, the Keyboard, the 
Indexers, the Handler, and the II 0 PCBs, to signal each other that it has data for it to read 

System Status Transfer/The PIO 
The PIO provides the status report communication between the Distribition PCB and 
the Main CPU. Status report information from the Distribution PCB are bussed to 
the programmed lines PAO- P A 7 of the PIO. 

The Key switch is monitored on line PBl. The Hepa Filter On signal is driven from line PB2. 

Counter(fimer Chips 
The Counter!fimer Chips provides four independent, programmable channels for 
either software or hardware controlled counting and timmg function. Presently, they 
are not used. 

1/0 Bus 
to 
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t 
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4.2.2 · KEYBOARD PCB 

General 
The Keyboard is the user interface for sending various commands to the Surfscan. 
Upon depressing an individual key on the speciaIly designed keypad, an instruction is 
transferred from the keyboard to the I/O VCB for execution. 
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Fig.4-4 Keyboard PCB Functional Block Diagram 

Keyboard PCB Functional Block Description 

P20 - P27 

SCAN 

DE-eOUNClNG 

SWITCH ~ 
7 X 8 MATRIX 

P10 - P16 

DRIVE 

The Keyboard PCB uses an 8749 Micro-Controller, Ul, to identify the depressed key and 
relay the corresponding instructions to the II 0 PCB. U3 and U4 provide bi-directional 
buffering of the Micro-Controller data lines DBO through DB7. All communications from 
the Keyboard to the II 0 PCB take place on the II 0 Data Bus_ Refer to Fig_ 4-3. 

Key Press Detection 
The, Intel 8749 Micro-controller provides for key-press detection and instruction 
distribution. The two 8-bit programmable ports are used to create a seven-by-eight 
matrix array to identify a depressed key. 
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Keyboard de-bouncing switches are interfaced to the Micro-Controller matrix array. 
Each row and column is represented by a se~arate port line to the 8749 Micro-Con­
troller, Ul. The programmable port lines PIO-P16 are desi~ted as drivers. The 
programmable port lliles P20-P21 are designated as scanners. The 8749 Micro-Con­
troller identifies the depressed key by driving each row of switches while scanning each 
column for a short condition. 

Control Data Lines 
The control line PINT- is the processor interrupt line to the I/O PCB. When this line 
is low, the I/O PCB knows the Keyboard has key-press data for the I/O PCB to read. 

The control lines lORD·, IOWR·, IOAo, IOAI, and IOAl are used to enable the data latch 
for input/output data transfer. 

The control lines SIBF· and SOBF· identifies whether the data to the I/O PCB 
Micro-Controller is an input or an output. 

Table 4-1 identifies each individual control line and their definition. 

CONTROL LINE CONTROL NAME DEFINITION 

PINT* Processor Interrupt Causes a Micro-Controller 
interrupt mode for I/O 
instructions or data. 

10RD* I/O Read I/O read strobe of KeyJ>oard. 
10WR* I/O Write I/O write strobe to Keyboard. 
IOAO-A2 I/O Address Lines System I/O Address lines used 

for selectiong various I/O 
peripherals. The Keyboard has 
address O. 

SIBF* Input Buffer Full Indicates the Input buffer has 
Signal Data during an I/O write. 

SOBF· Output Buffer Full Indicates the Output buffer has 
Signal Data during an I/O read. 

Table 4-1 Data Une Chart 
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4.2.3 PMT CONTROL PCB 

General 
The PMr Control PCB is used to convert three o~rator pro~ed parameters for 
measuring the wafer~ty area outline, and for adjustmgthe seDSltivity of the light collection 
optics, the Photomultlplier Tube (PMf). The three programmable parameters are: 

1. The Edge Exclusion 

2. The Front Exclusion 

3. The Max Defect Size 
It also cont~ t~e circuitry to check ~d compensate calibration drifts due to aging 
components WIthm the OptICS electrorucs. . 

The three functions provided by the PMT Control PCB are listed in Table 4-2. 

1. Generate Measure Gate and Width Threshold Signal 

2. Allow general calibration adjustment to calibration standard parameters 

3. Check and compensate for calibration drift 

Table 4-2 PMT Control PCB Functions 

On Wafer Gate 
J.J..1 , ~ 

8749 00-07 
Counter 

Micro Timer 

Controller I+- Chip 

I 00-07 I I 

RAM STD 

AO-A7 
Slave 

Memory 
CPU 

PCB 
t 00-07 

I Oigital/ STO 00-07 

Analog 
PMTOut 

Converter 

Fig.4-5 Functional Block Diagram 
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PMT Control PCB Functional Description 
The PMT Control PCB uses a RAM Ie, Ull, for external interface with the Slave 
CPU PCB. The RAM IC is activated 'by the II O-PCB. The RAM me:Zs IC contain 
a data table to calculate the Measure Gate and Width Threshold Si . The two 
8253A Counter Timer Chips (CfC), U13 and U14, .aenerates both the Measure Gate 
and Width Threshold signals from the data table WIthin the RAM IC. 

The 8749 Micro-Controller, U12, translates the data instructions from the Slave CPU 
PCB for processing. The data instructions, located in RAM memory, consist of the 
length of the Edge Exclusion, and the sensitivity range of the PMT. The digital signal, 
containing the sensitivity range of the PMT, is channelled to a D/ A Converter, U27 
and U7, to set an appropriate drive voltage to the PMT. 

8749 Micro-Controller 
The 8749 Micro-Controller, U12, is used for communication interface With the Slave 
CPU PCB. The 8749 Micro-Controller has an 8 bit input data line, DBO-DB7, for 
bi-directional communication interface. It has two 8 bit programmable input! output 
ports, PIO-P27, for instruction distribution and system response. 

Communication interface between the Micro-Controller and the Slave CPU PCB is 
channelled through the RAM memory, UII. The RAM memory is activated by the 
Ii 0 PCB through the RAM Select* line. Contain within the RAM memory is the PMT ,'. 
gain data, and a data table relating the Measure Gate signal length to the On Wafer 
Gate Signal. 

8253 Counterrrimer Chip 
The 8253 Counter/ Timer Chip (erC) generates two important timing signals. The 
two timing signals generated are used to define the wafer edge exclusion. The wafer 
edge exclusion is used to outline the quality area of the wafer for defect measurement. 
The two timing signal generated by the two Counterffimer Chips, Ul3 and U14, are 
the Measure Gate and Width Threshold signals. 

The active time duration of the Measure Gate signal is determined by the data table 
located in RAM memory in reference to the length of the On Wafer Gate signal. The 
data table located in RAM memory is generated by the Slave CPU PCB. 

The Width Threshold signal is the measured difference time period between the 
Measure Gate signal and the On Wafer Gate signal. The Width Threshold signal 
defines -the wafer edge exclusion. 
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D/A Converter 
The D/A Converter, V7, is used to change the operator programmed Max Defect Size 
setting from a digital signal to an analog signal. The arialog signal is used to step the 
DClDC converter, at the power supply drawer. to increase or decrease the sensitivity 
to the PMr. The stepping function is controlled through the switches at U16, U19, 
and U21. These switcnes controls the feedback gain of the PMT. 

The Max Defect Size information from the Slave CPU PCB is routed through the SID 
bus to the inl?ut of the data latch, V6, of the PMr Control PCB. This Max Defect Size 
information IS then clocked by a 4-line-to-IO-line decoder, U27, to the D/A converter, 
V7, for signal conversion. 

PMT Gain & Auto Calibration for Calibration Drift 
The use of Fine Calibration and Auto Calibration for Calibration Drift instills 
confidence and accuracy in measurement of the surfscan. Calibration drift is con­
tinously compensated and corrected by comparing the PMT Preamp Out signal to the 
D/ A PMT Gain signal. 

The Preamp Out signal is offset to zero during Auto-Zero at V18. Both the Preamp 
Out, minus the Auto-Zero offset, and the PMT Gain signal is amplified and summed 
with a DC offset at V21-pin 2. These combined signals are routed to an Integrator, 
U22, during the Auto-Cal pulse to compensated for sensitivity drifts that may have 
occurred. The output of the Integrator is inversely proportional to the summed signal 
voltage at V21-pin 2. 

Fine PMT Gain adjustment for calibration is accomplished through the trimpot R28. 

PMT Shutdown 
To prevent possible damage to the PMT, a failsafe monitorin~ system has been 
incorporated in the design of the surfscan to increase its longevity. There are 3 possible 
events that can cause the PMT to shut down. 

1. PMT Out signal exceeding 1 volt DC; monitored at U25-pin 4 

Cause: Excessive light scatter 

2. PMT drive signal exceeding 12 volts DC; monitored by the distribution PCB at 
U18-pin 6 

Cause: DC! DC power supply to the PMT is at its maximum setting before 
damage incures 

3. The magnetic interlock switch at the scan hood is open. This prevents the PMT 
from being damage from excessive light when the scan hood is removed. 

4.2.4 DISTRIBUTION PCB 

General 
The Distribution PCB is a Tencor designed PCB integrated with many different functions. 
Its integration of the drive and controls for the various active devices make this PCB an 
excellent starting point for system checkout, status monitoring and troubleshooting. 
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The Distribution PCB interacts with the major active devices responsible for producing 
the raw scan signals from a substrate. Because of the Distnbution ]JCB's interaction with 
these active devices, and the PCB's easy access to cirarits, the PCB is covered in great 
detail 

The four active devices in the Scan Unit are as follows: 

1. The He-Ne Laser 

2. The Oscillating Scan Mirror 

3. The Photomultiplier (PMI') 

4. The Key Sensors Auto-Zero, Auto-Cal, Below Wafer . 
In its interaction with the active devices, The Distribution PCB has seven major 
functions shown in Figure 4-5. 

1. Provide regulated DC power to other sub-systems 

2. Provide Scan Mirror Drive and Control 

3. Laser Check and Enable 

4. Generate System Timing 

5. . System Status Indicators 

6. Photomultiplier Tube (PMI') monitoring and power 

7. System Bussing 
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Fig.4-6 Distribution PCB Block Diagram 

DC Power 
The DC power provided is regulated and filtered to contain less than 100 millivolts of 
AC rippfe. 

DC power is drawn from the Power Supply Drawer and is routed to the Distribution 
PCB through the "1" connector cables 110,111,113,131,132, and 133. For convenience, 
voltage test pins are located on the bottom left hand corner of the Distribution PCB 
for easy access in measuring voltages. 
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Each "1" connector supplies specific voltage(s), reference 1 Connector Power, Table 4-3. 

CONNECfOR POWER 

110 + 5 volts DC 

111 DC ground 

113 + 12 volts DC -
131 Analog ground 

J32 + 12, - 12, and - 5.2 volts DC 

133 + 33, + 24, and + 12 volts DC 

Table 4-3 J Connector Power 

Scan Mirror Drive and Control 

General Description 
The Scan Mirror is used to provide a vertical raster scan over the substrate. After each 
scan, the substrate is stepped forward until the entire substrate is completely scanned. 

There are three objectives which the Drive and Control Circuits must maintain, 
Under-scan, Over-scan, and Scan Anplitude!Frequency Stability. 

Under-scan indicates the Scan Amplitude is not great enough to reach the System 
Timing Sensors. Over-scan, which is the opposite condition; indicates the Scan Length 
is too great surpassing the System Timing Sensors. Over-scan can be a very dangerous 
conditlOn in that the mirror may become highly unstable and cause damage through 
excessive vibration. The third objective is Scan Mirror/ Frequency Stability. Scan 
Stability is important in maintaining stable timing functions. 

Start Up (positive Feedback) 
Initial drive voltage to the Scan Mirror is supelied when the Scan Mirror Sense coils 
pick up the Scan Mirror's naturally occuring Vlbrations. The vibrations are converted 
mto a. sinuspidal. signal, inverted and p'remplifi~d by U17-Pin.1, the Loop G~in ~p. 
The SIgnal IS re-mverted and re-amplIfied and 15 fed back to Itself at the Dnve COIls, 
Jl5-Pin-1. Once Self-Start occurs, The Scan Amplitude Drivers, U19-Pin 10 & 12 
provide the Amplitude swing to reach the sensors. The voltages are summed with the 
Feedback Sine-Wave produced by Q1. D5 and D6 switch the positive and negative 
halves of the Sine-Wave to the Positive and Negative DC Offset created by the Scan 
Amp Drivers, U19. 
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R52, the Loop Gain Potentiometer, sets the gain factor for VI7 and subsequently, the 
strength and ability of the Scan Mirror to Self- Start. 

The Feedback from the Sense Coils and the Drive Signals must be in phase to ensure 
that the Scan Mirror is driven continuously. 

Continuous drive to the Scan Mirror is maintained in this manner, using positive 
feedback drive. The settings for the Loop Gain Pot, R25, in conjunction witli the Scan 
Amplitude Pot, R52, determine whether the Scan Mirror will self-start and whether 
the scan amplitude will reach both sensors, Auto-Zero and Auto-Cal. 

Scan Mirror Stabilization (Negative Feedback) 

The Scan Stabilization Circuitry provides control over two items: 

1. On Start-Up, the initial swing of the Scan Mirror must be monitored and then 
dampened to prevent damage to the Scan Mirror. . 

2. Once the Scan Mirror is oscillating, the Scan Stabilizer must regulate the Scan 
Amplitude!Frequency. 

Scan Stabilization is achieved with UI7-Pin 7, an inverting integrating 
amplifier. 

Start-Up Control 
Upon Power Up, the initial drive to the Scan Mirror is operating in ()pen-Loop mode, 
WIthout negative feedback. Negative Feedback, which provides a Dosed-Loop System, is 
used to control and regulate the Scan Amplitude. However, Negative Feedback to the 
Scan Mirror Drive will not be present until the laser scan reaches the Auto-Cal Sensor. 

The Scan Mirror will Over-scan the sensors momentarily, producing two pulses. The first 
pulse indicates the initial period of the laser beam on the AC sensor. The second pulse is 
produced as the laser beam over-scans, comes off of the AC sensor, and then back-scans 
over the AC sensor again, as the laser beam returns towards the Auto-Zero sensor. 

The Pulse Width Monitor, U7, a re-triggerable One-Shot, checks for the Double 
Pulsing condition. 

Under normal conditions its output at Pin 5 will produce a clock pulse determined by 
C26 and R64. The Clock Pulse IS 800 f-lS long and is triggered by the AC pulse which 
occurs at a 400 Hz rate. The Clock pulse is used by U11 the D Flip-Flop to maintain 
a SET condition (Q Output = 1). 
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However, as the laser beam over-scans the AC sensor, the second pulse causes a 
RESET (0 Output = 0) to U11. The RESET condition closes the FET Analog Switch, 
US, until the next AC pulse of the next cycle occurs. The switching of +5V to the inJ?ut 
of the inverting integrating amplifier, U17-Pin 6, causes a sharp increase in negative 
voltage. This sharp increase serves to "dampen" the Scan Amplitude by reducing the 
offset voltages produced by R52 at U19. Ull will stay in the RESEr condition until 
the Scan Amphtude shrinks where Over-Scanning is no l?nger occurring. See Fig. 4-6. 
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Fig. 4-7 System Timing with Wafer 
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Scan Amplitude/Frequency Stabilization 
Another important function of the Scan Mirror Amplitude Regulator, UI7-Pin 7, is to 
maintain the Scan Amplitude/ Frequency once Start-Up is achieved. Without a stable 
Scan Amplitude/ Frequency, System Timing at 400 Hz will fluctuate. A jagged wafer 
outline dISplay is a typical symptom of this problem. 

Once the laser beam reaches the AC sensor, the AC pulse enables the Negative 
Feedback Circuitry to regulate the scan amplitude. -

The amount of ~fative Feedback is determined by the time period of the laser beam 
upon the Auto- Sensor. Typically, the singular AC pulse sliould last approximately 
250 ",s. Regulation and maintaining the Scan Amplitude is achieved by injecting the 
Digital Auto-Cal pulse into the Scan Amplitude Re~ator. Regulation of the Scan 
Amplitude is inversely proportional to the width of the AC pulse. If the Scan 
Amplitude begins to expand, the AC pulse will expand proportionately to make the 
output of Ul7 more negative; immediately reducing the Scan Amplitude to its 
quiescent state. 

The Closed-Loop system settles after a few iterations producing a very stable regulat­
ing DC voltage at the output of U17-Pin 7. Minor variations In Scan Frequency are 
compensated rapidly with this setup_ 

A window comparator circuit, U14, determines whether there is a proper amount of 
negative feedback applied to the Scan Amplitude for stabilization. U14, has a window 
set up by the Voltage Dividers, R72, R75, and R71. U14-Pin 7 is set at +10.5Vand 
U14-Pin 8 is set at + 1.5V. With the input voltage divider set by RIOI and RlOO, limits 
are set on the output of U17-Pin 7 whereby the Scan Amplitude is considered stable. 
The limits dictate the acceptable output of U17, the Scan Amplitude Re~lator, as 
measured at TP7, must rest between 9 V. If the output of UI7 falls outside of this 
window, the STABIUZER HAPPYSTATUS at UlO-Pin 6, switches to a fail state and causes 
an interrupt to the ZSO processor. 

Typically, the voltage at TP7 (U17-Pin7) is set around -2V. This is achieved by the 
settings of R25 (Loop Gain Pot) and R52 (Scan Amplitude Pot). The two settings 
affect each other directly. (For instructions on setting these electronic alignments see 
SECTION 7.1.2). 
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Key SensorlPhotocell Processing 

Key SensorsIPhotoceU 
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The Key Sensors in the Scan Unit are made up of Silicon Photocells. The Auto-Zero 
and Auto-Cal sensors are positioned at both ends of the Scan LenJnh. and are 
side-mounted within their light integrating drums. The Below Water ·Sensor is 
mounted on an adjustable bracket underneath the wafer scan plane. All the sensors 
are biased with -5.2 volts at the cathode for improved sensor response. 

Scan System Timing 
Timing for the Main Scan System is determined by the three key sensors AZ, AC and 
BW. System timing is determined by the scan rate which is 400 Hz. 

The three signals, AZ, BW, and AC are source .signals used to enable Automatic Zeroing 
and Automatic Calibration of Measurement Circuits, as well as provide synchroniza­
tion for scan data collection. 

AID Interfacing 
The main pU!p0se of the ND Interface is to convert the analog sensor si,gnals to Digital 
signals. As DIgital signals, they are then used to generate System Thmng Signals and 
Status Indicators. 

The N D Interfacing Circuits are somewhat identical for all three sensors. For 
convenience, we will only cover the Auto-Zero section. 

The AZ ND Interface is made up of the following circuits: 

U22 A HF Filtered inverting amplifier 

D1 & Cl A Peak Detecting Circuit 

U16 An Inverting Variable Level Comparator 

Assuming the laser intensity is adequate and the scan amplitude stable, the analog 
output of U22 consists of a + 10 to + 12 volt 250l'-s pulse. The analog pulse is applied 
to C7 through Dl. Cl, a .1uF cap, charges to V-Peak minus the Dl diode drop. Cl 
maintains this charge since D 1 opens as soon as the analog pulse drops to O. 
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V -Peak, of the Analog Pulse at U22-Pin 6, is primarily dependent upon the intensity of the 
laser; the greater the intensity, the greater the amplitude of the Analog pulse. U16, the 
Inverting Variable Level Comparator, compares the input analog pulse, at U16-Pin4, with 
a variable DC level determined by V -Peak of the Analog Pulse. The variable DC level is 
divided in half by R5 and R6. 04, a IN914 Diode, ensures the non-inverting input of each 
comparator is at +.7 volts. The diode prevents false Digital Signals from occuring, when 
the Analog Pulse produces ringing as it drops to 0 volts. By usmg a variable voltage level 
for comparison, a digital AZ pulse can be created ~thout being dependent on the laser 
intensity. Reference the Typical Vpeak Detector, FIg. 4-7. 
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Auto-Zeroing & Auto-Calibration (Negative Feedback) 
During AZ time, the Surfscan undergoes a Zeroing process whereby the ambient noise 
level si~ are measured and removed for the next subsequent scan. This is 
accomplished by measuring the PMT output while the laser beam is within the AZ 
sensor. At this time, a dark level noise signal is produced by the PMT along with its 
associated circuits, such as the PMT Pre-Amp and PMT Drive. It is this dark level 
noise which must be subtracted previous to the next scan to assure measurement 
consistency and precision. -

The Surfscan re-calibrates the PMT Drive during AC time, also to ensure consistency 
and precision. As the laser beam intensity decreases or measurement circuits become 
unstable with age, Auto-Calibration compensates for these minor drifts in measure­
ment sensitivity. This occurs after the beam has performed Auto-Zeroing and scans 
the wafer. Upon reaching the AC sensor, the beam produces an integrated amount of 
light within the AC sensor. The integrated light scatter is monitored by the PMT via 
a Fiber-Optic line. The analog ACl>MT Pulse is used as a reference to make fine 
adjustments to the PM[ Drive_ As the amplitude of the AC PMr Pulse increases or 
decreases, with circuit instabilities and laser aging, the PMr Drive is inversely 
comp~~ated to decrease or increase respectively to maintain a constant level of 
sensItIVIty. 
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Key Timing Signals 
From the three .key sensors various ~ and synchronization signals are generated. 
Listed in Table 4-4 are the Key Timing Signals with a shortsnrnrnary of their major function. 

ABBREV. SIGNAL NAME SIGNAL FUNCI10N 

AZ Auto-Zero Re-Zeroes Measurement Circuits 
BW Below Wafer Determines Outline of Substrate 
AC Auto-Cal Re-Calibrates the PMT Drive/Sensitivity 

VS Vertical Sync Generated by AZ & BW. Generates MA in 
the Pre-Processor PCB. 

MA Memory Accumulate Generated by VS. Data is taken and 
recorded during_ MA. 

BS Beam Sync Generated the falling edge f MA. as is used 
to step the trolley motor after each scan. 

OWG On Wafer Gate Generated by BW and MA. OWG indicates 
when the laser is on the wafer. 

Table 4-4 Key TIming Signals 

Vertical Sync (vs) is generated usingAz and BWto drive an RS Flip Flop, VIS. The 
vs signal is routed to the Preprocessor PCB where Memory AccUImilate (MA) is 
generated. MA defines the begmning of the data collection period. The Beam Sync 
(BS) pulse is created with the falling edge of MA at the one-sliot Timer, V9. It is used 
by the Handler to step the trolley motor immediately after each scan pass. 

Utilizing both MA and BW, at the inputs of the NAND Gates VIS pin 10 and pin 9 
respectively, On Wafer Gate (OWG) signal is ~enerated. This signal indicates the 
period when the laser beam is on a wafer. ThIS signal defines the period of time to 
synchronize actual data collecting with the scan itself. 

The,OWG signal ~enerates both Measure Gate (MG) and Width Threshold (M") signals. 
Measure Gate SIgnal along with Width Threshold signals indicate and define the Edge 
Exclusion area where data collecting is not to take place. 

System Timing created by Auto-zero, Below Wafer, and Auto-Cal are shown on Fig. 4-6. 

Status Monitors and Indicators 
Status Indicators LEDs are located on the top left hand corner of the Distribution 
PCB. Green LEDs indicate the status condition is good and are normally on. Red 
LEDs indicate missing system timing signals or instability and are normally off. All 
status data is transmitted to the IJ 0 PCB. If a failure occurs, it generates an interrupt 
to the Z80 CPU and halts the system until the failure is corrected. 
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There are twelve status indicator LEOs. Eight of the status indicators 'are driven by 
re-triggerable one shot multi-vibrators used as time-out timers. Without the presence 
of the status sign~ the one-shots go ·into a RESET condition. See Table 4-5. 

FAIL NORMAL 

SIGNAL CODE COLOR STATUS LOCATION LED 

Auto-Zero AZF Red Off U4-Pin 13 13 
Auto-Cal ACF Red Off U4-Pin5 L4 
Below Wafer BWF Red Off U8-Pin 13 L5 
Vertical Sync VSF Red Off U8-Pin5 L8 
Memory Acc. MAF Red Off U2-Pin4 1..6 
On Wafer Gate OWG Gm On U3-Pin2 L9 
Measure Gate MGF Gm On U2-Pin 10 L1 
Beam Sync BSF Red Off U3-Pin 10 L10 
Width Threshold WTH Gm Off/On U13-Pin3 12 
Stabilizer Happy STAB Red Off U6-Pin 1 L12 
PMflOn PMfl Gm Off/On N/A L14 
PMr20n PMr2 Gm Off/On Not Used L13 

Table 4-5 Status Monitors and Indicators 
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The status indicator, Width Threshold Fail (WTF), is generated by an 8748 Micro-Con­
troller at the PMT Control PCB. 

Stabilizer Happy Indicator (STAB) monitors the level of negative feedback applied to 
the Scan Amplitude Drivers. UI9. 

The status indicators for the PMTI ON (PMfI), PMT2 ON (PMT2) signal provide a visual 
representation of the collection-level strength of the-PMT; the brighter the illumina­
tion, the stronger the voltage drive to the PMT, the greater its sensitivity. 

PMTI status indicator is not used as only one PMT is presently used. 

Laser Check and Enable 
The laser check and enable circuit is used to identify the presence and strength of the 
laser beam. The status of the laser is also monitored by the I/O PCB. 

Laser Enable/Disable 
In order to meet Laser Safety requirements electrical interlocks were added to disable 
the Laser whenever the hood is removed, turning the beam off. In order for the Laser 
to turn on, two interlock conditions must be met. -The Laser Magnetic Interlock Switch 
must be enabled and the Scan Mirror must be oscillating. These signals can be found 
at the Interlock Switch itself and U6-Pin 12 for the signal, LASER ENABLED. 

The Laser Magnetic Interlock Switch is enabled whenever the Scan Unit Hood is in place. 
The enabling magnet attached to the hood disables the Laser when the hood is removed. 

The second part of the Laser Safety design utilizes a comparator. UI8 with a reference 
voltage of 1.67 volts, which compares the Scan Mirror Drive si~al at TP-8 before 
enabling the laser. If the Scan Mirror Amplitude is less than + 1.67V, the Laser will 
not be enabled to turn on. UI8 checks only the positive half cycle due to D7 and D8. 

The Laser Intensity Monitor, U16, determines if the intensity, as monitored by the 
amplitude of the BW analog pulse, is greater than a required minimum level. At the 
junction of U16-Pin 9, R16 and R18, a signal marked xis fed into the input ofU16-Pin 
10. If the signal "X" falls below 2VDC, Othe Laser is considered weak and must be 
replaced. Otherwise, if X is greater than +2VDC, the laser is "O.K.". The LASER OK­
status can be found at U16-Pin 13. 
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Photomultiplier Drive and ProtectionIDisable 
The Photomultiplier Tube is a vacuum tube device which converts light energy into 
electrical signalS. The electrical signal output is in the form of CUrrent which is 
proportional to the PMTs Drive Voltage and the amount of light the PMr is colle~. 
The PMT is inherently a High Gain crevice which makes it somewhat unstable if not 
properly driven and controlled. 

The PMT Sensitivity and/or Gain is determined by the PMT Drive Voltage. Indirectly, 
it is a User Selectable parameter throucll the MAX SIZE selections; the higher the 
value selected, the lower the Gain and PMT Drive will be. 

After a selection of MAX SIZE is made, the PMT Control PCB provides an inversely 
proportional DC voltage, PMTI DRIVE to the input of 03 on the Distribution PCB, a 
unity gain buffer amplifier. 03's output is then fed to a hi~ input impedance emitter 
follower 05. 05's output, HYDl, is then routed to the lIVPS (High Voltage Power 
Supply) PCB and switcbed to the PMT DC-DC HVPS. 

PMT Protection/Disable 
The PMT can be easily damaged through excessive light collection. Three protection 
circuits are implemented to mmimize the probability of damage through excessive light 
exposure. 

