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PREFACE

This manual is intenced far pivale use by Leybold Inficon Inc, and its customers. Cantact inflecn
before reproducing its contents.

PREFALCE SECTION 3 - INSTALLING SENSING SYSTEMS
WRRRARTY SECTION 4 - MEASLIFEMENT & CALIBHATION THECHY
TABLE OF CONTENTS SECTION & - MAINTENANCE AND REFAIR
ILLUSTRATION AND DIAGRAM LISTING SECTION & - SCHEMATICS AND MODULE THEOHY

SECTION 1 - MTRODLICTION TO THE SEMTINEL Il SECTION T - COMMUNMICATIONS
SECTION 2 - DPERATIMG THE SEMNTINEL

USE OF THES MANLAL

A tabie of contents and iist of llustrations and tables located in the front of this manual provide essy
access to any portion of the manual. Abbreviations and panel markings are referenced in the ted
exacily as thay appesr on the eguipment.

When reading the Sentinel [l Manual, please pay particular attention to the NOTES, CAUTIONS, amd
WARNINGS found throughout this test, For our purposes (hey are defined as loliows

MNOTE: Partinant Informagion wsstul i achieving meximom Fsttument elfciensy whan Toloeed

CAUTION: Fafurs fo head hess messapas could reeulf in damege fo your instrumant.

WARNING!!
THE MOST IMPORTANT MESSAGES. FAILURE TO HEED COULD RESULT IN
PERSONAL INJURY AND/OR SERIOUS DAMAGE TO YOUR INSTRUMENT.

We imite you to comment on the usefulness and accuracy of this manual by filing out the reply card
and redurning i o us,

WARNING!!

THE SENTINEL Il USES MOS DEVICES IN ITS MEMORY CIRCUITS, WHICH MAY BE
DAMAGED IF EXPOSED TO LARGE STATIC DISCHARGES. IF AT ANY TIME IT IS NECESSARY
TC REMOVE A PRINTED CIRCLNT BOARD, FIRST TOUCH THE CHASSIS. HANOLE AND
REMOVE THE BOARD TOUCHING ONLY THE OUTSIDE EDGE.

HAMDLE OPTICAL COMPCOMNENTS WEARING CLEAN WHITE COTTON GLOVES, FINGER-
PRINTS OR DIRT OM FILTERE AND MIRRORS USED |M THE SEMNTINEL |1l MAY DRASTICALLY
AFFECT THE INSTRUMENT'S PERFORMANCE. [F THESE COMPONENTS NEED CLEANING,
USE CLEAN COTTOM SWABS AND ALCOHOL.

i SENTINEL N



WARRANTY

), EVBOLD INFICON

WARRANTY

WARRANTY AND LIABILITY - LIMITATION: Seller wamrants the products manufacthured by 2, or by an
affiliated compary s sold by it, and described on the reverse bareof, o be, for the period of wamranty
coverage specilied below, free from delects of materials or workmanship wunder normal proper Lse
and service. The period of wamanty coverage Is specifled for the respective products in the respective
Seller Instructon manuals for those products but shall in no event exceed one (1) year from the date
of shipment thereof by Selier, Seller's liability under this wamanty B limited to such of the above
products or parts thereof as are returnad, transportation prepaid, to Sefler's plant, not (ater than thirty
(300 days after the expiration of the period of warranty coverage in respect therec! and are found by
Eeller's examination to have falled to function property because of defective workmanship or materials
ard nol becauvss of iImgproper installation of mistss and B miled 1o, at Seller's election, ofher (a)
repaiing and reluming the product of part thereod, or (b} lurmshing a replacement product or part
thereal, ransportation prepald by Seller in efther case. In the event Buyer discovers of leams that a
product does not conform to warranty, Buyer shal mmediately notify Sefler in wiiting of such
nare-conformdty, specifying in reasonable detall the nalure of such non-conformity, i Seller s mat
provided with such written nolification, Saller shall nol be liabis for any further damages which could
have been avoided il Seller had been provided with immediate written nolification.

THIS WARRANTY IS MADE AND ACCEPTED N LIEL OF ALL OTHER WARRANTIES, EXPRESS OR
IMPLIED, WHETHER OF MERCHAMTABILITY OR OF FHTNESS FOR A PARTICULAR PURPOSE OR
OTHERAWISE, AS BUYER'S EXCLUSIVE REMEDY FOR ANY DEFECTS IN THE PRODUCTS TO BE
SOLD HEREUNDER. All other obigations and liabiliies of Seler, whether in confract or tort (including
negligence) or otherwise, are expressly EXCLUDED. In no event shall Seller be liable for any costs,
expenzes of damages, whether direct or indired, special, incidantal, consequential, or other, on any
claim of any defective product, in excess of the price paid by Buyer lor the product plus retum
transportation charges prepaid,

Mo warranty is made by Seller of any Seller product which has been Installed, used of operated
contrary o Seller's written instruction manual or which has been subjected to misuse, negigence or
accident or has been repaired or altered by amyona ofher than Seller or which has been used in a
meanner o for a purpase for which the Seller product was nol designed nor against any defects dus
lo plans of instructions supplied to Seller by or Tor Buyer.