1. A PMT Magnetic Interlock Switch, placed within the back of the Scan Unit next 
to the Laser Interlock Switch, is disabled whenever the Scan Unit Hood is 
removed, exposing the PMT to ambient room light. When the interlock switch is 

. disabled, power to the PMT HVPS is immediately shut off. 

2. When excessive light scatter occurs during a wafer scan, a circuit on the PMT 
Control PCB senses this condition and shuts off its PMTI Drive. 

3. Over driving the PMT can also cause damage to the PMT. The Over-Drive 
ProtectionlDisable Circuitry is made up ofUl8-Pin 1. U18 is a comparator circuit 
which can issue a PMTI SHUTDOWN- command via the I/O PCB and to the PMT 
CONTROL PCB which 1IKILLS1I (a signal command on the PMT Control PCB) 
the PMTI DRIVE. U18-Pin 7 is tied to + 12V limiting the HVDl DRIVE. HVDl 
DRIVE is voltage divided by R91 and R89 at U18-Pin 6. This sets an effective limit 
of HVDl DRIVE, at 05, to a maximum of + 13 volts. 
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Other Functions 

System Busing 
The Distribution PCB also_ provides inter-connection between the Keyboard, the 
Indexers, the Handler, and JI 0 PCB. It also provides inter-connection between the 
Analog PCB and the Slave CPU PCB. 

Miscellaneous Functions 
The HEP A switch from the Keyboard is buffered at the Distribution PCB through 
HEPA ON at UI-Pin 10 before being sent to the JlO PCB. 

The MENU KEYLOCK SWITCH is tied to + 5 volts with R32. KEY/ sWllow indicates 
the Menus are locked. 

4.2.5 WAFER HANDLER 

General Outline 
The following chapters, graphs, and diagrams provides an indepth study and understanding 
of the wafer handling system and its supporting subsystems. The outline covers an exploded 
view of each individual subsystem, defining, in detail, its functional purpose and how it 
interact to provide a working wafer handlirig system. The topic covers: 

1. The Trolley 

The Puck Arm 
The Puck 
The Puck Arm Guide 
Vacuum 
Drive Motor 
Vacuum PCB 

2. The Guide Rail 

The Lead Screw 

3. The Associated Sensors 

The Home Sensor 
The Trolley Motor Encoder Sensor 
The Vacuum Control Sensor 
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PUCK 

Fig.4-9 Trolly Assembly 
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4.2.6 INDEXER SUBASSEMBLY GENERAL DESCRIPTION 

The Indexer is a modularized subassembly which allows for the cassette handling of 
wafers. It gives the instrument the capabilIty to load and unload wafers serialy, top to 
bottom, or randomly, in which the operator can select any wafer from the cassette. 

Commands and Status are sent and received from and to the 1/ 0 Controller via the 1/ 0 
Bus. 

The subassembly is made up of the following items: 

1. Indexer PCB 

2. Elevator Motor/Assembly 

3. Coullise Motor /Assembly 

4. Cassette, Wafer, and Home Sensors 
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INDEXER PCB 

General 
The Indexer PCB drives and controls the various peripheral components for Cassette 
Handling, Wafer SensinglIndexing as well as Troney Guide during Load and Unload 
conditions. 

DC Power 
Input power is supplied by the Main Power Supply Drawer. Using only +24 volt line, 
it IS routed to the the Indexer PCBs and dropped by VRl, a 7812 Voltage Regulator 
for +18 volts and VR2, a 7805 Voltage Regulator, for +5M volts. +24 Volts IS used 
to power the Elevator Motor, + 18 Volts is used to power the Kulisa Motor, and + 5M 
Volts is for the logic circuitry. 

Indexer Logic Circuitry 
Upon Power-Up only, the ZSO CPU, via the I/O PCB, determines which Indexers are 
present. 

Communications to the Indexer PCB is provided through the I/O Bus. Depending on 
the position and function of the Indexer Module, the Indexer PCB is assigned a specific 
address with SW2. The address, determined by 1/ OAO to 1/ 0A2 of the 1/ 0 Address 
Bus, is decoded with Ul, an 8 to 1 Decoder. 
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SW2 can have the following configurations stated in Fig. 4-9. 

2 I 4 a: 
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Fig. 4-10 Indexer Block Diagram 

The 1/ 0 Data Bus, BUSO.to BUS7, is bi-directionally bufferred wit? U2, the 8-Bit Input 
Buffer, and U3, the 8-Blt Output Buffer. Data Read and Wnte to an Intel 8749 
Micro-Controller is accomplished with an lORD· and IOWR request from the II 0 PCB. 
Data Read and Write Acknowledgements are accomplished throughSIBF* and SOBF· from 
U8. 

Peripheral Interrupt (P/NP) and Beam Sync (BSYNC·) are signals which can cause an 
interrupt to the MIcro-Controller. 

RESEP, at the I/O BUS, causes a non-maskable reset to the Micro- Controller. RESET-­
causes the Indexer to re-initialize and sends the Indexer Platform to home position. 

8749 Microcontroller 
At the heart of the Indexer PCB is an Intel 8749 Micro-Controller used for communication 
interfacing, instruction encoding and decoding, as well as peripheral status monitoring. 
Data processing and instruction execution are performed by the Microcontroller. 
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The fully programmable Microcontroller consists of a bi-directional 8-bit data line, for 
communications with the 1/ a PCB. It also has two 8-bit input! output programmable 
ports for motor controls, and status monitoring. 

Stepper Motor Drive and Control 

Coulisse Motor 
The Coulisse Motor switches and gujdes the Trolley Puck Arm into the Load! Unload 
Position at the Indexer Module. The four coil two-phase Coulisse Stepper Motor receives 
drive and directional control signals from a Step~r Motor Driver Ie, U11. The SAAI027 
stepper motor IC has one Rotation controilliie Pin 3, one Trigger line Pin 15, and four 
current drive lines, Pins 6, 8, 9, & 11. The Rotation control line selects the direction of the 
motor. It operates as a pulse input 4 Step sequence square wave output device. 

The Coulisse Motor position is not monitored by the Micro-Controller. 

However, on Power-Up only, the Indexer initializes the Kulisa position by driving the 
Coulisse to its Home position. . 

The Elevator Motor 
The Elevator Motor is also a four coil two-phase stepp~r motor. However, it is driven 
by two PBL 3717 Rifa Motor Control Drivers, U9 ana UI0. The PBL3717 Rifa Motor 
Control Driver has a single phase control line, and two current control lines. The phase 
line provides directional control of the elevator motor. The two current lines provide 
variable speed control of the elevator motor. Together, U9 and UI0 provide the 
proper phase control and drive to the Elevator Stepper Motor. 

The 8749 ' Micro-Controller programmable ports designated to drive the two Rifa 
motor control ICs are no, P21, P24, P22, P23, and P25. . . 

The three motor driver ICs, V9, VlO, and VII, have a separate ground, designated as 
Chassis Ground. The separate grounding system reduces transient feedback noise 
spikes, created by the motor driver ICs. 

Status LEDs 
The Status LEDs, located at the top right corner of the Indexer PCB, indicate the 
various indexer peripheral status. There are four peripherals monitored by the 
Micro-Controller and indicated active by with an ON State. 

1. Coulisse Motor (KVL), Red LED, indicates Coulisse is engaged 

2. Wafer On (WFR), Yellow LED, Indicates a wafer has been detected 

3. Carriage (CAR), Red LED, Indicates the presence of a cassette 

4. Park (PRK), Green LED, Indicates the Elevator Platform is Home 
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Assembly Descriptions 

Elevator Motor/Assembly 

Tencor SFS 4500 

This assembly is primarily made up of a lead screw driven elevator drive assembly with 
a platform for cassette placement. Its major functions is to step the elevator, up and 
down, for the loading and unloading of wafers. 

Coullise Motor/Assembly 
The Coullise Assembly switches and guides the trolley assembly into the corresponding 
Indexer during load and unload cycles. It is moved by a bi-directionallinear stepping 
motor. The motor is enabled by the 8749 microprocessor and driven by an SAAI027 
Stepper Motor Ie. 

Cassette, Wafer, and Home Sensors 
The various sensors interface to the 8749 Micro-processor through logic circuitry. The 
cassette sensor, placed within the elevator platform, is a normally open SPDT switch. 
The Home sensor, an optical switch, sets the Home position of the elevator. From 
this position, the cassette slot positions are determined. The height of the sensor 
should be set accordingly so that wafers are loaded and unloaded from the center of 
the slots. This greatly reduces wafer contamination. Wafer sensing is achieved 
through the use of Through-Beam sensors. An emitter and collector is positioned on 
Opposlte ends of the indexex, front to back. Each wafer is sensed as the wafer breaks 
the tightly controlled beam path. 
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4.2.7 Matrox Graphics PCB 

Functional Description 
The SfD-8OO is a. resolution color graphics controller contained on a single STD card. 
The STD-800 contains four major subsections (Fig. 4-10): the Graphics J?isplay Control­
ler, the Display Refresh Memory, the color LookUp Table, and the STD Interface. 
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Display Memory 
The SfD-800/ 64 contains sixteen 64K bit RAM chips, on-board, for a total display 
read/write memory of 1,042,176 bits (128K bytes). ThiS memoIY area is divided into four 
bit planes (allowmg up to 16 simultaneous!y displayable colors or grey levels) and is 
confi~ed into a three aimensional array of 512 horizontal by 512 vertical pixels by 4 bits 
per pIXel Each bit plane provides one address line to the coror memoIY. The resolution 
capabilities of the STD-8OO can be increased by sacrifi~ bit planes. This feature enables 
the user to configure the on-board read/ write memory for -1024 x 512 x 2 bits' pixel. 

Display Controller 
An on-board VLSI display controller chip (NEC 7220 GCD) is the heart of the 
STD-800. All of the display maintenance requirements (horizontaV vertical sync and 
blanking) and the display memory refresh functions are provided by the Display 
Controller a~d are cOI~pletely transparent to the user. The responsibility for display 
memory mamtenance IS thus removed from the host processor, reducmg software 
overhead and increasing system throughput. . 

Color LookUp Table 
The SID-800 contains an on-board color lookup table which looks, to the user, like a 
16 x 12 bit RAM. Through this lookup table, displays with up to 16 colors can be 
accommodated, with the displayed colors being user selected trom a palette of 4096 
colors. The color lookup table can be rewritten at any time. 

The color lookup table allows the user to create a wide variety of video effects. 
Manipulation of the color lookup table allows the generation of such high performance 
effects as animation. 

Timing and Control Unit 
The SID-800 contains an on-board 20 MHz clock which is the heart of the module's · 
Timing and Control Unit. The Timing and Control Unit" using the 20MHz crystal 
together with a pair of PALs, supplies all of the individual functional blocks of the 
STD-800 with their required timing inputs and synchronizes their operation for 
maximum throughput. This circuit also enables the STD-800 to generate displays of 
up to 800 x 655 x 4 bits per pixel using an average drawing speed of 1.6 mIcro­
seconds/pixel. 
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Video Interface 
The video output signals are supp~ed, via a 12-pin header on the module, as analog RGB 
signals (Fig. 4-11). Sync and blanking signals are provided both combined withe the Green 
video output and as a separate composite sigruil. A composite grey scale video output 
signal is aerived from the green output by programming the lookUp table appropriately. 

"'~~' 
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Fig. 4-12 RGB Video Interface Signals 

STD Interface 
The SID-8oo interfaces directly to the SID bus and meets all SID bus specifications 
as laid out in the Mostek Specification No. MK79646. To the system CPU, the 
SID-800 looks like a group of eight 8-bit registers which are in the bus 110 address 
space. Reading locations 0 and 1 will read the Display Controller's status and FIFO 
read buffer respectively. Writing to these locations will transfer either a command 
byte (Location 1) ore a parameter byte (Location 0) to the STD-800 FIFO. Writing 
to II b port 2 (Command Register) sets various control parameters for the board. 
Reading this port allows the user to monitor the status of tlie Light Pen Enable signal 
and the Horizontal Blank. The following two registers are used to read! write the color 
lookup table. The Board Enable Register allows strapping of up to three STD-800 
boards within the same address space. By enabling or disabling access to the board, 
each board can be accessed indiVIdually or all three can be written at the same time. 

4.3 MEASUREMENT PROCESSOR 

General Information 
The Measurement Processor block is a computer subsystemthat gathers, 
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deciphers, and sorts input data from the scan unit. The measurement 

processor block consist of: 

1. The Distribution PCB 

2. The Analog PCB. 

3. The Pre-Processor PCB 

4. The PPCPCB. 

5. The Slave CPU PCB. 

6. The ZSO Environment. 

7. The Peripheral Interface. 
The Analog PCB gathers and digitized the analog data signalfrom the Photomultiplier 
Tube. 

The Pre-Processor PCB sorts, categorizes, and provides a means to draw and correctly 
position the particle data from the Analog PCB. 

The PPC PCB correlates the information derived from the Pre- Processor PCB. 

The Slave CPU processes the haze data from the Analog PCB. It also functions as a 
co-processor to the Main CPU to provide a faster data processing process. 

The Z-80 environment processes data from the PPC PCB. It integrates the individual 
components of the Surfscan through the standard (SID) bus. 

The Peripheral Interface allows outside communication with the Surfscan. 
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4.3.1 ANALOG PCB 

General 
The Analog PCB has two major functions. The first major function of the PCB is to 
separate the Photomultiplier signal into its two components for data processing. 
Secondly, after separation is completed, Haze and Particle Analog data are convertea 
into theIr respective Digital values. 

The signal collected by the PMr is separated into two separate components distin­
guished by the frequency of the laser light scatter. These two components are defined 
as Haze and Particle data. The Haze si$ll31 is made up of the low frequency component 
of a wafer scan; whereas the Particle Signal is made up of high frequency components. 

Once the two components are separated, both the Haze and Particle signals are routed 
to separate analog to digital converters on two separate channels. See Fig. 4-12. 
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Fig. 4-13 Analog PCB Functional Block Diagram 

Analog PCB Functional Block Description 
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After the PMT signal is amplified and filtered through the first low pass buffer 
amplifier of the Analog PCB, the Haze and Particle data are separated by filtering a 
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specific frequency of the PMT signal. When signal separation is completed through 
the filter network, both the Haze data and the Particle date are amplified and digitized, 
using an AI D Converter, for further signal processing. The Haze data is latched into 
RAM memory and bussed to the Slave CPU PCB for data ~rocessing. The Particle 
data is transferred to the Pre-Processor PCB for data processing. 

Haze Data Circuitry 
On the Surfscan, Haze is defined as the ratio of the total collected scattered light 
intensity to the incident intensity. 

The Haze data circuitry measures the low frequency background scatter noise created 
by the overall surface characteristics of the wafer surface. The signal is measured in 
reference to the Auto-zero signal. 

Haze Signal Separation/Conversion 
The Haze Signal Separation circuitry--, U31, is used to remove the particle data and the 
Auto-zero signal from the input PMr signal. 

From the output of the first buffer amplifier, U26-Pin 11, the PMT signal is routed 
into a low pass filter differential amplifier, U31-Pin 2. The Auto-zero reference signal 
is routed through an integrator, U30, to provide an equal but inverted Auto-zero 
reference si~naf level. This inverse Auto-zero reference signal is then channelled to 
the positive mput of U31-Pin 3. The low pass filter differential amplifier, U30, filters 
out the high frequency signal and removes the Auto-zero reference signal at its input, 
leavin~ only the Haze d~ta at the aII,lplifier's output. .The Haze .data.is strobed at 16 
MHz mto a buffer amplifier, U25-Pm 3, for proper slgnal amphficatlOn for the NO . 
Converter. After signal amplification, the analog Haze data is fed to an AI D 
Converter to be converted into 8-bit words for digital data processing. 

The analog Haze data signal at the output of U31-Pin 6 is also routed to an integrator 
circuit, U34-Pin 3. This inverted Haze data signal is used for subtraction from the 
input PMT signal, at the input of the Particle data separation circuitry, U28. 
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Haze Data 'Processing 
The Haze data is transferred from the AID Converter to memory data reg!sters, U16 
and U5, to be loaded onto RAM memory for processing by the Slave CP~CB. Data 
transfer to RAM memory is only active when the WREN (Write Enable) line is active. 
The WREN line is triggered by the Vertical Sync signal. Data transfer, rrom the RAM 
memory to the Slave CPU PCB, is enabled if the WREN line is active and the Haze Start 
signal from the Pre-Processor PCB is low. 

Particle Data Circuitry 
The Particle Data circuitry measures the high frequency component of each wafer 
scan. The signal is measured in reference to the auto-zero reference signal. 

Particle Data Separation/Conversion And Processing 
The Particle Data Separation circuitry, U28, filters out the low frequency signal, and 
subtracts the Auto-zero reference signal from the PMI' input signal. The PMT input 
signal containing the Particle and Haze data, and the Auto-zero reference signal is 
routed to the inverting input of the high pass filter differential amJ?lifier, U28-Pin 5. 
At thejunction of U28-Pin 5, the Haze data is subtracted from the mput PMT signal. 
The Haze data is derived from the Haze separation circuitry, U31. An inverted 
Auto-zero reference voltage is input to U28-Pin 6, from the integrator circuit U29. By 
filtering and differentiating the two input signals, the Particle data is isolated through 
the high pass filter of the difference amplifier, U28-Pin II. 

After signal separation, the Particle data is transferred to an AID Converter, a Flash 
8-bit Converter. The 8-bit word, from the N D converter, is latched onto the Data 
Latches, V18 and Vl. The 8-bit word is bussed to the Pre-Processor PCB at 16 MHz 
for data processing. 

PMT Signal Distribution 
The PMT Signal is also used as a feedback response to monitor the system calibration. 
The input PMT signal, also named as the Pre-Amp Out signal, is routed to the PMT 
Control PCB through the output coax cable of the Analog PCB for Auto-Zeroing and 
Auto-Calibration. 
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4.3.2 PRE-PROCESSOR PCB 

General 
The Pre-Processor PCB provides the surfscan a process to draw an image of the wafer 
scanned, defined as wafer mapping. It also proVIdes a method to identity location and 
compute defect size of the particle within the scanned wafer. Utilizing key signals to 
identify the outline of the scanned wafer, the mapping process is stored in address 
registers generated within the Pre-Processor PCB. 

The four major functions of the Pre-Processor PCB are: 

1. Edge definition and edge exclusion 

2. Wafer mapping 

3. Memory Accumulate signal generation 

4. Particle magnitude comparing 
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Fig_ 4-14 Pre-Processor Block Diagram 
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Pre-Processor PCB Functional Block Description 
The Pre-Processor PCB uses two 8-bit magnitude comparators, U9 and U14, for 
programmed threshold comparison and particle sizing. The two 8-bit magnitude 
comparators are supported by data latches, U5, U10, and U15, to hold and store 
partIcle data for comparison. 

Triggered by the VERTICLE SYNC signal, four address counters, U19, U24, U34, and 
U29, tied in series, provides an addiess counter for the 'Y' address map of the wafer 
being scanned. The 'V' address registers for each completed cycle of the address 
counter are stored at the address latches, U25, U35, U30, and U20. 

Both the ON WAFER GATE and WIDTH THRESHOLD signals are used to provide a data 
clock to the PPC PCB for particle data processing. 

Edge Definition And Edge Exclusion 
The edge logic circuitry, U17, U6, U22, U32, U28, U27, and U20, determine the wafer 
edge and the edge exclusion from the ON WAFER GATE (OWG) and MEASURE GATE 
(MG) signal. Upon sensing the wafer edge, the ONWAFER GATE si~al is generated by 
the Distribution PCB. MEASURE GATE sIgnal is calculated on the PMr Control PCB 
to determine the size of the wafer ed$e exclusion. The WIDTH THRESHOID signal, 
defining the wafer edge exculusion, IS calculated by subtracting the MEASURE GATE 
SIGNAL from the ON WAFER GATE signal. The ON WAFER GATE and WIDTH 
THRESHOLD signals are bussed through the SID bus to the Pre-Processer PCB to 
define the start and end of the data extrapolation process. 

The three signals, ON WAFER GATE, WIDTH THRESHOLD, and the output decision of 
the Threshold Comparator at l.!9, generate the data clock signal at U8-pin 3 to the 
PPC PCB. The data clock proVIdes the PPC PCB the means to process data. . 

Wafer Mapping 
Since the 'X' location is predetermined by the incremented steps of 25um per each 
laser pass over the wafer, only the 'V' scanned locations of the wafer are needed to be 
calculated. The Address Counters, U19, U24, U34, and U29, provide the 'V' address 
location corresponding to the 'V' position of the wafer being scanned. The address 
counters are triggered by the VERTICLE SYNC pulse. A ripple effect within the the four 
D-flopaddress counters, clocked at 16 MHz, IS directed mto four D-flop latches, U25, . 
U35, U30, and U20, to provide each sector of the laser scan with an appropriate address 
location. Each 'Y' address location is linked together with its corresponding defect 
computation at the PPC PCB. 

These same address counters and address latches are also used to provide a map for 
the Haze data. 

Memory Accumulate Signal 
MEMORY ACCUMULATE SIGNAL (MA) is used to define the beginning of the 
'Y' address counter for wafer mapping. lnitiated by the VERTICLE SYNC signal, the 
four address counters, U19, U24, U34, and U29, triggers the D-flop clock, U7, 
generating the beginning of the MA signal. The time duration of the MA signal is 
determined by one complete cycle of the four address counters. 

Only fourteenD-flops of the four address counters are used. They are clock at 16 MHz. 
One complete cycle takes 544 J.lsec. 
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Magnitude Comparator ICs 
The Magnitude Comparator ICs compare the particle data size, from the Analog PCB, 
to a set threshold value for particle comparison. The magnitude comparators consist 
of dual inl?,ut 8 bit data lines for data comparison, and 3 output deCISion lines. The 
three possible output decision are: 

1. The set threshold value is greater than the particle data compared. 
-

2. The set threshold value is equal to the particle data compared. 

3. The set threshold value is less than the particle data compared. 

Particle Threshold Comparison 
The Particle Threshold Comparison circuitry compares the operator's programmed 
threshold value to the particle data collected from the Analog PCB. The dual input 8 
bit threshold comparator, U9, receives the programmed threshold values from the 
Slave CPU PCB. An 8-Bit word containing the programmed threshold value is latched 
at data lines PO-P7 on U9. The particle data from the Analog PCB is routed to the 
data latch of US at the rate of 16 ~z. This latch~d particle data is compared to the 
set threshold value at U9 through the inr>ut lines 0O-Q7. If the particle data is greater 
than the set threshold value, the dual 8 Bit Threshold Comparator, U9, turns on the 
WRTE CLK line. The WRTE eLK line provides the PPC PCB its data clock to record 
particle data that are greater than the threshold value. 
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Fig. 4-15 ·Particle Magnitude Sizing 

Particle Magnitude Sizing 
The Particle Magnitude Sizing circuitry determines the peak size of a particle by 
comparing two sequential bytes of digital data. The twosequential bytes of digital data 
fromtheAnalog PCB could be a combination of background scatter noise and true 
particle data. The particle magnitude sizing circuitry will not differentiate between 
the two types of digital siganls. The particle magnitude sizing circuitry will only transfer 
output data when present digital data, at 'Y' address register, is greater than the 
previous digital data, at 'Y-l' address register. The present particle data, from the 
Analog PCB, are latched to data lines QO-Q7 at the magnitude comparator, U14. The 
Data Latch, U1O, containing the previous particle data IS input to the data lines PO-P7 
of U9. The result from the magnitude comparison is clocked by the WRTE CLK line to 
the PPC PCB. Refer to Fig. 4-14. 

The time duration of the WRTE CLK staying high is determined by the Long Pulse 
counter, U18. 
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4.3.3 PPC (PULSE POSITION CORRELA TOR) PCB 

Pixel Counting Classification _ 
This section describes the Instrument for applications when it has been changed to 
pixel counting classification. The interpretation of data is sli&1!t1y different and some 
features are not possible, compared to particle counting classification. 

Description 
This Instrument normally operates in particle counting classification by using a Pulse 
Position Correlator. Although particle counting classification has many advaritages for 
correlating data, there may be apelications for pixel coun~ to allow use of an existing 
pixel-oriented database. Refer to Signal Processing System" m Section 4 for a description 
of these two classifications. The circuit boards that provides these classifications can be 
switched to provide the desired correlation - contact Tencor Instruments for details. 

To verify which type of classification is installed, check the Menu parameter HIS­
TOGRAM TYPE:-

PIXEL = pixel counting classification 

PPC = particle counting classification 

Althou~h listed as a parameter, HISTOGRAM TYPE is not selectable from the Menu. 
It only mdicates which type of classification is installed. The other parameter affected 
is DATA CORRELATION: with pixel counting, this is fixed at SINGLE. 

Software Features 
Pixel counting does not allow the Area Zoom software feature to work. Otherwise, 
all other ways of operating the Instrument are the same. 

Data Interpretation 
Since the particles are recognized as pixels in pixel counting classification, the Sum­
mary Data represents the particle display pixels assigned to the Particle Map; particle 
counting classification has the total number of measured particles listed in the 
Summary Data even though all of them may not be displayed on the Particle Map. 

Specifications 
Some performance specifications (listed in Section 1) are different with pixel counting 
classification. 
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Repeatability 
Particle counts repeatable to 3% or less, independent of wafer orientation. (Mean 
count of 500 particles, 1 p diameter latex spheres.) 

Throughput 
For a 100 mm (4") wafer, approximately 35 seconds, measured for the period that the wafer 
is carried by the Vacuum Puck (fetching, scanning, and unloading). Wafer throughput may 
be slower, depend.ing on the total number of particles on the substrate and the value set 
for MAX SIZE and 1HRESHOLD. If there are a high number of measured particles, it 
takes longer for the pixel correlator to process all the data in the FIFO buffer. 
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4.4 280 ENVIRONMENT 

General Description 

The following block diagram shows the general SID bus of the Surfscan 4500. The 
Surfscan 4500 is controlled by the Z80 CPU shown below in the figure below. The 
sections following this section give details on all of the PCBs on the SID bus within the 
Z80 environment 

DRAM Z80 CPU MEMORY SLAVE CPU I 
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." ." ." ." 

~,-C> E3LJ~ 
i 

..4~ n ~L ~~ 

." ." ." ." 

~ 
PULSE 

PREPROCESSOR POSITION PMTCONTROL I/O PCB 
CORRELATOR 
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4.4.1 STS BUS DESCRIPTION 

STD Bus Specifications 
The SID BUS defines an 8-bit microcomputer bus standard where the small card size 
in conjunction with LSI semiconductor technology creates a modular-by-function 
approach to control-oriented system design. The standard card size, connector and 
pmout lend itself to a bused motherboard that pennits any card to work in any slot. 

The bus interface connector as shown in Fi~. 4-15 is dedicated to microprocessor 
control of card functions. Peripheral and deVlce connections are made at the edge of 
the card defined as the user interface. This concept gives an orderly sign.al flow across 
the card from the bus interface to the user interface. Peripheral and 1/ 0 devices can 
be connected to the system using their own unique connector and cabling requirements 
and complete functions can be modularly added to the system. 
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Fig. 4-16 Bus Implementation 
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Logical Specifications 
Bus Pin Assignments. The BUS pinout is organized into five functional groups: 

• Logic Power Bus:Pins 1-6 

• Data Bus:Pins 7-14 

• Address Bus:Pins 15-30 

• Control Bus:Pins 31-52 

• Auxiliary Power Bus:Pins 53-56 
The organization and pinouts are shown in Table 4-6. Signal flow is referenced to the 
current master. 

COMPONENT SIDE CIRCUIT SIDE . 
SIGNAL SIGNAL SIGNAL SIGNAL 

PIN NAME FLOW DESCRIPTION PIN NAME FLOW DESCRIPTION 
1 Vee In Logic Power 2 Vee In Logic Power 
3 GND - Logic Ground 4 GND - Logic Ground 
5 _Ybhit1 In Lol!ic Bias #1 6 Vbb#l In Lo!!ic Bias # 1 
7 D3/A19 In/Out 8 D7/A23 In/Out 
9 D2/A18 In/Out Data Bus/ 10 D6/A22 In/Out Data Bus/ 
11 Dl/A17 I Address Ext 12 D5/A21 InIOut Address Ext 
13 DO/A16 In/Out 14 D4IA2Q InIOut 
15 A7 Out 16 A15 Out 
17 A6 Out 18 A14 Out 
19 AS Out 20 A13 Out 
21 A4 Out Address Bus 22 A12 Out Address Bus 
23 A3 Out 24 All Out 
25 A2 Out 26 AlO Out 
27 Al Out 28 A9 Out 
29 AO Out 30 A8 Out 
31 WR* Out Write Mem or 32 RD* Out Rd Mem or UO 

110 
33 10RO* Out I/O Addr Set 34 MEMRO* Out MemAddrSel 
35 10EXP InfOut JlO EXJtan 36 MEMEX lnLOut MemExoan 
37 REFRESH * Out Refresh Timing 38 MCSYNC* Out Mach Cyc Sync 
39 STATUS 1* Out CPU Status 40 STATUS 0* Out CPU Status 
41 BUSAK* Out BUS Acknow 42 BUSRO* In BUS Reauest 
43 INTAK* Out Interrupt Ack 44 INTRO* In InterruPt Rea 
45 WAITRO* In Wait Request 46 NMIRO* In Nonmask Int 
47 SYSRESET* Out System Reset 48 PBRESET* In Pushbut Reset 
49 CLOCK* Out Clock fm Proc 50 CNTRL* In AuxTiming 
51 PCO Out Prior Chain Out 52 PCI In Prior Chain In 
53 AUXGND - AUXGround 54 AUXGND - AUXGround 
55 AUX+V In + 12VDC 56 AUX -v In -12 VDC 

Table 4-6 Bus Connector Pin Assignment 
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Signal Descriptions 
Power Busses (pins 1-6 and 53-56). The dual power busses accommodate logic and 
analog power distribution. As many as five separate power supplies can be used with 
two separate ground returns as shown in Table 4-7. Pms 5 and 6 provide for alternate 
use. If used for their alternate purpose these pins shall provide for disconnect 
capability on the card for conflict resolutions. 

PIN DESCRIPTION . COMMENT 

1&2 LoIDcPower Lomc Power Source ( + 5 VDC) 
3&4 Dimtal Ground Lomc Power Return Bus 
5 LoIDc Bias Voltage Low-current Lomc Suoolv #1 (-5 VDC) 
*5 Batterv Backuo Voltage Alternate use as Batterv Backuo Voltage 
6 Lomc Bias Voltage Low-current Lome Suoolv #2 
*6 DC Power Down Alternate use as DC Power Down Signal 
53&54 Auxiliarv Ground Auxiliarv Power Return Bus 
55 Auxiliarv Positive Positive DC Suoolv ( + 12 VDC) 
56 Auxilia.IY Neitative Negative DC Suoolv_(-12 VDC) 

Table 4-7 Power Bus Pin ASSignments 

Data Bus (Pins 7-14). (8-bit, Bidirectional, Tri-state, Active-High). Data bus direction 
is controlled but the current master and is affected by such signals as read (RD·), write 
(WR·), and interrupt acknowledge (INTAK·). 

All cards should release the data bus to a hi~h-impedance state when not in use. The 
permanent master shall release the data bus m response to bus request (BUSRQ·) input 
from a temporary master, as in DMA transfers. 

The Data Bus lines may be multiplexed for address space expansion. The pin 
assignment for address expansion shall be as shown in Table 4-6. 
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Address Bus (pins 15-30). (16-bit, Tri-state, Active-High). The address originates at 
the current master. The permanent master shall release the address bus in response 
to a BUSRQ- input from a temporary master. 

The address bus provides 16 address lines for decoding by either memory or 1/ O. 
Memory request (MEMRQ-) and I/O request (IORQ-) controf lines distinguisli between 
the two operations. The particular microprocessor that is used determines the number 
of address lines and how they are supplied. . . 

Control Bus (pins 31-52). The control bus signal lines are grouped into five areas: 
memory and I/O control, peripheral timing, clock and reset, interrupt and bus control, 
and priority chain. 

Memory and I/O Control lines provide the signals for fundamental memory and 110 
offiations. Simple arplications may only require the following six control signals. All 
S BUS cards shal support the memory and I/O control lines. 

PIN 31 WR* - Write to memory or output (Tri-state, active-low). WR- originates from 
the current master and indicates that the BUS holds valid data to be written to the 
addressed memory or output device. WR- is the signal which writes data to memory 
or output ports. 

PIN 32 RD* - Read from memory or input (Tri-state, active-low). RD- originates from 
the current master and indicates that it needs to read data from memory or from an 
input port. The selected input device or memory shall use this signal to gate onto the 
BUS. 

PIN 33 IORQ* ~ I/O request (Tri-state, active-low). [ORQ* originates from the current 
master and indicates an 1/ 0 read or write or a special operation. It is used on the II 0 
cards and is gated with either RD* or WR* to designate II 0 operations. For some 
processors, [ORQ* is gated with other processor signals to indicate a special operation, 
IORQ* with STATUS 1* (MI*) indicates interrupt acknowledge for the ZSO. 

PIN 34 MEMRQ* - Memory request (Tri-state, active-low). MEMRQ- originates from 
the current master and indicates memory read or memory write operations or a special 
operation. It is used on memory cards and is gated with either RD* or WR* to deSIgnate 
memory operations. For some processors, MEMRQ* is gated with other processor 
signals to indicate a special operation, MEMRQ* with STATUS 1* (DTIR* ) and STATUS 0* 
(sso*) indicates Passive for die 8088. 

PIN 35 IOEXP - I/O expansion (high expand, lowenable). IOEXP may originate from 
any source and should be used to expand or enable II 0 port addressing. An active-low 
shall enable primary 1/ 0 operations. II 0 slaves shall decode IOEXP. 

PIN 36 MEMEX - Memory expansion (high expand, low enable). MEMEX may 
originate from any source and should be used to expand or enable memory addressing. 
An active-low shall enable the primary system memory. MEMEX may be used to allow 
memory overlay such as in bootstrap operations. A control card may switch out the 
primary memory to make use of an alternate memory. Memory slaves shall decode 
MEMEX. 

Peripheral Timing Control Lines provide control signals that enable the use of the 
STD BUS with microprocessors that service their own peripheral devices. In this way, 
the bus is not limited to only one processor. 
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PIN 37 REFRESH* - (trl-state, active-low). REFRESH* may originate from the current 
master or from a separate control card and should be used to refresh dynamic memory. 
The nature and timing of the signal may be a function of the memory device or of the 
processor. In systems without refresh, this signal can be any specialized memory 
control signal. Systems with static memory may disregard REFRESH*. 

PIN 38 MCSYNC· - Machine cycle ~c (Tri-state, active-low). MCSYNC* shall 
originate from the current master. This signal should ·occur once during each machine 
cycle of the processor. MCSYNC* defines the beginning of the machine cycle. The 
exact nature and timing of this si~ are :processor-dependent. MCSYNC* keeps 
specialized peripheral devices synchronized With the processor's operation. It can alSo 
be used for controlling a bus analyzer, which can analyze bus operations cycle-by-cycle. 

MCSYNC* should be used to de-multiplex extended addressing on the data bus. 

PIN 39 STATUS 1* - Status control line 1 (Tri-state, active-low). STATUS 1 * shall 
originate from the current master to provide secondary timing for peripheral devices. 
When available, STATUS 1* should be used as a signal for identifying instruction fetch. 

PIN 40 STATUS 0* - Status control line 0 (Tri-state, active-low). 

STATUS 0* shall originate from the current master to provide additional timing for 
peripheral devices. 

Interrupt and bus control lines allow the implementation of such bus control schemes 
as direct memory access, mUltiprocessing, smgle-stepping, slow memory, power-fail­
restart, and a variety of interrupt methods. 'Priority for multiple interrupts or bus 
requests can be either serial or parallel priority schemes. , , 
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PIN 41 BUSAK· - Bus acknowledge (active-low). BUSAl(* originates from the per­
manent master and is used to indicate that the bus is available for use by a temporary 
master. The permanent master shall respond to a _BUSAl(* by releasing the bus and 
driving an acknowledge signal on the BUSAl(* line. BUSAl(* should occur at the 
compfetion of the current machine cycle. The signal should be combined with a 
priority signal if multiple controllers need bus access. 

PIN 42 BUSRQ* - Bus request (active-low, open coUector/drain)~ BUSRQ* ori~ates 
from a temporary master and causes the permanent m,aster to suspend operations on 
the bus by releasmg all Tri-state bus lines. The bus should be released when the current 
machine cycle has been com~leted. BUSRQ* shall be used in applications requiring 
direct memory access (DMA. This signal can be an input, or an output, or it can be 
bidirectional, depending on e supporting hardware. 

PIN 43 INTAK* - Interrupt acknowledge (active-low). INTAK* ori~ates from the 
permanent master to indicate to the interrupting device that it is rea<1y to respond to 
the interrupt. For vectored interrupts, the mterrupting device shall place the vector 
address on the data bus during INTAK*. This signal can be combineo with a priority 
signal, if multiple controllers need access to the permanent master. INTAK* is used in 
vectored interrupt schemes. 

PIN 44 INTRQ* - Interrupt request (active-low, open-collector/drain). INTRQ* 
originates from any slave function to interrupt the processor on the permanent master. 
It sbould be masked and ignored by the processor, unless deliberately enabled by a 
program instruction. If the processor accepts the interrupt, it should acknowledge by 
asserting INTAK* (pin 43). Other actions depend on the specific type of processor, the 
interrupt-related program instructions, and the hardware support of the interrupt 
mechanism. . 

PIN 45 WAlTRQ* - Wait request (active-low, open-collector/drain). WAITRQ* may 
originate from any master or slave and shall cause the current master to suspend operations 
as long as it remains low. The current master should hold in a state that maintams a valid 
address on the address bus. WAITRQ* can be used to insert wait states in the processor 
cycle. Examples of its use include slow-memory operations and single stepping. 

PIN 46 NMIRQ* - Nonmaskable interrupt (active-low, open-collectorl drain). 
NMIRQ* may ori~inate from any master or slave and shall be used as an interrupt input 
of the highest pnority to the permanent master. It should be used for critical processor 
signaling, e.g., power-fail indications. 

Clock and reset lines provide the bus with basic clock timing and reset capability. 
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PIN 47 SYSRESET* - System reset (active-low, open-collector/drain) .. ,,: SYSRESEr 
originates from any system reset circuit, which may be tri~ered by power-on detection, or 
by the pushbutton reset All cards with circuits requinng initialization should decode 
SYSRESET*. 

PIN 48 PBRESET* - Pushbutton reset (active-low, open-collector/drain). PBRESET* 
may originate from any card as an input to the system reset circuit. 

PIN 49 CLOCK* - Clock from processor. CLOCK· originates from the permanent 
master and is a buffered, processor clock signal, for use m system synchronization or 
as a general clock source. 

PIN 50 CNTRL* - Control. CNTRL· may originate from any card as an auxiliary circuit 
for special clock timing. It may be a multiple of the processor clock signal, a real-time 
clock signal, or an external input to the processor. . 

Priority chain lines are provided for serial interrupt or bus control. Two bus pins are 
allocated to the chain, which requires logic on the card to implement the serial priority 
function. Cards not needing the chain shall jumper PCI to pca on the card. . 

PIN 51 - Priority chain out (active-high). pca ori~nates from every card as a signal 
sent to the PCl input of the next lower card in prionty. A card that needs priority shall 
hold pea low. 

PIN 5~ PCI - P~iori.ty ~hain i~ (active-high) .. pa o.rig!nates directlyfr0I;l1 thePCa ~fthe 
next higher card ill pnonty. A high level onpa gIves pnonty to the card" sensmg the PCI mput 
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4.4.2 MASTER CPU PCB 

Introduction 
The zgO CPU PCB was designed to provide a cost effective solution for the problem 
of microprocessor systems integration. 

Features 

• Mostek STD-Z80 compatible 

• UART with RS-232C interface 

• Software controlled baud rate 

• 4 MHz Z80 CPU 

• JEDEC compatible byte-wide memory sockets 

• User selectable communications interface (DTE/DCE) 

• Complete interrupt control structure 

• 9511/9512 Math coprocessor 

Functional Description 
The zgO CPU PCB has the following major functional blocks: 

• Clock Source 

• Bus Interface 
• Z80 Processor 
• 9511/9512 Math Coprocessor 
• Counterffimer Circuit 

• Serial I/O (UART) 
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Fig. 4-17 zao Functional Block Diagram 

The following sections describe each of the functional blocks of the ZSO PCB and 
reference the ZSO Functional Block Diagram shown above and the SFS 4500 
Schematic Pre-release SPC SID ZSO CPU. 

Clock Source 
The CPU clock module, AUX CLK and CPU CLK, provides clock signals to both the Z80 
CPU, V12, and the counter timer chip(CfC), U16. The 4.0 MHz clock signal to the 
ZSO requires an active driver circuit, Ql, R6, R7, R8 and C5, to provide sufficient 
current to the processor. This clock signal is called CLOCK on bus line 49 and $ on 
the input pin 6 of the ZSO CPU. The 2.45 MHz clock signal to the erc is called CLXO. 

Baud Rate and Clock Generation (4.0 MHz operation) 
4.0 MHz CPU operation requires the 8 MHz crystal installed in the CPU CLK position, 
and the 4.9152 MHz crystal installed in theAUX CLKposition. Baud rate, for tlie 68A50 
UART, U21, is generated by the erc, U16, zco output. This output drives a J-K 
Flip-flop, U24, which divides the clock by 2. This signal is used by the UART RXC and 
TXC clock lines as a master clock. 



4-52 Tencor SFS 4500 

Bus Interface 
The bus interface section provides buffering of address lines AO-AlS, and data lines 
DO-D7, buffered by ICs UI-3 respectively. ICs U4 and US buffer the following 
interface signals shown in Table 4-8. 

INTERFACE SIGNAL DEFINITION 

IORO* I/O Request 

BUSO* Bus Request 

WR* Write 

NMI* Non-maskable Interrupt 

RD* Read 

INTAK* Interrupt Acknowledge 

BUSAK* Bus AcknowledKe 

RFSH* Refresh 

MEMRO* Memory Request 

SYRESET* System Reset 

PCO 

WAIT* Wait Command 

CLOCK * 4.0 MHz Master Clock 
INT* Interrupt 

DEBUG* Debug Mode 

PCI 

MI* 

PB RESET* Push-button Master Reset 
. 

Table 4-8 Z80 Key Signals 

Z80 Processor 
The Z80 PCB utilizes the pO'p'ular Z80 microprocessor, U12, and supports CP/M 2.2. 
The processor signals proVIded at the bus are defmed by the Mostek STD-Z80 
defimtion .. ~herefore, all STD-Z80 boards are compatible. 

The Z80 processes instructions from the operating system (OS) ROM. These instruc­
tions primarily deal with system administration functions of the SFS 4500. The Z80 
and the BOOT ROM controls system reset and system boot functions. . 

9511/9512 Math Coprocessor 
The math coprocessor, U15, is provided to allow the Z80 to function at ,greater processing 
speeds and capacity. This chip perfonns math calculations by providmg a memory-like 
interface to enter numbers or receive results. The math coJ>rocessor allows both integer 
and floating point operations. A full set of transcendental functions are provided along 
with number fonnat conversions. This device greatly enhances the SFS4S00. 
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The coprocessor communicates with the Z80 on data lines 00-07. The ere signals 
the Z80 with SVRQ. ERR and END control signals via the ere interrupt control routines 
and the ere TR2 trigger input. . 

Counter Timer Circuit 
The counter timer circuit (ere), U16, is used to provide a programmable baud rate 
generator and an interrupt controller. The hardware is configured so the external 
mterrupts are brought to the ere's trigger inputS, TRI, TR2. Upon an active 
transition of the trigger inputs the ere uses mode 2 interrupts to vector to the service 
routine. Using the ere to control interrupts allows the ZSO to use its powerful 
interrupt mode on non-zgO peripheral devices. 

The ere provides the zeo clock to the UART. This clock is then processed by the 
UART to produce the programmed baud rates. The ere develops the UART clock 
zeo, and tngger input timing from the externally provided clocks eLXO and cI> produced 
by the clock source. 

UART 
The universal asynchronous receiver/transmitter(UARn, U21, is used for com­
munication with the various printer configurations. The UART receives a master 
clock, zeo, from the ere. The UART then generates the programmed baud rates for 
the transmitted data sent on the TX DATA line, Pl-3. 
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Jumper Options 
The following table list the jumper options for the Z80 CPU PCB to properly operate 
in the SFS 4500. 

JUMPER ACl'ION 

J3 El-2 IN 
. 

J3 Dl-2 our 
J3 Cl-2 our 
J3 Bl-2 our 
J3 Al-2 our 
J4 our 
J5 B-C IN 

J6 Al-2 IN 

J6 Gl-2 IN 
J611-2 IN 

J7 our 
J9A-B IN 

110 OUT 

HEADER 20 - J6 to D2 N 

Table 4-9 Z80 Jumper Configuration 

Reset Timing and Control 
The NE555 timer, U8, provides the RESET and RESET *signals to the ZSO CPU and all 
other PCBs in the SFS 4500. The 555 is triggered by the PB RESET* signal on Pl-48. 
The PB RESET signal is developed on the PPC PCB from a push-button switch closure. 
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I/O Control _ 
Input! Output control for the Z80 CPU is decod.ed by U20. ~ device .decodes ere, 
AClA, MATH and BID signals from LSB address bits AI-A7. ere IS the chip select (CS) 
signal for the counter timer chip. AClA is cs signal for the UART. MAUl is the Cs 
signal for the coprocessor. BID and other internal control signals develope the 
direction DIR control signal for the bi-directional data buffer for die data lines DO-D7. 
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4.4.3 SLAVE CPU PCB 

General 
Three major functions provided by the Slave CPU PCB are: 

1. Haze data processing 

2. Maintenance of one-half of the operator programmed menus 

3. Assist the Main Z80 CPU in data management 
The Slave CPU PCB is a Z80 based microcomputer board. It is designed to be a slave 
processor on the Z80 STD bus. 

The Slaye CPU PCB provides the Surfscan with a more efficient, faster method of data 
processmg. 

Features 

• The Z80 microprocessor 

• SID Z80 bus 

• Two 8-bit .parallel VO ports 

• 2K RAM memory 

• 8K ROM memory 

• 2K Non-Volatile RAM memory 

• Software controled baud rate 

Slave CPU PCB Functional Block Description 
The Slave CPU PCB processes Haze data, maintains part of the operator programmed 
menus, and assist the Main CPU PCB to integrate the individual PCBs of the Surfscan. 
Haze data and its control lines are bussed through the two 8-bit parallel V 0 ports. 
The Haze data is latched onto RAM memory, awaiting processing by the Z80 CPU. 
The Z80 CPU inputs operating instructions and programmed parameters from the 
ROM and the Dallas non-volatile RAM memory for processmg Haze data. The 
Counter/ Timer Circuit controls the baud rate of data processing. Output instructions 
from the Z80 CPU are routed through the STD bus. Refer to Fig. 4-17. 
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ZSO Microprocessor 
The Z80 CPU, UlO, is the board controller. It fetches, decodes and executes instruc­
tions from memory and generates the necessary address and control signal to co-or­
dinate data flow between the CPU and memory, or between the CPU and system I/O. 

Counterffimer Circuit 
The Counterffimer Circuit (CTC), U4, provides four independent, programmable 
channels for either software or hardware controlled counting and timing functions. 
The erc enables the Z80 CPU to read from memory by controlling the speed of 
delivery during read cycle time. The erc is enabled by the MEMORY ACCUMULATE, 
(MA), signal from the Pre-Processor PCB. 

2K RAM Memory 
The 2K RAM Memory, U6, stores input data awaiting processing during the next time 
cycle. The input data could be instructions from the system I/ 0 from the STD bus, or 
Haze data from the parallel I/O port. 

8K ROM Memory 
The 8K ROM Memory, U5, contains the operating instructions of the Slave CPU Pc. 
The information, contained within the ROM memory, is instructions to process Haze 
data and I/O system management. 

2K Non-Volatile RAM Memory 
The 2K Non-Volatile RAM Memory, U7, the Dallas DS1220Y IC, stores part of the 
operator J?rogrammed menus. Contained within the 24 DIP IC has a Lithium battery 
to maintam its memory upon system power down_ 

Two 8-Bit Parallel I/O Ports 
The two 8-bit parallel II 0 ports, 128, interfaces the Analog PC and Slave CPU PCB. 
The Analog PCB routes the Haze data through the two 8-bit parallel ports for 
processing at the Slave CPU. Haze data are routed through 128-pin 1 through pin 8. 
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The control lines HAZE STB, WREN, and WIDTH THRESHOLD identifies when data are 
to be process. These control lines are routed through J28-pin 10, 11, and 12 respec-
tively. . 

System Interface 
The Slave CPU PCB interfaces to the system II 0 through the STD bus. It has bus 
arbitration logic which uses BUSRQ ~~~ Request) ano BUSAK (Bus Acknowledge) 
control lines to access and share the bus with the Main CPU PCB. 

System Configuration 
Certain Juniper Straps are tied together to identify the capabilities of the Slave CPU 
PCB. These jumpers inform the ZSO CPU how much memory is available and what 
II 0 port lines are input and outp;i Fig. 4-19 labels the proper jumper configuration 
for the Surfscan Slave CPU, NO : JB 10, 11, 14, and IS have no jumpers. 

JBS J87,J88 J86 

~ 
--i--=+- + =L!= -t- + -+ 

J84 ~ 4- 4- 4-

+ % + + ~ ~ 
~ J816 J813 

+ 

~ 
+ T -t-

+ J89 
~ 

+ ~ 
;-

+ ;-
+ J812 

+ -t-
+ 

I 
+ 11 ;- I ~ + 

+ 4- 4-

. . 
Fig. 4-19 Slave CPU PCB Jumper Confl9uratlon 

4.4.4 Memory PCB 

Introduction 

The DY -4 Systems Inc. DSID-503 board is a general purpose 4-bytewide memory 
module. It has twelve 28 pin sockets which can individually be configured for any of 
the popular bytewide memory devices. The DSTD-503 supports PROM, EPROM, 
RAM and EEPROM devices. 

The software programmable memory mapping facility allows the sockets to be individually 
positioned anywhere in the Z80 processors address space on any 64K byte boundary. 

Features 

• Compatible with SID Z80 bus 
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• Twelve 28-pin memory sockets 

• Each socket individually configurable 

• Each socket allows individual address positioning on 4K/8K/16K address 
boundaries 

• More than one DSID-503 can be used in'a system· 

• The mapping RAM is accessed as an I/O port 

Functional Description 
The DSTD-503 consists basically of SID bus interface logic, memory mapping logic 
and twelve sockets each with its own configuration jumper block. Logic is mcluded to 
allow the-DSTD-503 to be configured for the Z80 bus, 
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Fig. 4-20 below illustrates the flow of address, data and . control signals on the 
DSTD-503. The following sections describe the function of each of the major blocks. 

A 

o 
o 
R 

C 

T 

R 
L 

o 
A 

T 

A 

MAPPING 
RAM 110 
DECODE 

MAPPING 

RAM 

Fig. 4-20 Memory PCB Block Diagram 

Memory Mapping Logic 

RAM 
CONTROL 

The main element of the memory mappin~ logic is a very high speed 16 X 6 bit memory 
array. The array may be read from, or wntten to via a single If 0 port. A latch is also 
provid~d to enable or disable the module. 

Memory Sockets 
Each of the memory sockets can be individually configured for any of the supported 
bytewide memory devices. ~ , 

EPROM memory selection by the ZSO CPU PCB is performed by device U19 pin 12. 
The ROM· signal enables the EPROM memory PCB. . 
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The following Table 4-10 shows the jumpers for the EPROM memory PCB . . 

JUMPER CONNECI10N 

1B1-8 lA-3C 
1BI-8 IB-2C 

1BI-8 lC-4B . 

IBI-8 2A-4B 

1BI-8 3A-3B 

IB9-12 1A-3C 

IB9-12 1B-2B 

IB9-12 1C-3B 

JB13 NONE 

IB14 1-2 

IB15 1-2 

IB16 NONE 

JB17 B8A-B 

JB17 B7A-B 

JB17 B6A-B 

JB17 B5A-B 

JB17 B4A-B 

IB17 B3A-B 

IB17 B2NONE 

IB17 B1NONE 

JB18 NONE 
Table 4-10 EPROM Memory Jumpers 
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4.4.5 DRAM PCB 

Introduction 
The dy-4 Systems DSTD-325 is a very dense dynamic memory module designed for 
use With the dy-4 Systems STD-Z80 bus products. 

Features 

• Configured With and Without Parity Checking 

• 256K-bytes for 4.0 MHz Operation 

• Unique Paging System 
Since only 64K-bytes of memory can be accessed by the microprocessor, the DSTD-325 
provides the additional memory decoding. This is accomplished using a high speed 
memory mapping RAM which IS programmed using I/O port instructions. 

The following Table 4-11 lists the jumper settings for the DRAM Memory PCB. 

JUMPER CONNECTION 

JB1 1A-1B 

JB1 2A-2B 

JBl 3A-3B 

JB1 4A-4B 

JB1 5A-7BNONE 

JB1 8A~8B 

JB2 NONE 

JB3 NONE 

Table 4-11DRAM PCB Jumpers 
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4.4.6 CPU-9 PCB 

The CPU-9 PCB is a sin2le board computer which bri!lgs multi-user, multi-processing, and 
networking to the SID BUS. The CPU-9 provides a Z80 central pr~ unit, two fully 
programmable serial RS-232/ 422 (optioDal RS-485) ports and two 16-blt timers. The 
board has a memory management system that allows up to 64k ~ of on-board static 
memory (which may be battery backedO, up to 32k ~ of on-board EPRO~ and up to 
128k bytes of off-board memory by using MEMemory EXpand (MEMEX). The maps, in 
4k segments, may fill up to three memory mapped banks. Multiple CPU-9 boards may be 
connected in parallel through the RS422 serial port. This networking system uses tristate 
balanced drivers and receivers provi~ a hi$h-5peed long distance synchronous intercon­
nect for distributed process control applicatIons. 