Note: These instructions do nol provide for every conlingency thal may arise in connection with the
installation, operation or manfenance of this equipment. Shoukd you reguine lurther assisfance, please
contact Leybold Inficon Inc.

INFICON SERVICE DEPARTMENTS

SERVICE DEPARTMENT SERVICE DEPARTMENT
Leybeid Infioan Inc. Lenytakd Infiean Ine.

€500 Fly Road 1880 Hariog Drve

East Syracusa, Mew York 130576714 Ban Jous, Callomia 95131
[315) 434.1167 (408) 428.2808

TW: 110 84108534 TP 408-433.2843

TR A S-457. 300

SENTINEL Il ]
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SECTION 1
INTRODUCTION TO

I-EYBOI-D INFICON SENTINEL Il

Figura 1.1 Sentinal Ii| Operator's Console

1.0 INTRODUCTION TO THE SENTINEL llI

The Sentinel Il & an advanced aloy deposiion process confroller with Electron Impact Emission
Spectroscopy (EIES) as its primary measurement traneducer, The system hardware includes three

subzysiems.

The first subsystemn is the Operator's Console Condrol Unlt, used for all operator, system, and computer
interfacing. This unit containe the Central Processor Unit (CPL, display CRT, and Keyboard.

The second subsyslem is the Sensor Control Uinit (SCL, providing the interface betwean the Operator's
Console and the Sensorfs). This uni supplies power for two sensors and thres Pholomuitiplier Tubes
(PMT's). Currents from the PWT's are comverted into voltages and sent to the Operators Consohe for
processing. This amangement provides maximum flexibifity and simplicity in the design and instaltabon
ol the monitoring equipment,

The: third subaystemn ia comprizsed of the Sensing compaonents, including the Photomultiplier Tubs,

Feadthrough, and Sensors. These sensing components are supported by a lull complemeant of rgid and
Beodbie leadtihroughs, discriminalors, and defectors allowing custom instaliation for precise application.

1-1 SENTINEL IR



SECTION 1

INTRODUCTION TO SENTINEL il

1.1 Specifications for the Sentinel Il

GENERAL

Power Requirsments

100 £ 20 300p 24 VAC +5-100%
ShiediHZ, 150 VA

Operating Temp. (noo-vacugm comp) | 07 o 5000

Warmup Time 5 muin 1o max siabidity
Weight (shipping) 5 s,

Cprical Measuremens Channels 3

Contral Channeis 2

Crystal Measurement | {upriorall

Measurement i Control Injerval

LD SCANM Tnverval
Drsplay Update Inierval

123 m5 (optical sensor]
25] mS (erystal seasof)
250 m5
| SEC

Control Ouipur ¥Yolis (2 ch.)

2 Channel Thickness Dhsplay
Hesolunion

3 Channel Rate Desplay
Resslunon

0o -i0¥ or 1o -5¥

@5 mA. 12 BIT RES

0 io 999.9 KiloAngstiom - Aule Ranged
B4

0 io 959 Angstroms; Sec.

0.1 Angstroms: Sec. @ Rates < (00 A5
1.0 Angstromms, Sec. (2 Bares = 100 A5

2 Chan Power Dasplay

Rare Coateol Resalualion

Analog Recorder Ouipuis
Full Scale Calibration
Resodution

0 fo 9oy

0,1 Angsiroms, See. any Fae

1 Channels Skowing Rate -

0 e + 10V

0.1 Angitroms, Sec. @ Raves < 100 A, 5
1.0 Angitroms Sec. @ Raves = [0 A8

Remone Inpuis
Activation

Relay Curputs
Fatings
Computer [nierfaces

& Fixed & Programmable
Contact Closure ar

1o 40y AC, DO

& Fined & Programmabde
| Ampy |20 Maox.
B5-2320 (Standard)
SECS [l (Standard)

IEEE-4BS {aprional)
Crata Logging R5-232C
OUTPUT INTERFACE

Type of Interince Relay
Mumber of Oustputs 12

Fixed function L

User Programmakdle Ll
Contacl Ratings (M AX)

Voltage 1 1

Current L Amp

V4 Rating L3

laalation 250 Wals

Leakage Correns (60 Hz) | 0.5 mA @ 130V
SENTINEL I 1-2
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INTRODUCTION TO SENTINEL 11l

Type

Mumber af Inputs
Fixzed Function
LUser Fropraomomsable

Optical Isclater
L)

]

]

Adtivation Contact Closgure ar Veltage | Currenl Source
Crperating Ratings
Voliage B to #) YAC (RMSE) or DC
Reference Common Line for all Inputs
lsolacion (Chasss) 1KY
Impedance &M whms
Ieput Threshold 3 Valts
O Cand Supply Ratings {MAX)
Curput Voliage oy nc
Total Current Avwilable 120 mA
Reference Chassis Ground