Standard Features 

• Z80 SID Bus compatible 

• Up to to 8 MHz operation 

• 64k bytes of on-board static RAM wlopt battery backup 

• From 4k to 32k (27256) bytes EPROM 

• Three software selectable memory maps in 4k segments 

• MEMEX and IOEXP are supported 

• Ghostable EPROM 

... Two serial communication ports with handshaking· 
Baud rates individually software selectable 

i~mU!lMM~~~.~~Yftls(opt RS-485) 

• Centronics printer interface 

• Two 16-bit timer channels wI interrupts 

• SBX interface connector allows daughter-board expansion 

• Real-time clock with battery backup 

• Full DMA supported 
The CPU-9 PCB's major function is to interface with the instrument's master CPU 
and provide serial output for SECS II communication at 11, and parallel output for 
downloading to a printer at 12. 
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SIGNAL SIGNAL 

RS-422 RS-232 NAME DIR DB25 CPU-9J1 DB25 DIR NAME RS-232 RS-422 

X X GND - 1 1 2 14 < TXA - X 
X X TXA* > 2 3 4 15 > RXA - X 
- X RXA* < 3 5 6 16 > RXA* - X 
- - N/C - 4 7 8 17 :> CI'SA* - X 
- X CSTA - 5 9 10 18 > CSTA - X 
- - N/C - 6 11 12 19 < DTRA* - X 
X X GND - 7 13 14 20 < DTRA X X 
X X GND - 1 15 16 14 < TXB - X 
X X TXB* > 2 17 18 15 > RXB - X 
- X RXB* < 3 19 20 16 > RXB* - X 
- - N/C - 4 21 22 17 > CSfB* - X 
- X CSTB - 5 23 24 18 < CSTB - X 
- - N/C 6 25 26 19 < DTRB* - X 
X X GND 7 27 28 20 < DTRB X X 

unused 29 30 unused 
unused 31 32 unused 
unused 33 34 unused 

Table 4-12Serial Port Wiring 

Serial Communications 
All serial communications are handled by the Z8530 serial communications controller 
chip. It is a dual chaIIDel, multi-protocol data communications peripheral. The SCC 
functions as a serial-to-parallel, parallel-to-serial converter/ controller. The SCC can 
be software confi~red to satisfy a wide variety of serial communications applications. 
The device contaIns sophisticated internal functions including dual on-chip baud rate 
generators, digital phase-locked loops, and a crystal oscillator. 

Output-Connections 
Outputs are available for RS-232 (+ /- 12V), RS-422 (0 to 5V differential) and 
optionally RS-485 (RS-422 wi improved drive) on connector 11. The following con­
SIderations were used to determine the pinout of 11: SID BUS PCB size specifications 
must be met; RS-232 was considered to be the most often used standard; mass 
termination was desirable; and signals for the other standards must be available to the 
user. 

Connection requires a cable with a 34-pin mass termination header connector plugged 
into PI. Conductors 1 through 14 are mass terminated into a female OB-25 connector, 
matching cable conductor 1 to DB-25 pin 1. Conductors 15 through 28 are mass 
terminated into a second female OB-25 connector, matching cable conductor 15 to 
OB-25 pin 1. Conductors 28 through 34 are unused and trimmed at PI. 
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The interface cable to the user's RS-232 terminal or printer may use a maximum of 
four conductors and a grounded shield. The CPU-9 is wired as DCE with the following 
connections on the DB-25 connectors: 

DB-25 CONNEcnONS 

1-GND 

2 - rrx (CPU-9 input) 

3 - /RX (CPU-9 oujput) 

5 - crs (CPU-9 output) 

7-GND 

20 - DTR (CPU-9 input) 

Table 4-13 CPU-9 DeE wiring 

SF1 allows the user to terminate the other side of the differential receivers when a siIIgle 
ended connection (RS-232) is used. H channel A is siIWe ended, strap SFS1 pins 3-4-5. If 
channel B is siIWe ended, strap SF1 pins 1-2-3. Strap all the pins together ifbOth channels 
are single endeo. Remove the stra~ from the applicable channel if differential receivers 
(RS-422) are desired. The pignut of SF 1 is as sliown in .Table 4-14 

SFl FUNCflON 

1 /DTRB CHANNELB 

2 TXDB CHANNELB 

3 GROUND 

4 TXDA CHANNEL A 

5 /DTRA CHANNEL A 

Table 4-14SF1 Wiring 

Table 4-12 explains the connections to 11, the two DB-25 connectors, the name and 
direction of the signals with respect to the CPU-9, and which standards apply. 
* indicates a signal which is low ( or negative) true. 

Parallel Printer Port 
The "Centronics Standard" for parallel printers is non-standard. That is, there is no 
set protocol for handshaking, number of bits used, strobe, or logic polarity. The 
parallel printer port on the CPU-9 can support approximately 90% of the parallel 
printers sold today. the CPU-9 transmits eight data bIts with a software programmable 
length low true strobe pulse. Two printer status bits mal be read through general 
purpose inputs on the Serial Communications Controller (SCC). 
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Connections 
A mass terminated cable may be manufactured to connect directly between J2 and the 
print~r. HandshakiI}g should meet the requirements of most pnnter. The following 
table lllustrates J2 pignUt. . 

PRINTER SIGNAL SIGNAL SIGNAL SIGNAL PRINTER 

PIN NAME Dm CPU-9J2 DIR NAME PIN 

1 STROBE * < 1-2 - GND 19 
2 DATA 0 < 3-4 - GND 20 
3 DATAl < 5-6 - GND 21 
4 DATA 2 < 7-8 - GND 22 
5 DATA 3 < 9-10 - GND 23 
6 DATA 4 < 11-12 - GND 24 
7 DATA 5 < 13-14 - GND 25 
8 DATA 6 N/C 15-16 - GND 26 
9 DATA 7 > DCDA 17-18 - N/C 27 
10 SSLCT N/C+ + 19-20 - GND 28 
11 BUSY > DCDB 21-22 - GND 29 
12 PE 23-24 - GND 30 
13 ACK* 25-26 - N/C 31 
14 unused FAULT 32 
15 unused unused 33 
16 unused unused 34 

Table 4-15_ Parallel Printer Port Wiring 

NOTE: Some printers use undefined pins for other functions. The ribbon 
cable must have at least 21 conductors for all printers tested, 
however, additional conductors from beyond #22 may be removed 
if the printer does not operate. 
+ + This pin may be used to generate an interrupt to the CPU-9. 



Overview & Description 4-67 

4.5 POWER SUPPLIES 

General 
The Surfscan 4500 power supplies are contained in the Power Drawer located on the 
left end and to the rear of the main chassis. 

The power drawer contains the following supplies and provides the following power 
to the SFS 4500: ---

• :t5 VDC 

• :t12 VDC 

• +24VDC 

• +33VDC 

• Laser Power Supply 

• Laser High Voltage PCB 
The power drawer also contains the following: 

• Video Monitor 115 V AC Power Connector 

• Video Monitor Fuse, F3 (2A FST) 

• Main Power ON/OFF Switch, Sl 

• Main Power Fuses, F1 and F2 (SA FST) 

• Main Power Transformer, T1 

• Input Power Line Filter 

• Voltage Select Module, Selections of 100, 120, 220, or 240 V AC 
For the following discussions on power supplies, calibration, and routing reference 
Tencor schematic #060518-02 "Power Supply Drawer", assembly print # 106828 
"Power Drawer Assembly", assembly print # 106771 "Harness Assembly - Power 
Drawer", and schematic/assembly print # 061050-02 "PCB Schematic, High Voltage". 

EleCtrical Requirements 

Note1: 

Note2: 

Permit a three minute warlTHJp before proceeding_ 

The following voltage verification/ calibration measurements re­

quire different ground lead locations. 
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Warning: NEVER attempt to verify the high-voltage power supply secondary 
voltage or associated voltages on the high-voltage PCB. Personal 
injury and/or equipment damage can occur. 

Step1: 
Connect the ground lead of a digital voltmeter to TB2 - Pin 1 or TB2 - Pin 2 on PS 1 
in the power drawer. Verify and adjust, if necessary, the following voltages: 

Step 2: 

System +5 VDC +4.90 VDC measured at the card cage 

+5.10 VDC at the distribution PCB. 

The idea is to balance these two measurement points around 5 VDC, 
e.g., 4.95 VDC and 5.05 VDe. 

System + 12 VDC 12.0 VDC ± l.OV 

System -12 VDC 12.0 VDC ± 1.0V 

System +36 VDC 31.0 VDC ± l.Ov at the handler PCB 

The remaining voltages can only be verified. If the voltage is found to be out of 
tolerance either the regulator on the respective PCB must be replaced or troubleshoot­
ing should be performed to locate the voltage drop between the power drawer and the 
PCB. 

Distribution + 5 VDCS.OV ±0.1 V 

Indexer + 5 VDC5.0V ±0.25V 

Handler + 5 VDC5.0V ±0.25V 

Distribution + 12 VDC12V ± 1.0V 

Distribution -12 VDC12.0V ± 1.0V 

Distribution + 24 VDC21.0V ± 1.0V 

Handler +33 VDC31.0V + 1.0V/-OV 

Distribution -5.2 VDC5.2V ±0.25V 

Note 3: 

Note 4: 

Voltages ±5, ± 12, +24 are supplied from PS1 in the power supply 
drawer. If any of these voltages are found to be out of specification, 
non-adjustable, or faulty, PS 1 must be replaced. 

The high-voltage supply input voltage of 117 VAC is the only 
voltage that can be verified. If the supply is suspect, a replacement 
supply must be obtained from Tencor. 
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Warning: NEVER attempt to verify the high-voltage power supply secondary 
voltage or associated voltages on the high-voltage PCB. Personal 
injury and/or equipment damage can occur. 
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5 ELECTRONIC ALIGNMENTS 

5.1 INTRODUCTION 

The following sections of this manual contain the elettronic alignment procedures for 
the surfscan alignment. 

Each section deals with a unique sub-section of the instrument and is a stand-alone 
procedure independent of other I'rocedures. Please note, however, that the above 
statement is not meant to suggest that the alignment of one section does not influence 
another section. Quite the opposite, as many sub-systems adjustments do effect other 
sections of the instrument, thus the overall alignment. . 

Note: It is important to note that the following electronic alignments 
depend on mechanical alignment. It is important that the mechani­
cal be performed before the electronic alignments. Mechanical 
alignment begins with Section 7.2. 

5.1.1 ADJUSTING THE PMT DRIVE 

Objective 
The PMT Control PCB Calibration Procedure sets the basic calibration of the Surfscan 
4500. This procedure assumes that other subsystems are properly aligned. 

Basic calibration requires fine adjustments made during the final calibration of the 
Surfs can using two VLSI Standards, which are traceable to the National Bureau of 
Standards (NBS). 

The ACS1423 Standard contains 1.091,um diameter Latex Spheres and is used for 
setting the Secondary Calibration Point. The ACS1425 Standard contains 0.364,um 
diameter Latex Spheres and is used for a Primary Calibration Point and verifying 
submicron sensit~l~' These standards have unique and specific ME~ SCATIER-
ING CROSS-SE ON values stated in units of square-microns {um . 

The Calibration Objective is to achieve the specified MEAN SCATIERING CROSS­
SECTION values for each Standard by settmg PMTI DRIVE with R28. 

The adjustment only allows for an approximate maximum of a ±6% change from the 
current setting with R28 set at absolute midpoint. 

NOTE: With a very small dynamic range of adjustment (±6%), this proce­
dure assumes that the AUTO-CAL, (AC), reference PMT Analog 
Pulse set by the AC fiber-optic tube is at a correct level. With the 
level set correctly, very small adjustments can be made with R28, 
to achieve calibration and still maintain an acceptable range of 
adjustment for future calibrations. 
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Itemsrrools Required 

Setup 

• Small Pot Tweaker 

• Digital Volt Meter (DVM) 

• VLSI Standard Model ACS1423; Tencor #081957 

• (Sphere Size = 1.091.um) 

• VLSI Standard Model ACS1425; Tencor #081973 
(Sphere Size = 0364.um) 

• PMT Control PCB Assy Drawing; Tencor #128066 

• Distribution PCB Assy Drawing; Tencor #055972 

Locate the following items: 

1. On the Distribution PCB Assy, locate transistor Q5-Pin 3.3. 

Tencor SFS 4500 

2. Using a DVM, monitor the PMT drive signal, HVD1, at Q5 pin 3 on the 
Distribution PCBA . 

. 3. Using Table 5-1, set the MENU parameters to the appropriate values based upon 
the Standard selected for scan. 

Procedure 

1. Setting the Primary Calibration Point (Sphere Size = .364 .urn) 

2. Set the appropriate MENU parameters for the ACS1425 Standard. 

3. Note the voltage at Q5-Pin 3, Distribution PCB, HVDl. 

4. Scan the .364,um latex sphere standard. 

5. Determine the MEAN SCATTERING CROSS-SECI10N value. 

6. The value should be 0.235 (±2%) .um2
• If the mean value of the particle data is 

not at the correct value, an adjustment of R28 is necessary. 

NOTE: An increase or decrease in HVD1 voltage as measured at QS-Pin 3 
of the Distribution PCB, cOITesponds with an increase or decrease 
in PMT sensitivity respectively. 

Verifying Higher Sensitivity (Sphere Size = 1.091 ,urn) 

1. Set the appropriate MENU parameters for the ACS1423 Standard. 
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SPHERE 

0.212 

0.238 

0.364 

0.500 

1.091 

2.02 

4.00 

2. Note the voltage at Q5-Pin 3, Distribution PCB, HVDl. 

3. Scan the 1.091 Jlm diameter latex sphere standard. 

4. Determine the MEAN SCATTERING CROSS-SECITON value. 

5. The value should be .924 (±6%) Jlm
2

• If the mea~ value of the particle data is not 
at the correct value, an adjustment ofR28 is may be necessary to allow the Surfscan 
to measure and determine the specified MEAN SCATfERING CROSS-SEC­
TIONS for the ACS1423 and ACS1425 standard. 

NOTE: If adjustments with R28 do not achieve the specified values for both 
standards, a problem may exist with the system, either optically or 
electrically. The instrument may need comprehensive calibration. 

SCATfERING 

PARTICLE CROSS-SECITON 

MAXSZ THRESHOLD FROM TO BIN MIN MEAN MAX 

0.256 0.002 .003 .030 .001 0.013 (0.014) 0.015 

0.256 0.004 .012 .040 .001 0.022 (0.024) 0.026 

0.512 0.008 .160 .280 .002 0.216 (0.220) 0.224 

2.56 0.02 .380 .820 .01 0.562 (0.585) 0.608 
2.56 0.02 .58 132 .01 0.87 (0.924) 0.98 
5.12 0.04 1.32 3.12 .02 1.97 (2.14) 231 

10.24 0.08 2.64 6.32 .04 3.80 (4.32) 4.84 

Table 5-1 Surfscan Calibration Table 

5.1.2 SETTING THE SCAN MIRROR GAIN & AMPLITUDE 

Objective 
The Distribution PCB drives and controls the Scan Mirror. Two potentiometers are 
provided for adjusting the drive and control. The adjustments to both potentiometers 
affect Start-Up, Scan Amplitude, and Scan Stabilization. 

Improper settings of drive and control can cause a system interrupt and! or scan inconsisten­
cies. 
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Itemsffools Required 

• Digital Volt Meter (DVM) 

• Oscilloscope 

• Small Pot Tweaker 

• Distribution PCB Assy Drawing; Tencor # 055972 

Setup 
On the Distribution PCB, locate the following items: 

1. R25, Scan Feedback Gain Pot, Next to U17 

2. R52, Scan Amplitude Pot, Next to U19 

3. C16, Next to R25 

4. TP-7, Marked "AMPL" on the PCB, Next to R25 

5. TP-8, Marked "SCaN" on the PCB, Lower!Left Comer of PCB 

6. TP-6, Marked "AGND" on the PCB, Lower!Left Corner of PCB 

Alignment Procedure 

1. Power OFF the Surfscan. 

2. Set both R25 and R52 to the following: 
R25: Using a DVM place the test leads across C16 of the Distribution PCB. Adjust 
R25 until the DVM reads approximately 12.5 kQ. 

R52: Place the test leads at R51-Top and AGND. Adjust R52 until the DVM reads 
approximately 833 Q. 

1. Switch DVM to voltage mode and place the DVM (+) lead at TP-7, AMPL, and 
(-) lead at TP-6, AGND. Using an oscilloscope, monitor the Scan Mirror Drive 
signal at TP-8, SCON. 

2. Power ON the Surfscan. Note the sinuosity waveform and AMPL voltage reading 
displayed on the DVM. Reference Fig. 5-1 shown below. 

3. Measure the period of one cycle of the waveform. If it is less than 2500 IlS, increase 
the gain by adjusting R25 (CW) until one cycle-period measures 2500 IlS, as shown 
below in Fig. 5-1. 

4. Use the appropriate step, A or B, based on the AMPL voltage reading. 
Greater than -2.5 Volts indicates lack of Scan Amplitude. Increase the Scan 
Amplitude by adjusting R52 (CCW) until the AMPL voltage reads -2.5 Volts ±O.5V. 

Less than -2.5 Volts indicates an excess of Scan Amplitude. Decrease the Scan 
Amplitude by adjusting R52 (CW) until the AMPL voltage reads -2.5 Volts ±O.5V. 
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1. Verify the settings by powering OFF, then powering ON the instrument. The Scan 
Mirror should Self-Start and the AMPL voltage should settle at -25 Volts ±0.5V 
within 5 to 10 seconds. 

+ 10.5V 

+5V 

OV 21V p-p 

-5V 

- 10.5V 

2500pS---1 

Fig. 5-1 Scan Mirror Drive Signal 



5-6 Tencor SFS 4500 
----.---------------------------'----"'-~~-"-~~ 

5.1.3 ADJUSTING THE MONITOR DISPLAY 

Introduction 
The following procedures are used to adjust and align thje Mitsubishi Electric and 
Sony monitors used on the Surfscan instruments. . 

. These procedures begin with the equipment needed and then proceed thru various 
alignment and calibration stages of monitor alignment. -

DANGER: It is recommended that the service technician remove ALL jewelry, 
watches, and rings, as well as any other metal jewelry. This is for 
your personal safety. 
Exercise greqat caution when adjusting the high-voltage supplying 
the 2nd anode of the picture tube. 

5.2 POWER SUPPLIES 

General 
The Surfscan 4500 power supplies are contained in the Power Drawer located on the 
left end and to the rear of the main chassis. 

The power drawer contains the following power supplies for the SFS 4500: 

• ±5 VDC 
• ±12 VDC 
• +24VDC 
• +33VDC 
• Laser Power Supply 
• Laser High Voltage PCB 

The power drawer also contains the following: 

• Video Monitor 115 V AC Power Connector 
• Video Monitor Fuse, F3 (2A FST) 
• Main Power ON/OFF Switch, Sl 
• Main Power Fuses, Fl and F2 (SA FST) 
• Main Power Transformer, T1 
• Input Power Line Filter 
• Voltage Select Module, Selections of 100, 120,220, or 240 VAC 

For the followinf; discussions on power supplies, calibration, and routing reference 
Tencor schematic #060518-02 "Power Supply Drawer", assembly print # 106828 
"Power Drawer Assembly", assembly print # 106771 "Harness Assembly - Power 
Drawer", and schematic/assembly print # 061050-02 "PCB Schematic, High Voltage"_ 
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Electrical Requirements 

I NOTE1: 

NOTE2: 

Permit a three minute warm-up before proceeding. 

The following voltage verification! calibration measurements re­
quire different ground lead locations. 

WARNING: NEVER attempt to verify the high-voltage power supply secondary 
voltage or associated voltages on the high-voltage PCB. Personal 
injury and/or equipment damage can occur. 

Step 1: 

5-7 

Connect the ground lead of a digital voltmeter to TB2 - Pin 1 or TB2 - Pin 2 on PSI 
in the power arawer. Verify and adjust, if necessary, the following voltages: -

System +S VDC +4.90 VDC measured at the card cage 

+S.10 VDC at the distribution PCB. 
The idea is to balance these two measurement points around S VDC, e.g., 4.9S VDC 
and S.OS VDC. 

System + 12 VDC12.0 VDC ± l.OV 

System -12 VDC12.0 VDC ± l.OV 

System + 36 VDC3l.0 VDC ± l.Ov at the handler PCB 
Step 2: 

The remaining voltages can only be verified. If the voltage is found to be out of tolerance 
either the regulator on the respective PCB must be replaced or troubleshooting should be 
perfpnned to locate the voltage drop between the power drawer and the PCB. 

Distribution + S VDCS.OV ±0.1 V 

Indexer + 5 VDCS.OV ±0.2SV 

Handler + 5 VDCS.OV ±0.2SV 

Distribution + 12 VDC12V ± l.OV 

Distribution -12 VDC12.0V ± l.OV 

Distribution + 24 VDC21.0V ± 1.0V 

Handler + 33 VDC31.0V + l.OV/-OV 

Distribution -5.2 VDC5.2V ±O.2SV 
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NOTE 3: 

NOTE 4: 

Tencor SFS 4500 

Voltages ±5, ± 12, +24 are supplied from PS1 in the power supply 
drawer. If any of these voltages are found to be out of specification, 
non-adjustable, or faulty, PS 1 must be replaced. 

The high-voltage supply input voltage of 117 VAC is the only 
voltage that can be verified. If the supply is suspect, a replacement 
supply must be obtained from Tencor. 

WARNING: NEVER attempt to verify the high-voltage power supply secondary 
voltage or associated voltages on the high-voltage PCB. Personal 
injury and/or equipment damage can occur. 
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5.2.1 LASER POWER SUPPLY TEST CABLE OPERATION" & TEST PROCEDURE 

Overview 
This test cable enables maintenance personnel to safely measure laser plasma tube current 
on Helium Neon laser systems. The cable is inserted between the laser head and the laser 
power supply. A voltage is read across a series resistor in the cable assembly. This value 
IS then converted to current by a conversion factor 1 volt = 1 milliamp. 

Objective 
The purpose of this test is to measure the laser tube current to ensure proper operating 
current. This parameter, when not correctly set, can drastically effect the laser 
performance and tube life. 

I CAUTION: ELECmlCAL SHOCK HAZARD COULD OCCUR. 

List of Equipment 

• Laser Test Cable; PI N 167320-19 

• Digital Volt Meter 

Setup and Procedure 

1. Unplug the AC power cable and turn off master power switch to ensure that AC 
power to the laser power supply is off. 

2. Carefully unplug the laser head from the power supply by separating the 
male/ female molded plug pair. Be sure not to touch the male/ laser plug end until 
the residual charge on the laser has been discharged. This can be accomplished 
by shorting both male ends together against the optical plate or the chassis. 

3. Plug in the double lead into the multimeter and measure the resistance. This 
_should be 1Ko ± 1 %. Be sure to reset the meter to voltage measurement before 
proceeding to the next step in the procedure. 

4. For SAFE7Y, be sure not to touch the male laser plug end until the residual charge 
on the laser has been discharged. This can be accomplished by shorting both male 
ends together against the optical plate or the chassis. 
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NOTE: 

Tencor SFS 4500 

8e sure all connections between the laser cable, the laser power 
supply and the test cable are tight and secure. 

5. Connect the test harness in the following manner. Connect the test harness male 
molded plug into the power supply female plug. Connect the laser plug into the 
test harness female plug. Set the meter to at least 19 volts full scale. 

NOTE: All plugS/sockets are labeled for proper connections. 

6. Tum on the system and record the voltage reading after a 90 second warm-up period. 
If the instrument has been powered down for an extended period of time (several 
days), allow the instrument to warm-up and stabilize for 30 minutes. 

NOTE: 1.0 volt is equivalent to 1.0 rnA of laser tube current. 

7. Turn off the main power switch and carefully disconnect the molded plugs. Be 
careful of shock hazard and short the leads from laser together. 
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Results 
The following should be considered when evaluating and adjusting tube currents. 

The tube current should fall with in the ranges. 

SYSTEM LASER POWERIMODEL CURRENT· RANGE 

SFSIOO 2.0mW S.OmA ±03IlA 

SFS160 " " " 

SFS164 " " " 
SFS200 " II " 

SFS260 " " " 
SFS300 " " " 
SFS364 " " " 

SFS3000 " " " 
SFS4000 " " " 
SFS4S00 " " " 
SFSSOOO " " " 
SFSS500 5.0mW .smA ± O.3Il A 

Table 5-2 Laser Power Supply Adjustment Table 

NOTE: Not all units have current adjustments available on the power 
supply. 

The-laser power supply should be adjusted to the correct tube current if the value 
measured falls outside the specified range. This is accomplished by removing the tape 
covering the adjustment trim pot. Adjust the pot the specified value from Table 5-2. 
After adjustment is complete, replace the tape seal with a new seal. 

This tape seal is used to indicate possible tampering and unauthorized adjl!stments. 
Be sure to replace (or put in place, if missing) this tape with a new seal, PIN 167606. 

It should also be noted that beam intensity should be steady after any adjustments are 
made. 
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5.3 MECHANICAL AUGNMENTS 

General Infonnation 
By providing periodic mechanical checks and alignments on the Surfscan wafer 
handling system, downtime attributed from mechanical problems can be greatly 
reduce. The mechanical alignments involve the many se~ needed by the Surfscan 
for its proper functional characteristics. These Surfscan functional characteristics are: 

1. Smooth wafer transport system 

2. Smooth wafer indexing system 

3. Correct wafer positioning for scanning 
To achieved the 3 functional characteristics of the Surfscan wafer handling system, 
checks and alignments must be made on the various components. The Surfscan wafer 
handling system consists of: 

l. The trolley 

2. Vacuum valve and vacuum 

3. Various optical sensors and test flags 

4. Puck and puck arm 

5. Stepper motor and clutch system 

6. Indexer platform 

7. Lead screw and guide rails 

8. The Coulissa 
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5.3.1 SCANNING OPTICS 

Objective: 
This procedure is a two step process covering the installation of a Laser, and the Beam 
Scan alignment itself. The overall objective is to create a tightly focused, circularly 
polarlze(f beam spot; then create a vertical raster scan properly ·aligned with the 
positions of the Auto- Zero and Auto-Cal sensors. _ 

Proper installation of the Laser Assembly, and precise alignment of the Laser 
Beaml Scan is critical to the instrument's measurement performance. It ensures 
proper beam positioning and polarization. This procedure entails mechanical align­
ments made only at the Optics Plate. 

NOTE: Adjustments made on the Scanning Optics Assembly assume that 
the AC and AZ sensors are located in their factory set position. With 
this assumption, the sensors are used as a reference in positioning 
the beam scan. See Section XXX for AC and AZ sensor alignment. 

Itemsffools Required 

• 1 InterLock Magnet 

• Polarizer 

• Beam Targets 

NOTE: Upon determining the Laser Assy requires replacement, DO NOT 
REMOVE THE BAD LASER ASSY, until its vertical position within 
its Mounting Brackets have been determined. 

PROCEDURE 

Setup 

1. With the instrument power off and the Scan Unit Hood removed, place the 
Interlock Magnet on the Laser Interlock Switch. 

2_ Remove the front cover of the instrument. Also, remove the black cover plate 
directly, behind the Distribution PCB. 

3. Disconnect the Laser from the High Voltage connector. 

Laser Removal and Installation 

1. Install the Polarizer, flush, under the bad Laser and securely tighten the Polarizer 
set screws. This sets the vertical laser position. 
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.:/:. 

2. Loosen the Laser Mounting screws and count the number of CCW turns on each 
screw to within a 1/4 turn. Loosen only to allow easy removal of the Laser. 

Top Bracket: Left ___ _ Right ___ _ 

Bot Bracket: Left ___ _ Right ___ _ 

Table 5-3 Turns: Laser Mounting Set Screws 

3. Remove the bad laser and insert the new laser from the top mounting bracket. If 
necessary, depress the spring loaded pins while inserting the new laser. Insert the 
new laser flush with the Polarizer. 

4. Reconnect the Laser with the HV cable and Power On instrument. 

5. The Laser should come on; if not, reposition the Interlock Magnet. 

Polarization 

1. Slowly rotate the laser until the Laser beam disappears from the surface of the 
Double Right Angle Prism. 

2. Using Table 5-3, secure the Laser by turning the mounting set screws CW, the 
number of turns noted. 

3. Remove the Polarizer and insert the Turret Mirror Beam Target. Using a small 
white piece of paper (approx. 2" x 2"), clean room type, check the shape and 
intensity of the Beam Spot. 

NOTE: It should be circular and somewhat uniform in intensity from center 
to edge. It should also be free of defects at its perimeter. If not, 
proceed to the Advanced Optical Alignment section. 
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Advanced Optical Alignment 

NOTE: These next sections deal with Advanced Optical Alignments and 
extreme caution should be used. These alignments should be 
performed by a qualified Tencor Instrument Representative only. 
Misalignment may cause invalid readings and degrade the perfor­
mance of the Instrument. 
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1. Remove the Spatial Filter and Spring by removing the top plate and then the 
Spatial Filter Block. 

DO NOT LOOSEN OR REMOVE THE SPATIAL FILTER MOUNTING ASSY. 

2. Adjust the Laser Mounting Set Screws to position the Beam at the Turret Mirror 
Target or center of Turret Mirror. Since laser replacement is all that is involved 
the adjustments to the Laser position are all that is required. 

DO NOT ADJUST THE DOUBLE RIGHT ANGLE PRISM. 

3. Replace the Spatial Filter, Spring and cover. Lightly secure the cover to allow for 
X -Y positioning. 

4. Position the Spatial Filter, using the X-Y Adjustment Screws, for a circular beam 
spot with uniform intensity and free of defects. 

5. Once beam positioning is accomplished with the Beam Target, check the beam 
path beginning at the Turret Mirror. Using the white piece of paper, ensure that 
the beam is approximately centered on each optical element stated below in the 
following order: 

• Turret Mirror (Target) Checks Laser and Prism X-V Positions relative to 
Turret Mirror Target. 

• Main Focus Lens 

• Scan Mirror (Target) Checks Turret Mirror X-Y Position relative to Scan 
Mirror Target. 

6. Adjust the Turret Mirror to center the beam on the Scan Mirror if necessary. 
Upon correcting the Beam Path, verify the Beam Scan is positioned properly on 
both the Auto-Zero (AZ) and Auto-Cal sensors . 

• Centering 

• Stand-off 

• Twist 
If the Beam Scan is not properly positioned on both sensors, perform Scan Mirror Alignment. 
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Scan Mirror Alignment 
The Scan Mirror mount has three adjustment degrees of freedom; Centering, Stand­
off, and Twist. See Fig. 5-2. 
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Fig. 5-2 Scan Mirror versus Sensor Adjustment 
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The adjustments are made with the screws described in Fig. 5-3. 

do Nt adjust 

\ 

t..,.st. 
·(31 4dj-

center-ins 
(21 ad} 

-.- s-ldndoff 
(2)~d} 

Fig. 5-3 Scan Mirror Adjustment Screws 

NOTE: 

Centering 

Adjustments made on the Scanning Optics Assembly assume that 
the AC and AZ sensors are located in their factory set position. With 
this assumption, the sensors are used as a reference in positioning 
the beam scan. See Section XXX for AC and AZ sensor alignment. 
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Disconnect the AC sensor to allow the Beam Scan to remain fixed. The scan amplitude 
will be longer than normal. Centering should be done with the scanned laser beam 
hitting the tops of the Auto-Cal (AC) and Auto-Zero detectors but not entering the 
slots. Place the ruler or scale under the beam scan, on top of the sensors. This allows 
the limits of the beam scan to be easily seen referenced to the scale. 

I. With the Centering adjustment screws slightly loosened, adjust the scanning mirror 
mount so that the overscan length portions are equal on the AZ and AC sensors. 

2. Support the Scan Mirror assembly while slowly tightening the Centering adjustment 
screws. Alternate the tightening of the screws to avoid shifting the assembly. 
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Stand-ott and Twist 

1. Move the Scan Mirror in the directions that affect the beam Stand-Off. Twist the 
Scan Mirror assembly so that the beam scans close to the sensor slots, on the same 
side of the slots of the two sensor assemblies, but still does not ent~r the slots. 

2. Look at the surface of the Scan Mirror with somewhat subdued ambient light and 
check to see that the beam spot is centered on the Scan Mirror. If it is not, the 
beam spot will have to be recentered on the Scan Mirror. Repositioning of the 
beam with the Turret Mirror may be necessary . . 

3. Re-check the Centering of the beam scan on the sensors and readjust if necessary. 

4. Now adjust the Stand-off and twist to place the beam scan directly into the centers 
of the slots of both detectors. 

5. Support the Scan Mirror assembly while slowly tightening the adjustment screws. 
Alternate the tightening of the screws to avoid shifting the assembly. 

5.3.2 COLLECTION OPTICS ALIGNMENT 

Objective 
This procedure deals with the aligrunent of the Collection Optics. The Collection 
Optics is made up of the following items: 

• Elliptical Mirror 

• Light Baffle 

• Beam Catcher 
The main objective of the procedure is to optimize the collection of scattered light 
occurring during a wafer scan. 

This procedure assumes both the Scanning Optics and Puck Arm related alignments 
are accurate and complete. 

ltem/TQols Required 

• White Striped Wafer 

• 2" x 2" Post Its (Clean Room Type) 

• Standard Allen Wrench Set (Inch) 

• Interlock Magnet 

Setup 

1. Disable the PMT by setting the MAX SIZE parameter to O. 

2. Set the Wafer Transfer Mode to 1-Wafer Mode. 
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3. Remove the Beam Catcher and Ught Bame. 

4. Remove the Scan Hood and enable the laser by placing the magnet over the Laser 
interlock switch. 

Procedure 
Elliptical Mirror Alignment (Setting F2) 

1. Reset the SFS4500 to ensure the system is properly initialized. 

2. Press [START] and place the White Striped wafer on the puck with the strip 
perpendicular to the puck (See Fig. 5-4). 

Fig. 5-4 White Striped Wafer Placement 

3. Press [START] again to scan the wafer. [STOP] when the scan reaches the middle 
of the wafer where the stripe is located. 
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4. A bright-sharply focused line should be present at the center of the fiber-optics 
bundle. This point is known as F2, focal point 2. See Fig. 5-5 . 
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Fig. 5-5 Ught Scatter at F2 

5. Loosen the Elliptical Mirror screws, and adjust the mirror with a twisting and 
lifting action for a sharp line across the center of the bundle. 

6. Secure the mounting set screws of the Elliptical Mirror and press [HOME] to 
remove the wafer. 

Light Bame Installation 

1. Once F2 has been set with the Elliptical Mirror, the light baffle can be installed. 

2. Scan a bare silicon wafer and [STOP] at mid-scan to achieve a reflected beam. 

3. The light baffle should be placed so that the sides of the baffle opening do not 
interfere with either the primary or reflected beam. Using the Post Its, place one 
across the baffle opening at both ends of the scan so that both the primary and 
reflected beams can be observed. See Fig. 5-6. 

4. The primary and reflected beams should be placed symmetrically at the thirds 
points of the baffle opening. Secure the mounting set screws and carefully verify 
the beams aren't touching the sides of the baffle opening. 
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Fig.5-6 Light Baffle Placement 

Beam Catcher Installation 

1. Install the beam catcher and keep the mounting set screws loose for adjustments. 

2. It should be installed so that it "catches" the reflected beam and not interfere with 
the primary beam. 

3. Post Its can be placed onto the beam catcher for easier verification of the beam 
on the assembly (Fig. 5-7). 

Fig. 5-7 Beam Catcher Installation 
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4. Secure the mounting screws and verify the reflected beam is parallel with the edge 
of the beam catcher. Also, verify the tops of the Beam Catcher mounting blocks 
are parallel with the top of the collection optics housing (See Fig. 5-8). 

Fig. 5-8 Beam Catcher Aligned with Collection Optics Housing 



Alignments & Adjustments 5-23 

5.4 TROLLEY ALIGNMENT 

General Information 
Proper robotic aJignment insures proper functional characteristics of the Surfscan wafer 
handling system and the scan unit optical colle<#on system. The trolley, elevators and the 
vacuum valve control assembly are the major oorrqionents thatwill be adjusted in this section. 

SCAN UNIT 
ENTR"II POINT 

7 UNIT 

TROLLEY ASSEMBLY 

~r----. 

(~ER TROLLEY LOCA-
TION WITHOUT 

7 Y 

I I 

TROLLEY BASE 

~~ 

. Fig. 5-9 Trolly Base 
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The Trolly Home Sensor Alignment provides proper trolly positioning to load and unload 
a wafer from an indexer. Improper alignment can cause wafer crash due to the suck 
reaching into the wafer cassette at an incorrect angle of approach. Refer to Fig. 5-1 

WAFER CASSETIE 

IMPROPER TROLLEY 
POSTITION TO 

LOAD A WAFER --------. 

Fig. 5-10 Incorrect Wafer Load Positions 

TROLLEY 
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5.4.1 TROLLEY BASE ALIGNMENT 

The Trolley Base alignment objective is to align the trolley base holding the puck arm 
parallel to the guide rails on which it rides. 

Itemsrrools Required 

• Bubble level 

• A standard Allen wrench set. 

Alignment Procedure 

1. Power off the Surfscan. 

2. Place a bubble level on top of the trolley base (Fig. 5-11). 

Fig. 5-11 Trolly base with bubble level 

TROLLEY BASE 
WITH 

BUBBLE LEVEL 

3. Move the trolley base as close to the scan unit entry point as is possible and still 
be able to observe the bubble level on the base. Compare the bubble level on the 
base of the trolley to the system bubble level located on the handler frame near 
the trolley home position. 

4. If the two bubble level positions match, no adjustment is needed. If they do not, 
loosen the eccentric bearing locking screw. 

5. Reposition the eccentric bearing adjust screw until the two bubble levels match 
each other. 

6. Tighten the eccentric bearing locking screw. 
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Puck Ann Alignment 

Objective 

Tencor SFS 4500 

The Puck Arm and Puck alignment objective is to provide a correct angle of wafer tilt 
for proper laser beam reflection. . 

-
NOTE: The Puck Ann and Puck alignment is performed within the scan unit 

with the collection optics removed for accurate wafer tilt position­
ing. It is possible to perform this alignment at the scan unit entry 
port, but at a cost of reduce wafer tilt accuracy. 

Itemsffools Required 

• Puck alignment tool, T bar 

• A standard set of Allen wrenches 

Alignment Procedure 

1. Place the specially designed puck alignment tool fixture between the Puck and the 
two guide bars (See Fig. 5-12)_ 

Fig. 5-12 Puck Alignment Tool Positioning 

PUCK ALIGNMENT TOOL 
(TFIXTURE) 

GUIDE BARS 
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2. If the front face of the puck is fitted smoothly fluSh with the top of the puck 
alignment tool, no adjustment is needed (See Fig. 5-13). 

AREA TO CHECK 
FOR FLUSHNESS 

TOP VIEW 

•• •• 

Fig. 5-13 Proper Puck Arm And Puck Alignment 

PUCK ALIGNMENT 
TOOL 

TROLLEY 

3. If the puck is situated below or above, and!or tilted from the puck alignment tool, 
loosen and adjust Height adjust screw and! or the Arm Roll adjust screw. Adjust 
the height and roll of the puck arm to have the puck front face fit flush with the 
puck alignment tool. 

4. Adjust the Pitch Adjust and Pitch Clamping screws to align the puck front and side 
faces flush within the enclosed puck alignment tool. 

Setting the Home Position 

Objective 
The Trolley Home Sensor alignment provides proper trolley positioning to load and 
unload a wafer from an indexer. . ~ 

Itemsrrools 

• A standard set of Allen wrenches 
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Alignment Procedure 

1. Set menu parameter to 1 wafer mode. 

2. Press [START] and watch the trolley move and position itself in front of the sender 
indexer. 

3. If the puck is not perpendicular to the indexer to load "a wafer, reposition the trolley 
home sensor. 

4. To reposition the trolley home sensor, loosen its two position screws. Move the 
home sensor forward toward the trolley home flag if the trolley travels short of 
the perpendicular position relative to the indexer. Move the home sensor away 
from the trolley home flag if the trolley travels beyond the perpendicular position 
relative to the indexer (See Fig. 5-14) 

INCORRECT TROLLEY 
LOADPosmON 

CORRECT TROLLEY 
LOAD POSITION 

Fig.5-14 Correct and Incorrect Trolley Load Position 

5. Repeat step 2,3, and 4 until correct trolley home sensor position is achieved. 
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5.5 INDEXER ALIGNMENT 

General 
Alignment to the Indexer Assembly needs to be accomplished for proper wafer 
location identification and handling from the puck. . 

5.5.1 ELEVATOR PLATFORM AUGNMENT 

The platform holding the wafer cassette must be adjusted parallel to the puck. To identify 
if the platform is in need of adjustments, implement the following instructions. 

1. Set menu parameter to 1 wafer mode. 

2. Press [START] to move the Trolley so that the puck is in front of the platform 
waiting to load a wafer. 

3. Place a bubble level on the end of the puck and identify the position of the bubble. 

4. Place the same bubble level upon the center of the platform and verify the bubble's 
location matches that of the puck. If the two bubble locations does not match, 
adjust the platform's pitch or roll (Fig. 5-11) to match the bubble level position of 
the puck. 

5.5.2 PARK FLAG ALIGNMENT 

The park flag alignment is made to provide proper wafer removal and insert by the puck 
onto the wafer cassette on the indexer. To align tlie park flag, implement the following steps. 

1. Place a wafer at the bottom slot of the wafer cassette carrier. Place the cassette 
on the indexer and press [START]. 

2. Press [STOP] just as the puck starts to its tum into the indexer. 

3. Use the manual buttons located on the Handler PCB to bring the puck slowly toward 
the indexer. Check to make sure the puck does not run into the wafer. 

4. Press [START], when you achieved vacuum and the indexer lowers the cassette's 
wafer onto the puck. Press [STOP] as the wafer is about to be drawn out of the 
cassette. 

5. Run the wafer out with manual controls, checking to make sure the wafer is in the 
middle of the cassette slot (Front to back and on both sides). 

6. Disconnect the EMOT connector, JI9, on the bottom left hand corner of the 
indexer PCB. Turn the elevator lead screw to center the wafer in its slot. 

7. Turn the Hag Position Screw just until the Park lED of the indexer PCB comes on. 

8. Re-install the EMOT connector, JI9. 
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9. Press [HOME], and recheck the Park Position, making sure the wafers at the bottom 
and top of the wafer cassette are pulled out of the center of the cassette slots. 

5.5.3 THROUGH-BEAM SENSOR 

The Through-beam sensor is adjusted to identify wafer location within its carrier 
cassette. To identify if the through-beam sensor is at its optimal position, place a wafer 
at every other slot in the wafer carrying cassette. Load that cassette onto the indexer. 
Press [CASS] on the keyPad. Located on the right side of the monitor is a drawing of 
twenty-five vertical contIguous boxes corresponding .to the twenty-five slots on the 
wafer carrying cassette. If the marked boxes identitying the presence of a wafer at a 
specific slot does not match that within the cassette, the through-beam sensor needs 
to be adjusted. To adjust the through-beam sensor, implement the following steps. 

1. Place the test leads of a digital volt meter (DVM) at test point 8 of the Indexer 
PCB and the Analog Gnd of the Distribution PCB. Set the DVM to -read in 
milli-volts DC. 

2. Place an Allen wrench on top and while depressing the carriage switch, press [CASS] 
on the keypad and watch the indexer platform go to the bottom position. 

3. Adjust the through-beam sensor post (the receiver) and its infra-red light source 
to face each other to achieve maximum sensitivity registered in milli-volts on the 
DVM. 

4. Tighten both the through-beam sensor post and its light source into position. 

5. Remove the Allen wrench from the carriage switch and watch the platform find 
home position. 

6. Place a half filled wafer cassette, one wafer in every other slot, onto the Indexer 
and press [CASS] on the keypad. 

7. Adjust the through-beam sensor light source so that the wafers in the cassette 
match that printed on the monitor. Use the voltage reading on the DVM as a guide 
for ,adjusting the through-beam sensor light source. The voltage reading at test 
point 8 will vary corresponding to the through-beam sensor sensitivity. 

8. Repeat step 6 until the wafers in the cassette matches that shown on the monitor. 
Tighten down the through-beam sensor light source. 
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5.5.4 THROUGH-BEAM WAFER SENSOR 

--{ 1" ) 

i 

I 
i 
Fig~s:.15 Indexer Assembly 
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5.6 CAUBRATION 

Calibration Verification 

Section Contents 

• VLSI Standards Brochure 

• VLSI Standards Scattering Table 

• Adjusting PMI' Drive 

• Setting Haze Calibration 

• Comprehensive Calibration 

• Verifying Fl and F2 

• Basic Calibration 

5.6.1 VLSI STANDARDS BROCHURE 

Reference - IIlncrease Your Instrument Accuracy' VLSI Standards 
Spring/Summer Catalog in the front pocket of this manual. 
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5.6.2 VLSI STANDARDS SCATIERING TABLE 

Objective 
Table 5-4 VlSI Standards Scattering Table lists the mean scattering cross-sectional 
minimum, mean and maximum values for the VISI Latex Sphere Reference Wafers listed 
in the previous section and used to cahbrate the ,instrument in the following sections. 

SCAlTERING 

PARTIClE CROSS-SECTION 

SPHERE MAXSZ THRESHOLD FROM TO BIN MIN MEAN MAX 

0.212 0.256 0.002 '()O3 .030 .001 0.013 ' (0.014) 0.015 

0.238 0.256 0.004 .012 .040 .001 0.022 (0.024) 0.026 

0.364 0.512 0.008 .160 .280 .002 0.216 (0.220) 0.224 

0.500 2.56 0.02 .380 .820 .01 0.562 (0.585) 0.608 

1.091 2.56 0.02 .58 1.32 .01 0.87 (0.924) 0.98 

2.02 5.12 0.04 1.32 3.12 .02 1.97 (2.14) 2.31 

4.00 10.24 0.08 2.64 632 .04 3.80 (4.32) 4.84 

Table 5-4 VLSI Standards Scattering Table 
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5.6.3 BASIC CAUBRATION 

Basic calibration involves adjustment of the Surfscan hardware listed below: 

• Adjusting the PMT Control PCB. 

• Setting the PMT Drive with the Auto-Cal Fiberoptic line. 

• Setting the Haze Calibration. 

5.6.4 ADJUSTING THE PMT CONTROL PCB 

Objective 
The PMT Control PCB Calibration Procedure sets the basic calibration of the Surfscan 
4500. This procedure assumes that other subsystems are properly aligned. 

Basic calibration requires fine adjustments made during the final calibration of the 
Surfscan using two VLSI Standards, which are traceable to the National Bureau of 
Standards (NBS). 

The ACS1423 Standard contains 1.091 ,urn diameter Latex Spheres and is used for 
setting the Secondary Calibration Point. The ACS1425 Standard contains 0.364,um 
diameter Latex Spheres and is used for a Primary Calibration Point and verifying 
sub micron sensiti&~. These standards have unique and specific ME~ SCATTER-
ING CROSS-SE ON values stated in units of square-microns (urn . 

The Calibration Objective is to achieve the specified MEAN SCATrERING CROSS­
SECTION values for each Standard by settmg PMTI DRIVE with R28. 

The adjustment only allows for an approximate maximum of a ±6% change from the 
current setting with R28 set at absolute midpoint. . 

Note: With a very small dynamic range of adjustment (±SOk), this proce­
dure assumes that the AUTO-CAL, (AC), reference PMT Analog 
Pulse set by the AC fiber-optic tube is at a correct level. With the 
level set correctly, very small adjustments can be made with R28, 
to achieve calibration and still maintain an acceptable range of 
adjustment for future calibrations. 
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Itemsrrools Required 

Setup 

• Small Pot Tweaker 

• Digital Volt Meter(DVM) 

• VLSI Standard Model ACSI423; Tencor #081957 

• (Sphere Size = 1.091,um) 

• VLSI Standard Model ACSI425; Tencor #081973 
(Sphere Size = 0364 ,urn) 

• PMT Control PCB Assy Drawing; Tencor #128066 

• Distribution PCB Assy Drawing; Tencor #055972 

Locate the following iteIils: 

1. On the Distribution PCB Assy, locate transistor OS-Pin 3.3. 
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2. Using a DVM, monitor the PMT drive signal, HVD1, at 05 pin 3 on the 
Distribution PCB.4. 

3. Using Table 7-1, set the MENU parameters to the appropriate values based upon 
the Standard selected for scan. 

Procedure 

1. Setting the Primary Calibration Point (Sphere Size = .364 ,urn) 

2. Set the appropriate MENU parameters for the ACS142S Standard. 

3. Note the voltage at OS-Pin 3, Distribution PCB, HVDl. 

4. Scan the .364,urn latex sphere standard. 

5. 'Determine the MEAN SCATfERING CROSS-SECTION value. 

6. The value should be 0.235 (±2%) ,urn2
• If the mean value of "the-particle data is 

not at the correct value, an adjustment of R28 is necessary. 

NOTE: An increase or decrease in HVD1 voltage as measured at OS-Pin 3 
of the Distribution PCB, corresponds with an increase or decrease 

in PMT sensitivity respectively. 

Verifying Higher Sensitivity (Sphere Size = l.091,um) 

1. Set the appropriate MENU parameters for the ACS1423 Standard. 
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SPHERE 

0.212 

0.238 

0.364 
0.500 
1.091 

2.02 

4.00 

2. Note the voltage at OS-Pin 3, Distribution PCB, HVDl. 

3. Scan the 1.091.um diameter latex sphere standard. 

4. Determine the MEAN SCATTERING CROSS-SECTION value. 

5. The value should be .924 (±6%).um2. lithe meanyalue of the particle data is not 
at the correct value, an adjustment ofR28 is may be necessary to allow the Surfscan 
to measure and determine the specified MEAN SCAITERING CROSS-SEC­
TIONS for the ACSI423 and ACSI425 standard. 

NOTE: If adjustments with R28 do not achieve the specified values for both 
standards, a problem may exist with the system, either optically or 
electrically. The instrument may need comprehensive calibration. 

SCA1TERING 
PARTICLE CROSS-SECTION 

MAXSZ TIlRESHOLD FROM TO BIN MIN MEAN MAX 

0.256 0.002 .003 .030 .001 0.013 (0.014) 0.015 
0.256 0.004 .012 .040 .001 0.022 (0~024) 0.026 
0.512 0.008 .160 .280 .002 0.216 (0.220) 0.224 
2.56 0.02 .380 .820 .01 0.562 (0.585) 0.608 
2.56 0.02 .58 1.32 .01 0.87 (0.924) 0.98 
5.12 0.04 1.32 3.12 .02 1.97 (2.14) 2.31 

10.24 0.08 2.64 6.32 .04 3.80 (4.32) 4.84 

Table 5-5 Surfscan Calibration Table 

5.6.5 PMT DRIVE & FIBER OPTIC LINE 

General 
The purpose of this section is to provide a guide for alignment of the fibre optics line. 
This line is the course adjustment of the PMT drive feedback adjustment during PMT 
calibration. This is adjustment is made when instrument calibration can not be 
achieved with R28 on the PMT Control PCB. 

Procedure 
You are now ready to verify calibration against a standard. Depending on the age of 
your instrument, you may either calibrate using a 1.091m sphere standard or a .364.u 
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sphere standard. IF YOU ARE NOT SURE CAlL TENCOR PRODUcr SER­
VICES with your serial number and they will verify against your instrument file. 

Reference section 7.1.1- Adjustin~ PMr Drive. Set a menu to the parameters shown 
on page 7-5 of this procedure for either the 1.091 or .364uspheres depending on which 
you use. For this discussion we used the .364.u spheres. Follow the steps on page 7-5. 
If the me~ as displayed by the histogram and summary data is only slightly off, adjust 
R28 to obtain the desired mean. If the mean is off- quite a lot, it will not be possIble 
to adjust using R28. Do the following: 

1. Power-down the instrument. 

2. Using an ohmmeter, center R28. 

3. Remove the scan chamber top hat cover 

4. Loosen the plastic screw on the auto-cal sensor holding the fiber optic tube used 
for PMr feedback. 

5. Move the tube slightly in one direction and tighten screw. TAKE CARE not to 
crush fiber optic tube. 

6. Replace top hat and power-up 

7. Scan cal wafer. Is the mean close to the desired valve? Repeat steps a-g until the 
mean is close to the desired values. Then fine tune with R28 as outlined in the 
previous section. 

8. Once this step is complete, the instrument optical calibration is complete and may 
be used for wafer inspection. 
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6 TROUBLESHOOTING 

6.1 RECOMMENDED TOOLS AND FIXTURES USTING 

6.1.1 SERVICE FIXTURES _ _./ . , - .: -< ;, ~ - : 
II 1.. c:. ~,~r- r~"~'/ s,. ... · .. i-:: (. \;' .:':;~: ,-- ,~"'~''';' .. .: :~' ; ...... " ~ ~ 

• Leve4 Bubble, aligns platform and puckSVC-064920 

• Tri-flo LubricantSVC 069213 

• Tool, Puck Alignment; sets Puck height, roll, pitchSVC-132063-19 

• Fixture Assy, Laser Polarizer; Laser PolarizationSVC-132446-19 

• Fixture Assy, Leveling; used for leveling IndexerSVC-134350-19 

• Fixture Assy, Trolley Alignment; Leveling TrolleySVC-134368-19 

• Beam Target; for beam path alignment verificationSVC-143596-19 

• Complete Set of Above FixturesSVC-165077 

6.1.2 ELECTRONIC EQUIPMENT 

• 50 MHz or better, Dual Trace Oscilloscope 

• 4 1/2 Digit DVM, such as a Fluke 8062A 

6.1.3 HANDTOOLS 

• Bondhus BLX 12 Ball Allen-wrench set, or similar 

• Standard Handtool Set 

6.1.4 RECOMMENDEDVLSI STANDARDS 

• ACS4-O.364 Absolute Contamination Standard * 

• ACS4-1.091 Absolute Contamination Standard* 

• ACS4-O.269 Absolute Contamination Standard** 

• ACS4-O.305 Absolute Contamination Standard** 

• ACS4-0.5 Absolute Contamination Standard * * 

• ACS4-2.02 Absolute Contamination Standard * * 

• ACS4-4.0 Absolute Contamination Standard * * 
*Required for calibration 
* * Recommended for Linearity Verification 
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6.2 BLOCK DIAGRAMS 
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6.3 SIGNAL TABLES 

Oblectlve 

This section covers helpful troubleshooting tips and sigilal tables to be used for 
reference. Refer to the Surfscan 4500 Assembly schematics (-02) and layouts when 
checking signals during troubleshooting. 

The tables in this section show various key signals as measured on a unit. These can 
be used as typical values while troubleshooting. Each signal notes the measuring 
point, name, value or waveform, and helpful notes. Some tables show signals for the 
various logic levels under pertinent conditions. 

By using the schematics and these signal tables, most problems can be isolated to a 
specific board andj or component where the signal is faulty or distorted. 

Itemsaools Required 

The most useful pieces of test equipment are as follows: 

6.3.1. 

6.3.1.1. 

Oscilloscope (dual-trace) 

Digital Voltmeter (DVM) 

Various hand-tools such as screwdrivers and Hex Allen wrenches for 
adjustments and removal of parts. 

Signal Tables 

Distribution PCB 

One of the most convenient places to chek various key signals is located on the TJA 
test points of the PCB. The signals are all digital and are represented in Table 6-1. 
The signals shown are all drawn with the rising edge of Auto-Zero as 
synchronization reference. In other words the signals are drawn relative to Auto­
Zero. 

6-3 
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Pin Macmoaic Name SigDaJ. Pin MaaDooic Name SipaI 

1 AZ Auto-Zero M 9 BS Beam Sync T -

2 AC· Auto-CaJe U- 10 WfH Width Standby= High 
Threshold 

Scan = Low 

3 BW· Below mr 11 BlANK 
Wafer 

4 OWG On Wafer 3UL 12 + 12VDC 
Gate 

Wafer Outline 

Wafer outline 
during scan_ 

S MG Measure ±JL 13 lASER High as lo~ as 
Gate ENABLED the MagnetIc 

Interlocks are 
Edge Exclusion enabled and the 

Wafer Edge 
Scan Mirror is 

Exclusion from 
oscillating_ 

PMTControl 
PCB during 
scan_ 

6 VS 
, 

Venical \'=00" 14 BLANK 
Sync 

7 MA Memory 

S1=- 15 HVPMT Low as long as 
Accumulate ENABLE" the Magnetic 

Interlocks are 
enabled 

8 PMTGATE 16 GND Ground 

Table 6-1 TJA Test Points 
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The next table shows the various drive and feedback signals from the various 
sensors, Scan Mirror, PMT Drive, and Laser Enable. They are mostly analog and 
are included because much can be derived from the shape and condition of these 
signals. It can provide helpful clues when troubleshooting, such as optical 
misalignment or electronic degradation. 

Name Location Signal Notes 

AZ(analog) U22/6 Jt:J T;Ftical peak 
vo tages. 

AC(analog) V21/6 11.5 Vp-p T;Ftical peak 

~ 
vo tages. 

BW(analog) V20/6 7.2Vp The spike at the 

M end oftheBW 
signal is normal. 

Scan Mirror Drive TP-8 U Typical peak 
voltages. 

Scan Gain Output V17/1 <V~~ This voltage sets 
the amount of 
Scan Mirror 
feedback Gain 

Scan Mirror TP-7 Approx. -IV dc Typically the Scan 
Feedback Mirror is stable at 

this voltage. 

Scan Drive/Laser D7/Cathode Approx. +6Vdc Monitor this 
Enable voltage for Laser 
Comparator Intensity. 
Table 6-2 Distribution PCB, Analog Signals 

6-5 
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Status Indicator LEOs 

The status indicator LEDs are very useful for a quick diagnosis of the 
instrument, should the instrument not initialize properly. It is also useful for 
quickly determining the status of the PMT drive. The LEDs are simple 
pass/fail indicators of various key signals. As a rule, no red LED should be 
stay on upon power up. Green LEDs indicate the presence of the signal. 

LED/Instrument Controlling Where Used/ 
Mode Source Destination Standby Scan 

MGF PMTControl A/DAnalog On Off 

Measure Gate Fail 
PCB PCB; Pre-

Processor PCB 

WTH PMTControl A/DAnalog Off On 

Width Threshold 
PCB PCB; Pre-

Processor PCB 

AZF Auto-Zero A/DAnalog Off Off 

Auto-Zero Fail 
Sensor PCB;PMT 

Control PCB 

ACF Auto-Cal PMTControl Ofr Off 

Auto-Cal Fail 
Sensor PCB 

BWF Below Wafer Used to Off Off 

Below Wafer Fail 
Sensor Generate 

OWGon 
Distribution 
PCB 

MAF Pre-Processor Slave CPU; Off Off 

Memory Accum. Fail 
PCB I/O PCB; 

VSF R-S Flip Flop Pre-Processor Off Off 

Vertical Sync Fail 
ofAZandBW PCB;A/D 
@ Distribution PCB 
PCB 

OWGF Product of BW PMTControl On Off 

On Wafer Gate Fail 
andMA@ PCB;A/D 
Distribution PCB; Pre-
PCB Processor PCB 

BSF Distribution Indexer PCBs; Off Orf 

Beam Sync Fail 
PCB, Trailing Handler PCB 
EdgeofMA 

PMTI PMT Control HVDl to PMT On (Intensity On 

PMTDrive PCB / PMT HVPS varies with Max 
Drive Size selected) 

STAB AC Pulse I/O PCB orr Off 

Scan Mirror Stability 
Width. 

Table 6-3 Status Indicator LEOs 
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6.3.1.2.Indexer PCB 

Test Points Tables 

Test Point Name _Shmal Notes 

1 +5VL -

2 +24 V 

3 24 V Return 

4 +5 V Return 

5 +18V 

6 +5VM 

7 WFRON 

8 WFRON Detect 

Table 6-4 Indexer PCB Test Points 
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Point Name Signal Notes 

UIOpin8 Rifa ft elk input JlJL Wafer 1 thru 25 

I 12.815 .. 

JlJ- Wafer 1 thru 
home/tilt 

I '1.405l1li 

Rifa 10 input JlJL Wafer 1 thru 25 

. I I 2.875rrs 

~ Wafer 1 thru 
home/tilt , 

I 5.78111i 

Rifa MB output ~ Wafer 1 thru 25 
I I 24-aiVdI:!>i> 

l.32S"" 

~ Wafer 1 thru 
home/tilt 

I I~VdI:!>i> 
5.765"" 

U 11 pin 9 SLJ Coulisse Driver 
I I 2OVdtl\il 
6.75ms 

TP-8 3.2 Vdc Through Beam 
JLJI 1.6Vdc 

Sensor Pulses 
I I 

1.00 ms 

Table 6-5 Jndexer PCB Signals 
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6.3.1.3. Handler PCB 

Point Name Signal Notes 

7.61ms 
I I 

V16 or V17 pin 9 10 JlJl Only during scan 

14.92ms . 
I I 

V16 or V17 pin 7 11 lJL Only during scan 

100.7us 
I I 

V16 or V17 pin 1 MB TT Scan Moving 

32VDCp-p 

95.7Sus 
I I 

V16 or V17 pin 15 MA TT Scan Moving 

32VDCp-p 

,30.2ms, 

V16 or U17 pin 8 Phase 1J1J Scan 

2VOCp-p 

9.665ms 

U16 or U17 pin 8 Phase I I Manual FWD 

ill 
2VOCp-p 

, 9.79ms , -
U16 or U17 pin 8 Phase ILJ Manual REV 

2VDCp.p 

,244451,JS 

U16 or U17 pin 10 C JlJl Jitter approx 2445 
us - Scan 

SOOmVDCp·p 

I 645us I 

U16 or U17 pin 10 C LyA Auto Test Mode 

750mVOCp-p 

Table 6-6 Handler PCB Signals 
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6.3.2. Common Problems 

This section discusses some of the more commonly occurring problems in the 
SFS4S00 and it also provides helpful troubleshooting references to quickly solve 
these problems. It makes use of a table listing the problem/symptoms, possible 
causes, and any pertinent notes. The problems are divided into two major sections 
of the instrument; those problems occurring in the Scan Unit and others occurring 
in the Wafer Handling System.-

63.2.1.Scan Unit 

The problems occurring in the Scan Unit have been broken down into two sections. 
One section deals mainly with the processor section in which the instrument is not 
initializing properly. The second section deals mainly with Measurement and 
Calibration related problems. These two categories of problems make up the 
majority of the most commonly occurring failures in the Scan Unit. 

It is noteworthy to say, however, that the most common problems that occur in the · 
Scan Unit can be quickly diagnosed on the Distribution PCB. The problems usually 
relate to the Scan Mirror, PMT, and AZ, AC, BW sensors. These three items make 
up the "heart" of the sytem's major functions. If it isn't the actual hardware itself, the 
drive and control circuits are usually the next suspect. 

The following troubleshooting tables are a guide to diagnosing and repairing 
commonly occuring problems with the SFS4S00 instrument. 
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Instrument Not Initializing 

The following table lists some the more common initialization problems. 

Problem/SVDlDtoms Cause/Solutions Notes 

Processor PCB Not Initializing, Usually caused by one of the Any of the PCB's'in the Card 
No Display major processor PCB's such as Cage can cause a failure of this 

the Main CPU, Memory PCB, . type. swafiing of PCB's will 
Graphics PCB, etc. .. usually iso te the problem. 

Multiple Failure Messages Laser Out or Severe With the laser out, all the 
displayed on the monitor; can't Misalignment of the Beam. sensors will indicate a failure. 
initiate a scan. The Distribution PCB Shows 

all Failure LED(s) On. Check 
the lASER ENABLE signal is 
true. If it is true, chances are 
either the Laser or HVPS is 
dead. 

Can't initiate a scan. One of the Status LEOs are Check the LED's on the 
indicating a failure. Distribution PCB. No Red 

LED should be on. 

Also, ensure that there is 
sufficient Vacuum, which would 
otherwise cause a TE trolley 
error. This can be monitored 
at the Handler Vacuum PCB 
assembly . 

. . 
Table 6-7 ImhalIZahon Problems 
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Measurement/Calibration Problems 

Sensitivity Problems 

Most of the problems that are related to measurement sensitivity and calibration 
can be diagnosed properly by directly analyzing the PMT signal. There are 
certain characteristics to look for when looking at a PMT signal. See Table 6-8. 

Low DC offset, maintained and set by Auto-Zero 
Sufficient Auto-Cal Feedback pulse 
No Artifact producing signals in the "Below Wafer" portion of the signal 

AZ Jl,---I1.5V~ ___ 1l 

AC 
-+---o-___ --'n II.SV~ 

. ~. Wafer Ed)ge . 
I : : 

: : : 

ill
'· . 
II i 
AZ AC 

PMT Signal Table 6-8 
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PMTDrive 

Measurement problems can be traced also to the PMT Drive voltages themselves. 
By measuring the PMT drive voltages, it may lead you to closely examine the 
condition of the Auto-Calibration closed loop circuitry and/or the PMT Drive 
ciruits themselves. It may also help confirm the electrical degradation of some of 
the hardware components such as the PMT itself or the laser. . 

The voltages listed in the following table are typical voltages for the PMT High 
Voltage Power Supply drive as measured with the instrument fully calibrated with a 
0.364 urn Latex Sphere VLSI Standard as a primary calibration point, and a 1.091 
urn Latex Sphere VLSI Standard as secondary calibration point. This table is very 
useful in determining whether the PMT Drive is less than or greater than typical 
voltages. 

Max Size PMTI Drive HVDl (Q5/3) 
(R87-Bottom) 

0.256 4.70 5.54 

0.512 4.40 5.16 

1.024 4.15 4.82 

2.560 3.83 4.38 

5.120 3.63 4.10 

10.24 3.44 3.84 

25.60 3.21 3.52 

51.20 3.06 3.31 

102.4 2.93 3.12 

256.0 2.77 2.89 

512.0 2.65 2.73 

1024 2.54 2.57 
, Table 6-9 PMT Drive Voltages 

6-13 
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The following table lists some of the more common problems relating to calibration 
and measurement of wafers. 

Problem/S't'IDDtoms Cause/Solutions Notes 

Jagged Wafer Outline Scan Mirror Not Oscillating Usually res~ from a Scan 
Properly Mirr5>r degradation. Or, the 

closed loop circuit utilizing 
Auto-CallS f~o control 
the Scan Mirror ·ve. 

PMT Drive is Unstable or Scan Mirror Not OscilIa:t If the AC and AZ Digital pulse 
Fluctuates Properly; The AC Feedbac to is good, then there may be a 

the PMT or Distribution PCB problem with the PMT Signal 
may be failing. Feedback from either AZ or 

AC (may be too little). Check 
the PMT Signal to ensure the 
baseline during AZ is 
approximately 0 volts. Check 
the AC feedback signal 
amolitude is sufficient. 

PMT Drive is Too High Laser Beam has degraded to a Check the AC and AZ Analog 
low level. Signals. Should have a peak 

voltage greater than 10 V dc. 

AC PMT Feedback is Ensure that the PMT Adjust 
insufficient. Pot is set to midpoint. Move 

the AC FiberOptic line inwards 
either at the PMT itself or AC 
Sensor so that the PMT drive is 
typical. If these adjustments do 
not work, then the FiberOptic 
line may be damaged. Also, 
there may be the possibility 
that the PMT Drive Circuits on 
the Distribution or PMT 
Control PCB may be failin~ 

PMT Drive is Too Low Too much AC PMT Feedback. Ensure that the PMT Adjust 
, Faulty Drive Circuits Pot is set to midpoint. Move 

the AC FiberOptic line 
outwards either at the PMT 
itself or AC Sensor so that the 
PMT drive is typical. If these 
adjustments do not work, the 
PMT Drive Circuits at the 
Distribution or PMT Control 
PCB may be failinl!;. 

Figure 6-10 Common Measurement/Calbration Problems 
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6.3.4.2.Wafer Handlin~~" ,+"" ..... 
Problem/Symptoms Cause/Solutions Notes 

Aborts Fetch 

Wafer Sensing Problems 
" 

Trollev Error 
. 

Grinding Noises During Trolley 
Movements 
Table 6-11 Common Wafer Handling Problems 
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6.4 TECH TIPS 

The following sections contain technical information that will aid the service technician 
or en8ineer In troubleshooting the Surfscan 4500 instrument. The following sections 
contaIn information on: 

1. Status Messages 

2. Surfscan Firmware Evolution 

3. Signal Tables for: 

4. Distribution PCB 

• Indexer PCB 

• Handler PCB 

5. Common Problems vs. Common Solutions Table 
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6.4.1 SURFSCAN STATUS MESSAGES 

Line 1: 

AZ AutoZero signal is missing or shorter than 50 us 

AC Auto Cal signal is missing or shorter than 50 us 

BW Below Wafer Detector signal is missing 

VS Vertical Sync signal is missing 

MS Mirror not Stable; scanning mirror servo out of range 

LO LaserOff 

PD PMT Disabled 

SE Slave Error; slave processor malfunctioning 

IS Indexer Send 

IA Indexer Accept 

Line 2 & 3: 

DA Direct Access indexer present 

RG Ready to Give; wafer can be fetched from this indexer 

RT Ready to Take; wafer can be unloaded to this indexer 

CR Carrier; cassette is placed on indexer's platfonn 

KU Coulissa; track switch selected for this indexer 

IE Indexer Error; indexer malfunctioning 

6-17 



6-18 

Line 4: 

FT Fetching in progress 

SC Scanning in progress 

UL Unloading in progress 

Tencor SFS 4500 

AB Abort; used in association with the three preceding messages 

MN Menu key has been pressed when menu access is not allowed 

ST Stop key has been pressed 

AU Instrument in Auto mode 

TE Trolley Error; trolley malfunctioning 

TW Trolley Wafer; wafer sucked down 

TV Trolley Vacuum; vacuum valve open 

MV Indexer Platform Movement 

Data Errors: 
Be Bad Counter; sweep counter is bigger than 255 

BP Bad Pairing; beginning or ending address for run length data is missing 

BL Bad range 

NOTE: Displayed in 2.0 or older versions of software only 
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6.5 SURFSCAN FIRMWARE EVOLUTION 

PCB 

ASSEMBLY LOC. REVISION 2.4 REVISION 2.5 REVISION 2.6 

Keyboard VI 118605 KBD2.4 Same Same 

CPV VB 094218 SBOT23 127167 SBOTl.5 Same 

SLAVE V5 094226 SLV23 Same Same 

MEM VI 118508 SFS2.4A 127051 SFS25A 143057 SFS2.6A 

MEM V2 118516 SFS2.4B 127060 SFS2.5B 143065 SFS2.6B 

MEM V3 118524 SFS2.4C 127078 SFS25C 143073 SFS2.6C 

MEM V4 118532 SFS2.4D 127086 SFS2.5D 143081 SFS2.6D 

MEM V5 118541 SFS2.4E 127094 SFS25E 143090 SFS2.6E 

MEM V6 118559 SFS2.4F 127108 SFS2.5F 143103 SFS2.6F 

MEM V7 NONE NONE NONE 

MEM V8 NONE NONE NONE 

PMfCONT. VI 095427 EXC23 Same Same 

I/O VI 118567 MCP2.4 Same 144037 MCP25 

RAINDEX U5 118575 DAI2.4 Same 136310 DAI2.5* 

SEQ INDEX V5 118583 IND2.4 Same Same 

... HANDLER V5 118591 TRI2.4 Same Same 

CPV-9 VB 118664 SECS2.4 127116 SECS25 143120 SECS2.6 

CPU-9 VB 095435 PR2.3 Same Same 

Manuals SECSII Manual SECS Manual 

(PIN 129127) REVC 

(PIN 129135) 
Misc. DALLAS CHIP -

(PIN 071960) 
.. . . 

Table 6-1 Surfscan Firmware Evolution 

·Part of an earlier ECO. Necessary for 2.6 update. (2) per kit. 
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7 PREVENTIVE MAINTENANCE 

7.1 CLEANING AND LUBRICATION 

" , 

General Information . 
By providin~ periodic cleaning and lubrication maintenance on the Surfscan, it will 
remove outside particles from contaminating the wafer, and increase the life duration 
of the many moving parts. Periodic cleaning involves wiping the Surfscan with the 
proper solvent. The areas that need periodic cleaning are: 

1. The Surfscan skin covers 

2. The Wafer Handling System 

3. The Optics System 
Lubrication is applied only to the leadscrews for smooth trolley motion and smooth indexer 
motion. Lubricant should always be applied sparingly, a little lubricant goes a long way! 

7.1.1 REPLACING THE HEPA FILTER 

OVERVIEW 

Vertical Laminar Flow Stations 
The work horse of the clean work station approach is the vertical laminar flow station. 
These units, known as V.L.F. hoods are a miniature version of a clean room. 

Room air is pulled into the hood top through a prefilter by a blower unit. The air 
passes through a special filter and on down to the work surface. The arrows in fig. 7.4 
mdicate the [aminar nature of the air flow. A V.LF. hood is effective for two reasons. 
Wafers in the hood are exposed only to clean air. And any contamination from the 
room or personnel is prevented from entering the hood by the slight positive pressure 
of the aIr flow. The final filter used in V.LF. hoods is called a high efficiency 
particulate air (hepa) filter. Constructed of fragile fibers, the filter has an accordion­
folded design, allowing a large filtering area at an air velocity low enough for operator 
comfort. 

The unique design of the hepa filter permits a filtering efficiency of 99.99%. 

A problem arises in maintaining wafer cleanliness during the many chemical or "wet" 
operations. The fumes from the various chemicals have to be exhausted from the room 
for safety reasons. The classic fume exhaust hood used in chemical labs solves the 
safety problem, but the dirtier room air is drawn across the wafers in the process. 

This problem is solved by setting a V.L.F. unit on top of a fume hood. With this 
additlon, both safety and cleanliness can be achieved. The hoods have to be designed 
so that the acid fumes are exhausted out the back with clean laminar flow air covering 
the front portion of the work surfaces. 

HEPA Replacement Procedure 
The HEPA filter assembly is illustrated on the next page in Figure 7.1 HEPA Filter 
Assembly. 
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This assembly is mounted on the back panel of the Scan chamber. To replace the 
REP A filter reference Figure 7.1 and the procedure steps below: 

1. Power-down the instrument. 

2. Remove the two cap screws at the seam-line at on the Scan Chamber Hood. 

3. Remove the Scan Chamber Hood by lifting the froilt of the hood just enough to 
remove it from the main chassis wall. Then slide the hood forward about 1 inch. 
Tilt the hood up at the back and slide it off of the chamber. The ESD / RFI 
grounding (if installed) should be long enough for the hood to be laid across the 
indexer / trolley assembly. If the service person is more comfortable with the 
hood elsewhere, remove the grounding strap. NOTE: if the grounding strap is 
removed, it MUST be replaced for proper instrument operation. TIGHTEN the 
nut VERY TIGHT when reinstalling to insure proper grounding. 

4. Remove the Bungee retainer cords. Remove the HEPA filter, noting the air flow 
direction arrow. Insert the new HEPA filter and reinstall the Bungee cords. 

5. Reverse steps 1 through 3 to complete the replacement procedure. 

Bungee 
HEPA Par-

/ 
• • 

• 

" HEPA Fit-

L _____ ~==~=-~~----~------------------------------------~ 
Fig. 7-1 HEPA Filter Subassembly 
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7.1.2 Cleaning the Optics System 

NOTE: Do not use any cleaning agent on ANY PART of the optics except 01 
water. AU other cleaning agents, such as; IPA or Methanol can very 
seriously damage the mirror and lense surfaces of the instrument. 

The elliptical mirror and the below wafer mirror surfaces are acetate 
film and adhere to the mirror frames with an adhesive. IPA and 
other cleaning agents soak underneath the acetate and eventually 
loosen the adhesive. H this happens the entire milTor assembly 
must be replaced. This is costly, time consuming and will require 
complete optical alignment. . 

If you are not sure whether the optical system is clean or needs 
cleaning, contact Tencor Technical Support for assistance. 

Cleaning the optics requires care and careful placement of the cleaning agent and 
lense tissue or cleanroom towel. Care must be taken when cleaning mirrors that the 
location (angle or placement) is not disturbed. 

This particularly true with the turret mirror (M) at the top left comer of the optics 
plate. Reference Fig. 7-2 below for location details. 

Fig.7-2 Pictorial View of Scanning & Collection System 

The prism, turret mirror (M), lense Ll and the scanning mirror are easily cleaned using 
the following procedure: 
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1. Power-down the instrument. 

2. Remove the scan chamber hood by removing the cap screws from the right side 
of the hood. lift the front just enough to move the hood out of the chamber well. 
Then tilting the hood up at the back, slide the hood forward and aut of the way. 
If the instrument has ESD / RFI grounding, the ground cable will have to be 
removed. 

3. Dampen a piece of lense tissue or a small area of the cleanroom towel Using a "drop 
and drag'1 method dean the prism, turret mirror, lense Ll and scanning mirror. 

Note: The "drop and drag" method is simply placing the towel or tissue 
on the surface and wiping with one continuous, smooth motion. 
Always keep the towel or tissue damp as this causes the particles 
to adhere to the towel rather than be moved around. REMEMBER 
that if you can see residue so can the laser beam. This will produce 
distortion in the beam thus mis-measurements or impossible 
calibration due to low-end optical noise. 

4. The below wafer mirror is accessed by removing the three screws in the distribu­
tion PCB mount and tilting the pcb and mount forward. Remove the two screws 
in the top of the cover plate directly behind the distribution PCB and remove the 
plate. The below wafer mirror is located at the bottom of the scan chamber. Using 
a flashlight and the IIdrop and dragll method, clean the below wafer mirror. Replace 
the cover plate insuring that the cables running under it are not stressed and that 
the plate fits into the recess area provided. This plate should be flush with the i 

chassis frame when it is in the proper place. Replace the distribution PCB taking 
care that NONE of the cables attached to it are pinched underneath the mounting 
bracket. 

5. Contact Tencor Technical Support for assistance and evaluation before attempt­
ing-to clean the elliptical mirror. 

6. Replace the scan chamber cover and perform the instrument calibration verifica­
tion steps listed in the calibration section of this manual. 
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7.1.3 Cleaning And Lubrication: Wafer Handling System 

Objective 

7-5 

The main objective in providing cleaning and lubrication to the wafer handling system 
is to induce a smooth trolley motion, and remove any dried, old lubricant which will 
cause erratic trolley action. . 

Items I Tools Required 

• Clean room cloth 

• IP A (Alcohol) 

• TrifIo lubricant 

NOTE: Tencor uses another special lubricant on their equipment. This 
lubricant, Brayco 1624, MUST NOT be used instead of Triflo. These 
two lubricants are NOT compatable. Deep cleaning, ie; a vapor 
degreasing process, is required to remove all traces of the old 
lubricant. 

• A standard Allen wrench set 

Procedure 

1. Dampen a clean room cloth with IP A and do general wiping of the Surfscan outer 
skin covers. 

2. Check the lead screw for excess lubrication build up. If the Lead Screw Wiper, if 
installed (older instruments may not have a wiper), has absorbed to its maximum 
coverage, leaving a thick film of lubrication on the lead screw, a replacement is 
needed. 

3. Remove the screws securing the outer cover covering the Handler PCB, and the 
Trolleyassembly. Remove the outer cover housing the Handler PCB, and the Trolley 
aassembly. Using the manual override buttons located at the top left comer of the 
Handler PCB, drive the Trolley assembly toward the scan chamber and back to its 
home position as you clean the lead screw with a clean room cloth soaked (not 
dripping) with IP A TIlls process of trolley back and forth and a clean room cloth 
soaked with IP A will have to be repeated several times in sever cases. As the leadscrew 
becomes clean it will appear bright and shinny. 

In sever cases (long times between cleanings) a clean room cloth may have to 
be folded and placed under the orange leadscrew nut as the nut is soaked with 
IP A and the trolley is moved back and forth. 
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4. After the leadscrewand nut have been allowed to dry of excessive IPA and has 
been wiped several times with a dry cloth, apply a light coat of Trifio lubricant 
along the lead screw. 

5. Again, using the manual override buttons on the Handler PCB, drive the Trolley 
assembly toward the scan chamber and back to its home position until the lubricant 
is evenly distributed. 

6. Reinstall and secure the outer cover on the Handler PCB, and the Trolley assembly. 
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7.1.4 Mechanical 

Tencor recommends that preventative maintenance be performed on the instrument 
at least every 9O-days. The following sections provides lists and tips for performing 
preventative maintenance on the: 

• Trolley 

• Vacuum System 

• Indexers 

7.1.5 Trolley 

The following items should be checked., verified or performed at least every 90 days: 

• Trolley Leadscrew & Nuts; Cleaning & Lubrication 

• Trolley Vacuum Line Inspected 

• Trolley Puck 

For Tight Fit at Fittings I Coulpings 

For Cracks, Breaks or Leaks 

Proper Height 

Proper Tilt 

ProperRoU 

• Trolley Puck Inspection 
Puck Vacuum Groove &. Hole for Cleanliness 

Puck Underside; Inspect Acetate Tape Seal 

Puck Underside; Inspect Vacuum Channel with Bright Light 

Free of Foreign Particles, ie; Broken Wafer Chips 

• Trolley Linear Bearings 
Smooth Action, Not Rough, Binding 

No Side-to-Side Play 

No Up-to-Down Play 

• Trolley Home Flag 
Not Bent or Cracked 

Runs Evenly Between Sensor Posts 
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7.1.6 Vacuum 

The following items should be checked, verified or performed at least every 90 days: 

• Vacuum Coupling at Rear of Instrument 
For Tight Fil at Fittings / Coulpings 

For Cracks, Breaks or Leaks 

• Vacuum Line from Coupling to Vacuum Switch / Handler Assy Inspected 
For Tight Fit at Fittings / Coulpings 

For Cracks, Breaks or Leaks 

• Vacuum Trip Points 
Proper High Trip Point - 19" Hg 

Proper Low Trip Point -- 16.5" Hg 

• Inspect All Fittings and Couplings 
At Gauge 

Feed Line to Trolley 

7.1.7 Indexer 

The following items should be checked, verified or performed at least every 90 days: 

• Indexer Leadscrew & Nuts; Cleaning & Lubrication 

• Indexer Elevator Platform. 
Proper Height 

Proper Tilt 

Proper Roll 

• Indexer Microswitch Inspection 
Not Binding 

Cable Wires Not Frayed or Broken 

• Indexer Elevator Bearings 
Smooth Action, Not Rough, Binding 

No Side-lo-Side Play 

• Indexer Elevator Pillow Block 
Pivot Pin Not Bent or Worn 

• Indexer Park Flag 
Runs Evenly Between Sensor Posts 

Not Bent or Cracked 
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7.2 Electrical 

Tencor recommends that preventative maintenance be performed on the instrument 
at least every 9O-days. TIle following sections provides lists and tips for performing 
preventative maintenance on the: 

• Power Supplies 

• Scan Drive & Feedback 

• Laser Intensity 

• PMr Drive & Calibration 

7.2.1 Power Supplies 

The following items should be checked, verified or performed at least every 90 days: 

• Master Power Supplies 
Verify All Master Power Supplies at Distribution PCB 

Verify + 5 VDC at the Card Cage 

Verify Current Drawn by Laser / Laser Power Supply 

• Verify Indexer + 24 VDC Power at Indexer PCB(s) 

• Verify Handler + 33 VDC Power Handler PCB 

7.2.2 Scan Drive & Feedback 

The following items should be checked, verified or performed at least every 90 days: 

• Verify Proper Operation of Scan Mirror & Drive 
Perform or Check Alignment Using Procedure 5.1.2 

7.2.3 laser Intensity 

7 .2.4PMT Drive & Calibration 

The following items should be checked, verified or performed at least every 90 days: 

• Verify Proper Operation of PMT Drive & Calibration 
Perform or Check Alignment Using Procedure 5.1.1 
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8 INSTALLATION AND SHIPPING 

8.1 INSTALLATION 

This section provides installation instructions for proper handling and operation of the 
Instrument. Unpacking, moving, installing, and testIng are fully covered. 

8.1.1 PLANNING THE INSTALLATION 

Do not unpack the Instrument until the installation site has been prepared. Inside the 
shipping crate, the Instrument is wrapped in plastic to prevent contamination from 
dust. When the facilities have been checked to meet the Instrument's operating 
specifications, unpacking can begin. 

The carrier (transportation company) is responsible for any shipping damage incurred 
during shipping - contact them unmediately if is found. 

Before unpacking the Instrument, read "Operating Specifications" in Section 1. 

8.1.2 UNPACKING 

The carrier (transportation company) is responsible for any damage incurred during 
shipping - contact them immediately if damage is found during unpacking. 

If the Instrument must be moved with lifting equipment (from one floor to another or 
from a receiving dock), check the load limits to be sure the totalshipping weight can 
be handled safely. Treat the Instrument with care. . . 

CAUTION Follow these instructions carefully. If not handled properly, the 
Transporter System can be damaged. 

After the shipping crate is opened, the Instrument can be lifted onto a cart to move it 
near the cleanroom. 

Opening Shipping Crate 
The- shipping crate has two parts: a bottom pallet and a box cover for the top. To 
open the crate, remove the bolts along the bottom edge of the shipping crate and lift 
the box cover straight up. Do not, at this time, remove the plastic sheetmg around the 
Instrument or other components, or dust may contaminate the system. 

Lifting 
Two or three strong people are recommended for lifting the Instrument onto a cart 
since it is heavy and the effort should be distributed evenly. 
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CAUTION Do not lift at all by the Transporter endl Internal supports may be 
shipping damaged by lifting from this end of the Instrument. The 
junction between the Transporter chassis and the main chassis 
provides strength in case the Transporter end droops slightly. 
However, if the Transporter end Is used to lift the main chassis, the 
junction will be damaged, preventing proper caution handling of 
the wafers. 

The lifting positions (Fig. 8-1) are: 

1. (optional) at the Power Drawer end 

2. at the center, one in front and the other in back 

~ ~\ 

II 

0 
~ 10 TOP VIEW 

frj[fn1 Ilr···· ... 1/ .... .. . -....... .... . ... • 
Fig. 8-1 Ufting Position 

Lifting together, gently place the Instrument on the cart. Roll the cart to the entrance 
of the cleanroom, being careful not to bump into obstructions or jar the Instrument. 
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Unpacking Other Components 

Check the crate for parts packed separately. Inspect all parts for any visible shipping 
damage and move them near the entrance of the cleanroom.. 

• Monitor 

• 20-column Printer 

• Monitor signal cable assembly (marked "RGB") 

• Printer serial signal cable (marked "RS232 ONLY") 

• Instrument power cord 

• Monitor power cord 

• Two rolls of cleanroom printer paper 

• Accessories ordered with the Instrument 
Save the shipping crate and shipping materials in case the Instrument must be moved 
to another facility or shipped to Tencor Instruments. The Instrument must be shipped 
in the same crate for proper protection of the Instrument's mechanical components. 

Moving Into Cleanroom 
Wipe the shipping plastic sheeting clean with alcohol and cleanwipes. Remove the 
plastic and move the cart into cleanroom.. Using a coordinated effurt (as with lifting 
onto the cart), move .the Instrument onto the cleanroom bench. · 

. The surface of the cleanroom bench should be a hard surface that does not flex under 
the Instrument's wei~t. All pedestal feet should be able to support the Instrument 
(leveling is describedlater). Although a cart may seem to be a sensible place to leave 
the Instrument, the Instrument is not meant to be porta~le. 

The other components should also be wiped clean before moving them into the 
cleanroom. 

8.1.3 SETTING UP 

Leveling 
The-Instrument must be leveled before operation. The six pedestal feet (fig. 2.3a) are 
used to raise or lower the Instrument until the bubble level (mounted on the Instru­
ment) shows that it is level. 
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• • 5 

~ BUBBLE LEVEL .-
• • 

® t}:j,.·::·iI W W 

Fig. 8-2 Leveling Feet 

1. Turn feet #5 and #6 in so they are not supporting any weight on the Transporter 
end. Keep turning until the feet are about 1/ 2" off the cleanroom bench. 

2. Turn feet # 1 and #2 until the bottom of the Instrument is between 3/4" and I" 
above the cleanroom bench (this allows for free flow of cooling air into the Power 
Drawer). 

3. Check that #5 and #6 are not touching the bench. (Iftbey are, tum tbem in more.) 

4. Check the bubble level located on the metal rib of the Transporter (fig. 2.3b). 
Level the Instrument as much as possible by turning feet #3 and #4 while watching 
the bubble level. (Keep at least 3/4" but not more than 1" of free space under the 
Power Drawer.) 

NOT ____ ~LEVEL 
LEVEL ~ 

Fig. 8-3 Bubble Level 
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5. Raise or lower feet #1, #2, #3, and #4 until the Instrument is level Level until 
the bubble is entirely within the black circle on the bubble glass. Check that the 
Instrument does not "wobblell diagonally-related feet (the #1/#4 pair or the 
#2/#3 pair). 

6. Tum feet #5 and #6 down until they support only the weight of the Transporter 
end of the Instrument. Do not tum too far or the level will be changed. Check 
the level again. 

7. Unwrap the and place it next to the Scan Housing above the Keyboard. The feet 
should set into the small indents on the Instrument cover. 

8. Check the level again. Check that the button of the Instrument is no lower than 
3/4" and no higher than I" from the cleanroom bench. 

Connecting System Reset Button 
The System Reset Button, if not already installed, mounts on the 25-pin connector above 
the Printer connector. This connects to the Instrument's computer bus to allow the system 
to be reset The System Reset Button is a small connector WIth a momentary pushbutton. 

CAUTION Power must be OFF when Installing or removing Button . 

. To install, connect the Button to the top ·connector on the Instrument's left side paneL 
Tighten the jackscrews to prevent it from being removed accidentally while power IS on.-

Connecting Cables 
After placing the Instrument in the specified operating environment, connect the cables 
shown in Figure 23c according to the folIowing steps. Watch for the correct polarity of cables. 

1. Raise the rear access cover of the monitor. 

2. Connect the three coaxial cables of the Monitor signal cable assembly to the 
Monitor BNC plugs marked R, G, B. 

3. 'Run the free end of this cable assembly underneath the Instrument and toward 
the Ii 0 Panel (on the left side). Connect each coaxial cable to their respective 
plug on the VO Panel (input/output; on the left side of the Instrument). 

4. Connect the Monitor power plug to the Monitor power outlet located on the Power 
Drawer (the panel with the ONIOFF switch). Set the Monitor power switch to 
ON and then close the rear access cover. 
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5. Unwrap the Printer and set it nearby (preferably below the cleanroom bench) 
within reach of the lO-foot long Printer signal cable. 

6. The Printer serial signal cable connects the serial output port of the Instrument 
to the extemal20-column Printer. Connect the serial signal cable to.the connector 
marked "OUT 1 PRINT' on the II 0 Panel. Connect the other end to the Printer. 
DO NOT plug in the Printer power cord yet. 

If you have the optional ConverterlBuffer, connect the serial signal cable to the serial 
output port and the Converter! Buffer input. Connect the ou~t of the Con­
verterlBuffer to an 8O-column printer (such as the Epson FX-80 + ). Connect the 
ConverterlBuffer external power supply to a suitable power outlet, and connect the 
power supply's output to the power jack of the . 

7. Check the voltage shown by the AC Voltage Selector (on the left side of the 
Instrument). Below the power switch is the power receptacle, which holds the two 
main power fuses, the AC Voltage Selector, and the receptacle for the power cord. 
The V AC value shown in the small ''window'' on the fuse cover must match the 
utility power. 

The AC Voltage Selector is not a thumbwheel switch. It is a cam which must be 
removed, rotated (to select the desired AC voltage), and reinserted. Refer to the 
procedure in "Section 7 Service" to change the selected value if it does not match the 
voltage delivered by the outlet. 

8. Check that the Instrument's ONI OFF switch is towards "0" (for OFF). 

CAUTION THE UTiUTY POWER OURET MUST BE PROPERLY GROUNDED 
TO PREVENT POSSIBLE ELECTRIC SHOCK FROM THE METAL 
CHASSIS OF THE INSTRUMENT. CHECK THE CONNECTION 
BEFORE PLUGGING THE UNE CORD INTO THE OURET. 

9. Plug the Instrument power cord into the Power Drawer's power receptacle. Connect 
the other end into an outlet rated for the power demand of the Instrument. 
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Connecting Vacuum 
Connect a vacuum line to the connector on the right rear side of the Transporter chassis 
(Fig. 8-5). The facilities vacuum supplied to the Instrument must be between 20 to 29 
inches fig (gauge reading, where 29 is perfect vacuum and 0 is normal atmospheric 
pressure). 

PURGING ~ 
VENT~ 

VACUUM 
CONNECTOR 

FEET / 
Fig.8-5 Location of Vacuum Connector and Purging Vent 

(viewed from behinCi the Instrument) 

Purging 
Open the Purging Vent (fig 23d) to allow the cleanroom airflow to "sweep" any particles 
out of the system. (If the mstrument has the optional REP A Filter, follow the instructions 
given later after powering up. Leave the Purging Vent open while the is running.) 

If the Instrument lacks a HEP A Filter, be sure the Pur~g Vent is closed before taking 
measurements, or stray light may reduce the sensitiVIty. (Instruments with a HEPA 
Filter can be operated wi.tb the Purging Vent open.) 
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Checking the Installation 
To double-check all parts of the installation before powering up, complete the 
following checklist: 

o Instrument leveled. 

o Signal cable assembly connected. 

o Monitor power cord connected to power Drawer. 

o Serial signal cable connected. 

o Utility power outlet voltage checked. 

o AC checked to match outlet voltage. 

o Instrument power cord connected to outlet. 

o Printer power cord not connected to outlet. 

o Vacuum line connected. 

o Purging Vent opened. (lfwithout HEPA Filter, close before taking measurements.) 
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9.1 POST REPAIR CHECKUST 

Objectives: 

1. Standardize installations and servicing of Surfscans. 

2. Establish an accepted minimum set of performance criteria 

N otes/lnstructions: 

9-1 

1. For the most part, the form is somewhat self-explanatory except for the Optical 
Noise Check. 

2. Optical Noise Check (Based on QA Procedures) : 
To check for Optical noise, scan a very clean wafer with the following settings: 

Currently QA specifies the 6" wafer to produce less than 2000 total particles at the 
6mm edge exclusion and without 'smiley faces' at the larger edge exclusions selected. 

EDGE DISPLAY DISPLAY 

WAFER EX- THRESHOL[ MODE FROM FROM 
CLUSION 

4" 2mm .006 Single .006 .050 
4" 4mm .006 Single .006 .050 
4" 2mm .004 Double .006 .050 
4" 4mm .004 Double .006 .050 
5" 2mm .006 Single .006 .050 
5" 5mm .006 Single .006 .050 
5" 2mm .004 Double .006 .050 
5" 5mm .004 Double .006 .050 
Q" 2mm .006 Single .006 .050 

6" 6mm .006 Single .006 .050 
6" 2mm .004 Double .006 .050 

The form asks that you specify which settings were selected for the optical noise check. 

1. If a printer is available, attach the printout where specified. 

2. Attach the Checklist along with printouts to the appropriate work order. 
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SURFSCAN 4000-5500 POST-SERVICE CHECKLIST 

Date: _____ ....:1 Engr: ______________ _ 

Model: ______ SIN S/W Rev: ______ _ 

SYSTEM CAUBRATION AND PERFORMANCE 

1. Check the Calibration and Sensitivity of the Instrument using a VLSI 1.091,u PSL 
Wafer (Primary Calibration Pt) and VLSI 0.364p PSL Wafer (Secondary Calibra­
tion Pt). Record the following Data using Multiple Scan mode: 

1 

2 

3 

4 

5 

SCAN# 

MEAN: __ _ 

SDEV: 

CV%: 

COUNT 
1.091,u 

MEAN SIZE 
1.09J..u 

COUNT 
0364p 

SPEC: ( CV% = SDEV/ MEAN X 100) 3% 

MEAN SIZE 
.364p 

2. Print out the following:Histogram: l.Op __ Wafer Map: LOp __ _ 

For both Standards. Histogram: 0.364p __ Wafer Map: 0.364,u __ 

3. Using a VLSI Relative Standard (1400 or 1402), verify all four peaks are distinct 
and free of non-uniformities. TYPE. 

4. Verify counting accuracy, check for Double-hits. 

5. Print out the following: Histogram: REL __ Wafer Map: REL __ _ 
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6. Optical Noise Check: 

Threshold: Wafer Size: ___ _ Edge Exclusion: __ _ -----
Display From: ___ _ To: ----:------Edge Exclusion: __ _ 

Particle Count: ---Mode: ------ Wafer Map Printout: __ 

7. Measure and Record the following bus voltages: 

Distribution, + 5V ____ _ Distribution, + 12V _____ _ 

Distribution, + 24V ___ _ Distribution,-12V _____ _ 

Distribution,-5.2V ____ _ Dist/Handler, + 33V -----
8. Measure and Record the PMr Drive Voltages at the Distribution PCB 

R87 Bottom for the following MAX SIZE settings: 

MAX SIZE Measured MAX SIZE Measured 

0.000 _______ volts 2.56 _______ volts 

0.256 volts 5.12 volts -------
0.512 volts 10.24 volts ------
1.024 volts 25.6 volts ------
9. Measure and record the "LASER OK" DC Voltage -at the Distribution PCB, 

U16 Pin 10. LASER OK Voltage: ______ volts 

10. Measure and record the scanner amplitude voltage at the test point marked "AMP" 
on the Distribution PCB (Nominal = -2.0V) 

SCANNER AMP Voltage: _______ volts 
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VIDEO MONITOR CHECKS 

11. Check the range of brightness. The background raster-scan should be slightly 
visible with full CW rotation of the brightness control 

12. Select the MENU. Check Vertical Linearity of Characters. 

13. Verify centering of display. All characters should be visible and a minimum of 
1/4" from CRT edges. 

14. Monitor l00mm, 125mm, 150mm wafer scans. Verify that the horizontal and 
vertical linearity adjustments produce a circular wafer pattern. 

KEYBOARD/OPERATIONS CHECKLIST 

15. Verify the operation of the Power On LED. 

16. Verify the operation of Help Screens. 

17. Verify Menu # 1 Quadrants through all parameters and options. 

DATACOLLECTION __ __ DATADISPLAY ___ _ 

SORTPARAMETERS __ __ SYSCONFIG 

18. Initiate a wafer scanning operation; press STOP and then HOME. Verify correct 
operation. 

19. Verify EXTERNAL RESET functions. 

SORTING/HANDLING CHECKLIST 

20. Verify smooth operation of the Indexer's Stepping Motors for the platforms, and 
the coulisses. 

21. Verify the smooth up and down operation of the cassette and indexer platforms. 

22. Verify that each wafer is centered in the cassette slot as it is loaded and unloaded. 

23. Verify that wafers in slots 1, 12, and 25 are taken out of the center of cassette slots 
and placed into the center of cassette slots. 

24. Verify smooth wafer delivery between cassettes and scan unit without excessive 
noise or vibration. 
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9.2 COMMONLY USED PARTS 

9.2.1 NUMERICAL SORT 
Part Number 
054135-02 
054135-24 
054291-02 
054291-24 
054364-02 
054364-24 
054453-02 
054453-24 
054526-24 
055069-24 
055972-02 
055972-24 
059366-24 
059390-24 
060518-02 
060534-24 
060895-24 
060925-24 
061050-02 
061050-24 
061115-24 
062880-24 
062960-24 
063827-24 
063967-24 
063975-24 
063983-24 
063991-24 . 
066192-24 
070602-24 
070734-24 
071480-24 
072141-24 
074349-02 
074349-24 
077054-24 
077860-02 
077860-24 
079014-24 
079294-02 
0792~4-24 
079316-24 
079553-02 
079553-24 
080730-24 
080810-02 
080810-24 
082260-24 
083950-24 
086045-24 
086630-24 
086657-24 
086665-24 
086681-24 
087696-24 
088021-24 
088269-24 
088820-24 
090891-24 
090913-24 

Descri lion 
PCB ~CHEMAllc,I/O,SFS4 
PCB ASSYJ/O 
PCB SCliEMAllC.KEYBOA.Im. 
PCB ASSY,KEYBOARD 
PCB SCHEMAllC.INDEXER 
PCB ASSY,lNDEXER 
PCB SCHEMAllc.HANDLER, VACUUM 
PCB ASSY,HANDLER 
MIRROR,END,FRONT,SFS4 
PL,ADJ,ELLlPTICALMIRROR,SFS4 
PCB SCHEMA llc,DISTRIBUTION,SFS4 
PCB ASSY.DISTRIBUTION 
TROLLEY ASSY,HANDLER 
COUUSSE ASSY,FRONT,INDEXER 
SCHEMAllC,PWR DRA WER,SFS4 
PCB ASSY,DRAM 
ENCODER,D~~SCR,HDLR 
MOTOR ASSY COUUSSE,INDEXER 
PCB SCHEMATIC,HIGH VOLT,SFS4 
PCB ASSY,HIGH VOLTAGE 
SENSOR ASSY,OPTICAL 
MOTOR ASSY,TRACK,MOTOR 
MONITORASSY 
MOTOR SUBASSY,TRACK,HDLR 
PCB ASSY,SLA VE CPU 
PCB ASSY,MEMORY 
PCB,CPU 4MHZ . 
PCB ASSY,VIDEO MATROX 
SCAN MIRROR,GS,sFS4 
PCB ASSY,HANDLER&VACUUM CNTRL 
RESTRICfOR,FLOW,HDLR 
INDEXER ASSY,FRONT,RA 
ARM ASSY,RA,HDLR 
PCB SCHEMAllC,PMT PREAMP,S364 
PCB ASSY,PRE-AMP PMT 
PCB ASSY,PPC,S4000 
PCB SCHEMATlC,PREPROCESSOR,S4000 
PCB ASSY,PRE-PROCESSOR 
PL,FRONT ,MIRROR ASSY,S364 
PCB SCHEMATIC,PHOTOMLT STR DV 
PCB ASSY,PMT STRING DIVIDER 
FIBER OPTICS ASSY,SFS 
PCB SCHEMATIC,PMT LID,S364 
PCB ASSY,PMT LID 
PCB ASSY,PMT STRING DIVIDER 
PCB SCHEMA TIC,A-D,S5000 
PCB ASSY,A-D 
PCB ASSY,PMT,STR DIVIDER,S4000 
PCB ASSY,PMT & SOCKET 
PCB,CPU-9 
BLOCK DlAG,PROD STRCfR,S4500 
PL ASSY,OPTICS 
FILTER & FIRST LENS ASSY,SSOOO 
OPTICS&SUPPORT ASSY 
OPTICS ASSY,MIRROR/FIBER 
FOCUS LENS ASSY,SSOOO 
POWER DRAWER ASSY 
LASER ASSY,S5000 
CATCHER,BEAM,UPR 
MT,BEAM CATCHER 

9-5 
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Part Number 
090930-24 
092754-24 
092819-02 
092819-24 
093866-24 
093874-24 
106n1-24 
106828-24 
nTI14-24 
128066-02 
128066-24 
142719-24 
143146-24 

Descri lion 
BAR.ifETROBEAM CATCHER 
WAND,VACUUM,SHORT,2IN WFR 
PCB SCHEMATIC, VAC CNTRL,MOD,SS 
PCB ASSY,VACUUM CNTRL 
WAND ASSY,S'IDJ,.<?PTION 
WAND ASSY.2&3lN OPTION 
HARNESS ASSYiWR DRWR,SSOOO 
PWR DRWR ASSY;S5500 
MONITORASSY$4~ -
PCB SCHEMATIC,PMT CNTRL,SSOOO 
PCB ASSY,PMT 
MOTOR ASSY,HDLR 
PROGRAM SET,sFS 

Tencor SFS 4500 
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9.2.2 Sorted By Description 
Part Number 
Dn141-24 
090930-24 
086630-24 
090891-24 
059390-24 
060895-24 
079316-24 
086665-24 
088021-24 
106771-24 
071~24 
088820-24 
054526-24 
062960-24 
117714-24 
060925-24 
062880-24 
142719-24 
063827-24 
090913-24 
087696-24 
086681-24 
063983-24 
086045-24 
054135-24 
054291-24 
054364-24 
054453-24 
055972-24 

Description 
ARM ASSY,RA.HOLR 
BAR,RETROB£AM CATCHER 
BLOCK DIAG~PROD STRCTR,S4500 
CATCHER,B UPR 
COULISSEASSY ONT,INDEXER 
ENCODER.DISK,LEAD SCR,HDLR 
F1BER OPTICS ASSY,SFS . 
Fll..TER & FIRST LENS ASSY,SSOOO 
FOCUS LENS ASSY,SSOOO 
HARNESS ASSY,PWR DRWR,SSOOO 
INDEXERASSY.FRONT,RA 
LASER ASSy.s5000 
MIRROR,END.FRONT ,sFS4 
MONITORASSY 
MONITOR ASSY S4500 
MOTOR ASSY.CQULISSE,INDEXER 
MOTOR ASSY,TRACK,MOTOR 
MOTOR ASSY,HDLR 
MOTOR SUBASSY,TRACK,HDLR 
MT,BEAM CATCHER 
OPTICS ASSY,MIRRORIFIBER 
OPTICS&SUPPORT ASSY 
PCB,CPU 4MHZ 
PCB,CPU-9 
PCB ASSYJ/O 
PCB ASSY,KEYBOARD 
PCB ASSY,INDEXER 
PCB ASSY,HANDLER 
PCB ASSY,DISTRIBunON 
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9.3 REVISED/ EXPANDED DRAWING SET 

Part Number 
060534-24 
061050-24 
063967-24 
063975-24 
063991-24 
070602-24 
074349-24 
077054-24 
07786()..24 
079294-24 
079553-24 
080730-24 
080810-24 
082260-24 
083950-24 
092819-24 
128066-24 
054135-02 
054291-02 
054364-02 
054453-02 
055972-02 
061050-02 
074349-02 
077860-02 
079294-02 
079553-02 
080810-02 
092819-02 
128066-02 
055069-24 
079014-24 
086657-24 
088269-24 
143146-24 
106828-24 
070734-24 
066192-24 
060518-02 
061115-24 
059366-24 
092754-24 
093866-24 
093874-24 

Drawing . 
PCB ASSY,DRAM 
PCB ASSY,HIGH VOLTAGE 
PCB ASSY,SLA VE CPU 
PCB ASSY,MEMORY 
PCBASSY,VIDEOMATROX _ 
PCB ASSY,HANDLER&VACUUM CNTRL 
PCB ASSY,PRE-AMP PMT 
PCB ASSY,PPC,S4000 
PCB ASSY,PRE-PROCESSOR 
PCB ASSY,PMT STRING DIVIDER 
PCB ASSY,PMT LID 
PCB ASSY,PMT STRING DIVIDER 
PCB ASSY,A-D 
PCB ASSY,PMT,STR DIVIDER,S4000 
PCB ASSY,PMT & SOCKET 
PCB ASSY,VACUUM CNTRL 
PCB ASSY,PMT 
PCB SCHEMA TIC,IJO,SFS4 
PCB SCHEMATIC,KEYBOARD, 
PCB SCHEMATIC,INDEXER 
PCB SCHEMATlC,HANDLER, VACUUM 
PCB SCHEMA TlC,DISTRIBUTlON,SFS4 
PCB SCHEMATlc,mGH VOLT,SFS4 
PCB SCHEMATlC,PMT PREAMP,S364 
PCB SCHEMATlC,PREPROCESSOR,S4000 
PCB SCHEMATlC,PHOTOMLT STR DV 
PCB SCHEMATlC,PMT UD,S364 
PCB SCHEMATlC,A-D,SSOOO 
PCB SCHEMATlC,VAC CNTRL,MOD,S5 
PCB SCHEMA TlC,PMT CNTRL,SSOOO 
PL,ADJ,ELLIPTICALMIRROR,SFS4 
PL,FRONT,MIRROR ASSY,S364 
PL ASSY,OPTICS 
POWER DRAWER ASSY 
PROGRAM SET,SFS 
PWR DRWR ASSY,S5500 
RESTRICfOR,FLOW,HDLR 
SCAN MIRROR,GS,SFS4 
SCHEMA TIC,PWR DRA WER,SFS4 
SENSOR ASSY,OPTICAL 
TROLLEY ASSY,HANDLER 
W AND,V ACUUM,SHORT,2IN WFR 
WAND ASSY,STD,OPTION 
WAND ASSY,2&3IN,OPTION 

Tencor SFS 4500 
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9.4 Glossary 

This appendix defines technical terms and names of Instrument components. For help 
with instructions, refer to the 'Table of Contents" or the "Index." 

Active Wafer Area 
Area within the boundaries of the edge exclusion and the front exclusion. 

Area Zoom 
Feature that allows an area of Particle Map to be enlarged for detailed analysis of 
particle positions. (For particle counting classification only.) 

Automatic Mode 
Sequential scanning of all wafers carried in a wafer cassette. 

Bubble Level 
Shows the level of the Transporter System. 

Cassette 
(see "Wafer Cassette.") 

Cassette Map 
After wafer cassette initialized, shows which slots have wafers. 

Composite Display Mode 
Provides. Particle Map, Histogram, and Haze Map. for Data Display. (DISPlAY 
MODE = COMPOS.) 

Converter/Buffer 
Optional; interfaces the serial port to parallel 80-column printer. 

Cross-Sectional Light-Scattering Area 
Area of a particle measured in terms of the apparent size due to light scattering; refer 
to "Section 4 Theory" for more information. 

Data Display 
Scre:.en on Monitor displaying results of scan. 

Particle 
Particle, pit, scratch, or any surface characteristic that scatters light as a pulse. 
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Particle Display Mode 
Shows positions of particles in three size ranges. Yellow is smallest size, orange is 
medium, and blue is largest. Also called Three-Color Particle Map. (Display Mode 
= Particle) 

Particle Map 
Shows position of particles on the active wafer area. 

Direct Entry 
Parameter with value entry from numerical keypad. 

Edge Exclusion 
Parameter; a border within the edge of the wafer. Data is not collected outside the 
border. 

Fetch 
The operation of grasping and removing a wafer from a Sender wafer cassette. 

Handler 
The sub-system that handles the wafers while they are out of a wafer cassette; the part 
that moves back and forth between the wafer cassettes and the Scan Unit. 

Handler Arm 
The "arm" that holds the Puck. 

Haze 
Generalized scatter (not pulses) from surface roughness or other features smaller than 
the wavelength of scanning laser beam. 

Haze Map 
Shows position of haze on the active wafer area. 

Help Screen 
Screens with basic operating instructions and applications. 

HEPA Filter 
Optional; filters the air inside the Scan Housing of the Instrument. 

Histogram 
Depicts the number of particle display pixels versus the size in light-scattering cross­
sectional area. 

Histogram Cursors 
Vertical bars on orange Histogram that can be moved to define range for analysis or 
replotting. 

Indexer 
The system that raises and lowers the wafer cassette so wafers can be fetched or 
unloaded by the Puck. 

Indexer Platform 
The platform that holds the wafer cassette. 
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Initialization 
Pressing [CARR] after cassette is loaded, causing wafer inventoIY,and display of 
Cassette Map. Random-Access function (Normal Sequential Scanmng, t>rogrammed 
Sequential Scanning, and Random-Access Scanning) requires initialization; Sequen­
tial-Access function (Reverse Sequential Scanning) does not. 

I/O Panel 
Left side panel (when facing Monitor) with signal connections for Printer, Monitor, 
and external System Reset Button. 

Keyboard 
Contains keys for programming menus and commanding operation sequences. 

Levelers 
Feet on bottom for leveling Instrument. 

Listed Entry 
Parameter entry by cycling through list with cursor keys. 

Locator Block 
A plate attached to the Indexer Platform. The Locator positi~the type of wafer 
cassette chosen (either type P A-72 or PA-182 series Fluoroware ). 

Manual Mode 
Scanning of single wafer carried in wafer cassette each time [START] is pressed. 

Menu 
Screen on Monitor displaying operating parameters. 

Message Window 
Area of Data Display showing messages to operator. 

Monitor 
(also called "Video Monitor"): CRT display; shows Menu or Data Display. 

Normal Sequential Scanning 
Manual Mode or Automatic Mode scannin& of wafers starting with top wafer and 
ending with bottom one. Requires initializatIon. . 

One-Wafer Mode 
Scanning of a single wafer not carried ina wafer cassette. 

Parameter 
Specifies variables for operating conditions. 

Plotting Area 
Part of Data that shows the colored overlays (Particle Map, Histogram, and Haze Map 
in Composite Display Mode; Three-Color Particle Map 10 Particle Display Mode). 

PMTGain 
Percentage gain of photomultiplier tubes; sets maximum particle size measurable by 
Instrument. 
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Power Drawer 
Conditions power for Instrument and Monitor. Holds power receptacle, AC Voltage 
Selector, and fuses. 

Power Receptacle 
Connector for line cord from utility outlet to Instrument. 

Printer 
Generates paper record of scan results. 

Programmed Sequential Scanning 
Similar to Normal Sequential Scanning except that selected group of wafers are 
scanned. Requires initialization and programming from Cassette Map. Can be used 
in Manual Mode or Automatic Mode. 

Puck (also called "Vacuum Puck") 
Grasps the wafer for handling; coated with Teflon TM to prevent wafer contamination. 

Purging 
Filtering or removing particles from inside the Scan Housing, either by cleanroom 
airflow (standard) or by HEPA Filter (optional). 

Purging Vent 
Small door on rear of Scan Housing for purging airflow. 

Receiver 
Indexer that accepts unloaded wafers (with the Two-Indexer Configuration, the Sender 
is also a Receiver for rejected wafers). . . 

Random-Access Scanning 
Selection of individual wafers to be scanned in Manual Mode. Requires initialization 
cassette and selection from Cassette Map. 

Reverse Seq uential Scanning 
Manual Mode or Automatic Mode scanning of wafers starting with bottom wafer and 
ending with top one. Done without initialization. 

Scan Housing 
Contains the detection system and analog electronics. 

Scan Port 
Small slot in the Scan Housing to allow wafers to be transported into the detection 
system. 

Sender 
Indexer that wafers are fetched from. For Two-Indexer Configuration, also receives 
wafers sorted as rejects. Sender only for Three-Indexer Configuration. 

Status Line 
Row at bottom of Data Display that shows operating status of Instrument. 

Summary Data 
Part of the Data Display; displays numerical results of scan. 
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Three-Color Particle Map 
(see "Particle Display Mode.") 

Track Cover 
Blocks stray light from entering the Scan Port. 

Transporter System 
Robotics which handle all physical transfers of wafers. 

Unload 
The operation of depositing a wafer in a wafer cassette. 

Vacuum Connector 
The connection on the rear of the Transporter System for facilities vacuum. 

Vacuum Puck 
(see "Puck") 

Wafer Cassette (also called "Cassette" or "Carrierj 
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The tray that holds a group of wafers for handling; raised or lowered by the Indexer 
to allow thfMPuck to access to each wafer. (Locator Blocks standardized for 
Fluoroware series PA-72 or PA-182.) 

Wafer Comparison Display 
Screen on Monitor displaying results of two sets of scans made in Manual Mode or 
Automatic Mode. Use to compare wafers in the same cassette before and after a process. 





Appendix 10-1 

10.1 Service 

Symptom 
Procedure (follow first to last) 

Menu not displayed when [MENU] pressed 
Check that Menu Security Lock is not locked. 

Keyboard not working 
1) If scanning or other operation being done, wait for a few moments. Try again. 

2) Press System Reset Button (on left side panel). 

No power 
Check fuses - two for Instrument, one for Monitor, and one for Printer. 

20-column Printer not printing 
1) Check that parameter PRINTER TYPE = 20 COL Try printing again. 

2) Reset by unplugging Printer power cord and reconnecting. Try printing again. 

SO-column Printer not printing 
1) Check that parameter PRINfER TYPE = 80 COL. Try printing again. 

2) Reset Converter/ Buffer. Try printing again. 

Wafers rubbing or binding in cassette 
1) Check that cassette correctly loaded on Indexer Platform. 

2) Check and adjust Indexer pitch and home using procedures in "Switching Locator 
Blocks." 

Wafer dropped into Transporter 
1) If wafer is unbroken, grasp with vacuum wand to retrieve. 

2) If wafer is broken. vacuum chips out (call Tencor Instruments Service for assistance). 

Wafer dropped inside Scan Unit 
Call'Tencor Instrument Service. 
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10.2 Using Status Display Codes 

A parameter in the System Configuration Quadrant of the Menu can be set to display 
status messages on the Monitor. The status codes are useful during in-depth 
troubleshooti~g. . Normally, the STATUS DISPlAY parameter is OFF~ but it can be 

. set to ON or TEST. 

Status Display Off 
The normal value for this {Jarameter, OFF leaves the area for status codes blank. 
Unless an instrument error IS suspected, leave the Status Display off. 

Status Display On 
If the parameter STATUS DISPlAY is set to ON, the Data Display includes codes 
that describe the internal machine operations. These codes appear in the bottom left 
comer of the Data Display, below the Message Window. The codes are arranged in 
lines, with each line pertaining to a type of operation. This feature is not intended for 
your use; Tencor Instruments Service Engineers will refer to it when needed. 

Status Display Test 
Compared to STATUS DISPLA Y = ON, this uses more of the Data Display to provide 
test messages. While the value TEST is selected, the Histogram CUrsors are not 
displayed sme the white "plane" of the Monitor is reserved in the plot area for the test 
messages. 

The test messages are intended primarily to show how the program is running, 
revealing the contents of various registers and stacks. These do not indicate hardware 
states or problems. 

Be sure to leave STATUS DISPLAY at OFF or ON or else the Histogram Cursors 
cannot be used. 

10.3 Purging System 

Purging removes airborne particles from inside the Scan Unit. There are two ways to 
purge: without a HEPA Filter or with one. Check the sales order to find out if the 
Instrument is equipped with this Filter feature. The system should be purged first 
when it is installed or whenever unfiltered air has reached the Instrument, such as 
when mbving to another location. 
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Purging Without HEPA Filter 
If the Instrument does not have a HEPA Filter, cleanroom airflow sweeps particles 
out. Air already filtered by the cleanroom system enters the Scan Housing, gradually 
displacing the contaminated air. 

Open the Purging Vent located on the rear panel of the Scan Housin$-and allow several 
hours for the system to be purged. Close the Purging Vent before usmg the Instrument. 

-
If without a HEPA Filter, the Instrument should not be used for measurement while 
the Purging Vent is open. Ambient light may affect the measurements. 

Purging With HEPA Filter 
If the Instrument has a HEP A Filter, an internal fan purges the Scan Housing by forcing 
in filtered air. Air containing particles is then pushed out of the Scan Housmg since 
it is replaced with clean air (positive displacement). -

Open the Purging Vent and turn on the HEP A Filter circulating fan by pressing 
[HEPA] (on the Keyboard). Check that the Status Line of the Data DlSplay says 
"HEP A" Allow the filter to run for approximately half an hour or more. The fan may 
be left on continuously (leave Purging Vent open) or else turned off after purging. 

Note: With a HEP A Filter, the Instrument can be used for measurement while the 
Purging Vent is open. Measurements will not be affected by ambient light or the fan. 

10.4 Cleaning Puck 

Coated with a special contamination-resistant surface, the Puck can be cl~ed using 
a cleanrooin wipe and .i.methyl alcohol warning;. The surface has a Teflon coating; 
any safe solvents for this substance can be used for cleaning. The Puck should not 
require regular cleaning unless gross contaminants from the bottoms of wafers have 
been transferred to it during wafer handling. 

METHYL ALCOHOL (METHANOL) IS HIGHLY FLAMMABLE AND 
POISONOUS. FUMES SHOULD BE REMOVED BY ADEQUATE VENTIlA­
TION WHILE USING. 

Without a cassette on the Sender Indexer, press [START] to bring the Puck out to the 
One-Wafer Mode load/unload position. Check that vacuum is not being drawn into 
the ports on the Puck - if it is making a hissing sound, wait until it stops. 

Dampen the wipe with methyl alcohol (excess alcohol might drain into the vacuum 
control system if the wipe is dripping wet). 
Rub the wipe over the top and edges of the Puck. Dry it with a fresh wipe and allow 
any remaimng alcohol to evaporate for a minute or longer. 

Press [HOME] to send the Puck Home. 
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10.5 Replacing Instrument Fuses 

If the keyboard power LED and the Monitor tum off while the Instrument is being 
used, the problem may be a blown fuse in the power receptacle (fig 7.5a) on the left 
side panel. There are two fuses in this fuse block. One or both may need replacing if 
the fnstrument is not working. 

Turn the Instrument power switch OFF. 

Disconnect the Instrument line cord from the power receptacle. 

Fig.10-1 Power Receptacle 

Carefully pry open the fuse cover with a small screwdriver under the tab at the top. 

Slide out both fuse holder inserts . 

j '-'--

Fig. 10-2 Fuse Holder Inserts 
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Replace each blown fuse with a new one of the proper rating. 

(2) 5 Ampere slow-blow, 220 V AC and 240 V AC 

(2) 2 Ampere slow-blow, 100 V AC and 117 V AC 
With the arrows pointing up, reinstall the fuse holder inserts. 

Close the fuse cover and press until it snaps shut. 
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Connect the line cord to the power receptacle and tum the power switch ON. Resume 
scanning. 

10.6 Replacing Monitor Fuse 

The Instrument blanks out the Monitor after a few minutes of inactivity to preserve 
the CRT's life. It may be awakened by pressin~ any key, such as [HELP] or [MENU]. 
If the Instrument is working but the Monitor 15 blank, the problem may be a blown 
Monitor fuse. 

Turn the Instrument power switch OFF. 

Instrument power cord from the utility outlet. 
The Monitor power fuse holder is mounted above the Monitor power outlet. Remove 
the fuse cover by turning counterclockwise. Remove and replace fuse with: 

(1) 2 Ampere slow-blow, 117 V AC 
Replace the fuse cover, plug in the Instrument power cord, and power up. 

If this does not fix the problem, start at Step 1 again and check the fuseholder on the 
rear chassis of the Morutor (open the Monitor's rear cover). This 3 ampere fuse should 
not blow before the Monitor outlet power fuse does. 

10.7 Replacing Printer Fuse 

If the 20-column Printer's power LED is OFF even though it is plugged in, its internal 
fuse may need replacing. Follow the procedure "Changing Printer Voltage Selec­
tor.i. Voltage Selector;" for access to this fuse. 

10.8 Changing Instrument Voltage Selector 

If the Instrument is moved to a site having a different rating of AC power, its Voltage 
Selector must be switched. If the power change is from 100 V AC or 117 V AC to 220 
V AC or 240 V AC, then the Instrument power cord must be replaced too (contact 
Tencor Instrument Sales). 

Since the Monitor draws power from the side panel's Monitor power outlet (condi­
tioned by the Instrument), changing the Voltage Selector (and replacing the cord too 
for 100-117 to 220-240) is the only adjustment necessary for the Instrument. However, 
the Printer Voltage Selector may need changing if its power source has been changed 
also. 
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To change:then: 

from 100 V AC to 117 V ACRotate selector. 

from 117 VAC to 100 VAC 

from 220 V AC to 240 V ACRotate selector. 

from 240 V AC to 220 V AC 

from 110/117 to 220/2401)Rotate selector. 

from 220/240 to 11D/1172)Replace Instrument line 

cord. 

3 )Replace fuses. 

The Voltage Selector is not a thumbwheel switch. It is a cam which must be removed, 
rotated to select the voltage, and reinserted. 

Turn the Instrument power switch OFF. 

Disconnect the Instrument power cord from the power receptacle. 
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Fig. 10-3 Power Receptacle 

Carefully pry open the fuse cover with a small screwdriver under the tab at the top. 

Remove the Voltage Selector. 

VOLTAGE SELECTOfI 

'. 

Fig. 10-4 Removal of Voltage Selector 

Measure the utility outlet voltage with an AC voltmeter to verify the correct value for 
the Voltage Selector (refer to the operating specifications for voltage tolerances). 

Rotate the Voltage Selector so the correct value will face outward when reinserted. 

Slid~ the Voltage Selector back into the slot. If upside down, it will not fit. It must be 
inserted completely. 

Check that the correct fuses for the line voltage are installed. 

Close the fuse cover and press until it snaps shut. 

THE LINE CORD MUST BE CONNECTED TO A GROUNDED OUTLET 
WHILE THE INSTRUMENT IS IN USE TO PREVENT POSSIBLE ELECTRIC 
SHOCK FROM THE METAL CHASSIS. CHECK THE GROUND CONNEC­
TION BEFORE PLUGGING THE LINE CORD INTO AN OUTLET. 

Connect the line cord (either the new one or the old one, depending on the outlet at 
.. the new location) to the power receptacle. 

Turn the power switch ON. Resume scanning. 
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1 0.9 Changing Printer Voltage Selector 

If the Instrument is moved to a site having a different rating of ACpower, the 
20-rolumn Printer's internal Voltage Selector may need to be switched H the power 
change is from 100 V AC to 117 V AC (or vice-versa), the selector does not need to be 
changed. A change from 220 VAC to 240 VAC (or vice-versa) also does not require 
a change of the Printer Voltage Selector. However, changing from 100 or 117 to 220 
or 240 (or vice-versa) will require switching the Printer Voltage Selector. 

If the Instrument needed a new line cord to match the new site, the Printer will probably 
need a new line cord. 

For more detailed help in troubleshooting or repair of the Printer, refer to the Digitec 
User's Manual. Copies can be obtained £rom DIGITEC, 918 Woodley Road, P.O Box 
458, Dayton, Ohio 4540l. 

This procedure can also be followed to gain access to the Printer fuse. Follow the 
steps below to replace a blown fuse or change the Voltage Selector. 

Turn the Instrument power off and unplug the Printer power cable and serial 
signal cable. 

Remove the four screws that hold the bottom cover to the Printer case. Lift 
the Printer case at the back to separate the two parts. 

Switch the Voltage Selector (located near the transformer) to the position 
shown below: 

position V AC operation 

115110 or 117 

230220 or 240 

Install a fuse of the correct rating. 
V AC operationfuse 

110 or 1171/4 A, 125 V AC slow-blow 

220 or 2401/8 A, 250 V AC slow-blow 

Replace the Printer case. Add the four screws to attach the bottom cover. 

Reconnect the serial signal cable. Power up the Instrument. 
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THE UNE CORD MUST BE CONNECTED TO A GROUNDED OUTIEf 
WHILE THE INSfRUMENT IS IN USE TO PREVENT POSSmLE ELECTRIC 
SHOCK FROM THE METAL CHASSIS. CHECK THE GROUND CONNEC­
TION BEFORE PLUGGING THE LINE CORD INTO AN OlITLET. 

Connect the Printer power cord;. 

10.10 Packing for Shipping or Moving 

If the Instrument must be moved or shipped, review the instructions in "Section 2 
Installation" before continuing here. 

If the original crate has been lost or damaged, contact Tencor Instruments Sales for a 
replacement. A Tencor Instruments crate must be used for correct support during 
transportation or the Instrument may be _damaged during shipping. 

Tum power off and disconnect all cables. 

Disconnect the vacuum line. Plug the line from the facility to prevent draining 
the vacuum supply. Plug the vacuum line connector on the Instrument to 
prevent contamination. 

Remove the Monitor from the top of the Scan Unit. 

Close the Purging Vent. 

To protect the optics from contamination, cut a piece of manila. paper (or 
plastic) to 2-1/ 2" x 9" and tape it over the Scan Port (You may wish to clean 
the paper by spraying it with compressed nitrogen before attaching it.) 
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Fig. 10-5 Covering the Scan Port 

Seal the entire Instrument (without Monitor) with plastic sheeting, taping all 
seams to prevent dust from leaking in. 

Seal the Monitor with plastic sheeting. 

Gently lift the Instrument into the shipping crate, being careful not to lift from 
the Transporter end. 

Pack the rest of the system in the shipping crate. 

10.11 Switching Locator Blocks 

Locator Blocks hold the cassettes in place on the Indexer Platform, The Locator 
Blocks must be switched when changing cassette series between PA-72 and P A-182 or 
vice-versa. There are two types of Indexers that may be installed in the Instrument's 
Transporter, Random Access or Sequential Access. Each type requires a different 
mechanical assembly for the Locator Block - follow the appropriate procedure(s) 
below. 

Random-Access Blocks 
The Sender Indexer is always Random Access. The Receiver( s) may be either 
Random or Sequential. Random-Access Locator Blocks can be easily switched 
without any adjustments, in most cases - call Tenor Instruments Service if switching 
Blocks causes fetching or unloading problems. 

Remove cassette and allow Indexer Platform to rise and tilt back. 

With hex-key wrench, loosen the bolt in the middle of the Block (fig 7.lla) 
until it can be lifted up to clear the dowel pins. Slide the assembly toward the 
center of the Transporter and lift clear. 
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• 

B""--!-- dampiac bait 

n SERIES 182 SERIES 

Fig. 10-6 Clamping Bolt for Random-Access Locator Block 

Disconnect the coiled cord connecting the Indexer PlatforIn to the Indexer 
chassis. Connect the replacement. 

Set the replacement Locator Block in place and tighten the clamping bolt. 

Repeat for any remaining Random-Access Indexers. 

Sequential-Access Blocks 
Receiver(s) may be either Random-Access or Sequential-Access. Compare the 
Locator Block with Figure 7.11a and Figure 7.11b to determine which it is. Switching 
Sequential-Access Blocks may require some adjustments of the Indexer Platform pitch 
and final home position. Follow the procedure given here - call Tencor Instruments 
Service if switching Blocks causes fetching or unloading problems that cannot be 
corrected with these steps. 

72 SERIES 182 SERIES 

L ______ ~--~--~--~----~~~------------------------------~ 
Fig. 10-7 Sequential-Access Locator Blocks 
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Switching Indexer PlatfOnilS 

Put an empty cassette on the Indexer Platform and press [CASS] to initialize. 
(It should level and lower.) Let it lower about one inch and then press [STOP]. 

Remove the cassette. Holding the 'Wings" of the Indexer Platform, tilt it up 
slightly and then push it toward the center of tJ?e Transporter (fig 7.11c) to 
gently pop it off the pivots. 

Fig. 10-8 Removal of Sequential-Access Indexer Platform 

Disconnect the coiled cord connecting the Indexer Platform to the Indexer 
chassis. Connect the replacement. 

Install the replacement by pushing it back onto the pivots. 

Check that the Indexer Platform tilts up and down freely (if it does not, check 
to see if it is completely on the pivots). 

Put a wafer in a cassette in the second or third slot from the bottom. Put the 
cassette on the Receiver Indexer Platform. Put a cassette with wafers on the 
'Sender and press [CASS]. 

Scan a wafer in manual Mode and watch as it is unloaded into the Receiver 
cassette. It should not bind or rub in the cassette slots. If it does, adjust the 
pitch and home using the following procedures. 

Adjusting Pitch of Sequential-Access Indexer Platform 
The Indexer Platform has a final rest point where it is tilted back waiting for a cassette 
to be loaded. When scanning starts, It levels and lowers. The pitch adjustment needs 
to be done when the wafer binds the cassette because the cassette slots are not parallel 
with the Puck's travel as it unloads a wafer. 

Load a cassette with wafers on the Sender. Put a wafer in the second slot (from 
the bottom) in a second cassette and load it on the Receiver being adjusted. 
Press [START] to fetch a wafer, and when it is clear of the Sender, press 
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[HOME]. When the Puck stops at Home, press [START] to send the wafer 
to the Receiver. As it enters the slot, press [STOP] to halt. 

Look at the cassette from the side to compare to gaps between the top and 
bottom of the wafer with respect to the cassette slot (fig 7.11d). Start and stop 
the Puck travel to compare the gaps along the whole slot as the wafer is 
unloaded. If the gaps are constant (Le. the wafer plane is parallel with the 
slot's plane) go on to "Adjusting Indexer Platform Home." If the gaps are not 
constant, the pitch must be adjusted - continue. 

,;tdo _ low 

Fig. 10-9 Checking Indexer Platform Pitch 

Press [START] to let the Puck unload the wafer and go Home. Remove the cassette 
(the Platform should rise to the top and tilt). 

The pitch adjustment is done with a hex-key wrench by reaching underneath the 
platform support (fig 7.l1e). This adjustment screw should be turned only 1/ 8 to 1/ 6 
of a turn and then Step 1 and 2 repeated to recheck the pitch. If the Platform pitch is 
t'?o hi~h, tum the adjusting ~cr~w clockwise (as viewed f!om the top). If the Platform 
pitch IS too low, tum the adJustmg screw counterclockwise. 

Fig. 10-10 Sequential-Access Pitch Adjustment Screw 
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Adjusting Home of Sequential-Access Indexer Platform 
This procedure should be done only after the pitch has been checked. When the pitch 
is correct, the wafer's plane may still be too high or too low in the slot In this case, 
the home position must be adjusted to ensure that the wafer will not rub during 
unloading.? Load a cassette with wafers on the Sender. Put a wafer in the second slot 
(from the bottom) in a second cassette and load it on the Receiver being adjusted. 
Press [START] to fetch a wafer, and when it is clear of the Sender, press (HOME]. 
When the Puck stops at Home, press [START] to send the wafer to the Receiver. Just 
before the wafer is fully unloaded, press [STOP] to halt 

sette from the side to compare the gaps between the top and bottom of the wafer with 
respect to the cassette slot (fig 7.1H). Compare the upper gap with the lower one. H 
they are the same (within visual comparison), no home adjustment is needed. 

SIDE VIEW 

Fig. 10-11 Checking Indexer Platform Home (note: exaggerated for clarity) 

Press [START] to let the Puck unload the wafer and go Home. Remove the cassette 
(the Platform should rise to the top and tilt). 

The home adjustment is done with a hex-key wrench through an access hole in the top 
of the Indexer Chassis assembly (fig 7.11g). This adjustment screw should be turned 
only 1/8 of a turn and then Step 1 and 2 repeated twice, rechecking the home {>osition 
on the second time. (Internal logic must be reset by Platform rising and tilting m order 
to recognize new adjustment.) If cassette is too high, turn adjusting screw 
counterclockwise (as viewed from the top) 1/8 tum. H cassette is too low, tum 
clockwise 1/8 tum. 

r--- -
I 
I 

TOP VIEW 

Fig. 10-12 Sequential-Access .Home Adjustment Screw 
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11. 1 Serial Output 

A useful resources for special applications, this appendix describes the technical details 
of the serial output. For instructions on printing, refer to "Section 5 Operation." 

The serial output is done by the CPU board via a UART (Universal Asynchronous 
Receiverffransmitter) chi{> with a standard line driver converting logic levels to the 
RS-232C.i.RS-232C; definition for volts. The R5-232C serial data can be accessed 
from the 25-pin (DB-25) connector labeled "OUT 1 PRINT" (on the I/O Panel on the 
Instrument's left side). Wired as a DCE (nata Communication..Equipment), this port 
can drive a signal up to the distance specified by the R5-232C standard. 

This serial port is normally used to connect the standard 20-c0lumn alphanumeric 
Printer (fig AI). Available from Tencor Instruments, an optional Converter/Buff­
er.i.Converter/Buffer; can be interfaced to convert the serial (Jata to parallel for other 
applications. With an 80-column graphics printer interfaced, the Instrument can 
transmit the Defect Map, Histogram, and! or Haze Map for printing. The recom­
mended printer is a parallel-input Epson FX-80 + interfaced to the Instrument serial 
port via the optional Converter/ BUffer. (This buffer could also be used to interface 
other devices requiring parallel input, such as a datalogger.) 

I Instrument 

20 COL Converter / Buffer 

80 COL Data logger 

Fig. 11-1 Serial Port Applications 
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11.2 Serial Port Details 

The baud rate and format is specified b" the value selected for the PRINTER TYPE 
parameter. (Baud means "bitS! second. ) The serial data is transmitted as 8 data bits 
with no stop bit or parity bit. 

11.3 Handshaking 

Handshaking is done via the DTR signal line (pin 20; active-low) monitored by the 
Instrument. ~While this pin is held high by the peripheral, no data is sent. As soon as 
the peripheral brings thIS pin low, the Instrument transmits data 

11.4 Connector Pinout 

The serial output connector on the II 0 Panel is a 25-pin (DB-25) female connector. 
The pin functIons, shown in Figure A2, set up the serial port as a DCE. Only three 
pins are used: 3, 7, and 20. 

Fig. 11-2 Serial Pinout 

OUT 1 PRINT 

ground (7) transmit (3) 

•••••••••••• 14 

DTR (20) 
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11.5 Using Converter! Buffer 

The optional RS-232C Serial-to-Parallel ConverterIBuffer (ConverterIBuffer) can be 
used to interface the Instru~'s serial output to an 80-c0lumn printer such as the 
parallel-input Epson FX-80 + . The Converter/ Buffer converts t4e serial output to 
parallel for driving this printer. (The standard 20-c0lumn Printer shipped with the 
Instrument is serially driven, so it does not require a Converter! Buffer.) The Con­
verterIBuffer from Tencor Instruments arrives configured for the Instrument's serial 
output. (The details are included here for special applications. Normal operation 
does not require anyreconfiguration.) Refer to the Microfazer Operation Manual for 
additional guidance. 

11.6 Memory 

The ConverterlBuffer has 64K of memory, allowing the complete transfer of data so 
the Instrument can fetch and scan another wafer without waiting for the printer to 
catch up. 

11.7 Interface Cable 

The serial signal cable normally used for the 20-column Printer can be used instead 
to connect the Converter/ Buffer to the Instrument Serial Port. A Centronics parallel 
signal cable is permanently attached to the Converter/Buffer. 

11.8 . Jumper Connections 

Several jumpers inside the ConverterIBuffer (fig A3) configure it for the Instrument's 
data transmission format. (These jumpers have already been set by Tencor Instru­
ments to match the Instrument's output.) 

r 
! - 1_119.2K 

0 0 0 0 
0 0 1~lcTS 
0 0 

0 0 
0 0 10--01 
0 0 I 0 0 

TOP VIEW OF INTERNAL PCB . 
Fig. 11-3 Jumper Connections 
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11.9 Operation 

Before connecting or disconnecting the serial signal cable, tum Instrument power off. 
Otherwise, the serial output circuit may be damaged by transient voltages. 

Following the instructions in the Microfazer Operation Manual, connect the Con­
verter! Buffer, its external power supply, and the 8O-col~ printer. 

TYPE parameter to 80 COL Select the PRINTER OUTPlIT desired. 
Power up the printer and ConverterlBuffer and press the ConverterIBuffer RESET 
button. 

Now the printout chosen by the PRINTER OlITPUT parameter can be printed by 
pressing tbe Instrument [PRINT]. While the Instrument is transmitting data to the 
Converter/ Buffer, the Status Line says "PRINTING" and the keyboard is inactive. 
Operation can resume when this message goes away. Since the Converter! Buffer has 
a large memory buffer, it will keep sendmg parallel data to the 8O-column printer after 
the Status Line message goes away. 
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