AUTO CALIBRATION SYSTEM

fdethod Crystal Measurement

Parameier Sei Maizrial Densty
hinterial Z-Fatin
Sysiem Tonling Faotor
Calibration Acouracy

Accuracy (Max) 1% Thickness

Elnpsed Times { Min) 10 Sec

[Max) 9% Minutes
Drvnamic Benge = E0dp
Inttiaticn Autof Manual; External

OPTICAL DETECTION SYSTEM

& Channels 3
Bt hosd Synchronous (5K Hz)
Bandwidth & Hr
Filiering & Pole Camb
Sensriviey {Max) 5 Angsiram, Mana Amp @ [V [nput
Crain Ranges -
Gain Changer Hange =131
Digital Calibraton Fastor 0,504 to 2.500
Calibration Dyramic Hange Bl diby
Phoromuliplier Tvpe Hammamatsy B-L06 UH - Select
Voltage TH0N
Regulation 0.1%

13 SENTINEL I
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INTRODUCTION TO SENTINEL Il

OPTICAL FILTER CHANGER CRYSTAL

Method Electro Mechanleal Total Sensors |

Self Aligning Usage Caltbration or Measuremen
Filver Pogitions (Max) 4 Basze Frequency _ 4 8 Hz .
Swirching Time (Min) 3 Sec b aximum Crystal Shift 1 MHe = 1005, Life

(Max) 12 See pdeasusemend Resoloticn 1 Angstrom; Measurement Interval

Ciperating Yaoltagss Dual Range 50; 60 Hz VA 0 Dengicy = [

(100 1o 1200 & (200 1o 240) | Measrement Interval 250 mS
Filter Dimention O 70 in. Diam. Thickness Accurcy + 1% over mseful life
O perating Distance 5fr. (5d.)

(3C1 1o CHGR) 30 i (waxd

1.2 Specifications for the Sensors

1.2.1 EIES SENSOR/IN VAC CABLE

Figure 1.2 EIES Semsor/In-Vac Cable

GENERAL

Tatal Sensors (Max)
Senditivity ([S+N]} 5=1)

00025 Angstrom | Sec, Cu

I .- simultaneous operation by 1 3CU

(Specified Tesr)
Operating Pressure [Max) Anll Tormr
{Recommended} <2 S 10r® Torr
Filament Life {Typicall 1000 Hra
Material Type Theriaved Iridiam
Stability; Repeatability 13,59 over 100 Hours
Linearity 2 per Decnde

Emission Current
{5%ee Section 610 for instmections
for adjusting emission current. )

4 mA Peak (nomb, 500 [z
2mA Uszr Oplion
i 1% Regulation

Eleciron Energy
Sensor Temperatuge §{ Max)
Materials

Sire -

150 Volis

4500

04 Starnless, lneconel x-730
Tantalum, Alumina Oxide
|94~ long

103 wide

0.8 1 high

SENTINEL In
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MATERIALS

A, Insulotons a) High density aluminum oxide
B. Grid b) Tantalum

. Beamlormer c) Ineamel x-750

D, Filamsent brackeis & pins d) 300 Series stainless steel

E. Filamemt ¢) Thoriated irridicm

F. Balanet of components & fasicners

f1 300 Series sminless steel

ELECTRICAL

A. Power requirement at 4 mA total
emisgion al 180 ¥ acceleration

BE. Electrical Connection

. Efficiency

#) 13 walls maximuanm

b) 2 wire pluggable
&) Minimum of 1.8 mA to coliector for 4.0 mA otal

TEMFERATURE

A, Maximum bakeowl
B, Opcraiing Lemperature in roam
temperatune ambice

a) 450°C conlingous -
by 180° to 2507 C rypical sieady state depending
on distance fram fikament

FEATURES

I. Deposition Cover
2. Emditer Exchangs

b Quaick snap removal for heavy ﬁr.-pn_:i:l.iun uge
2} Requires only cover removal, ebeetrical plag removal and
W00 BETEWE.

EXPECTED OPERATING LIFE
I. Flasment 1} 1000 hours minimem in & high vacuam environment. It is
unknows il some high pressure materizls may poison the
cathade. Operation in Freon and other Halogenated
hydrocarbon environments is not recommended.
2, Deposition Lide 7} Limited onby by build up of marerial on cover. 0.1 inch

typical, depending on the matenials tendency 1o close ihe
material aperiore,

IN-VACLUM CABLE SPECIFICATIONS

MATERIALS

A, Insulators
B, Electrical coniscls

C. Conductors (2 ea.)
[}, Balance af components & Tastensrs

a) Aluminum oxide

b) Be Copper

¢} loga Glidcop A1 15

d} 300 Seriss stainiess stocl

TEMPERATURE

A, Maximum bakeoui

a) 450°C Contimsous

1-5 SENTINEL I
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1.2.2 2% FEEDTHROUGH

Figure 1.3
MATERIALS
A. Insularers a) High densily aluminum oxide 1o metal
B Window hi Oiptical prade sapphine

. Conducrons
[, Vacuum gaskels
E Balance of components & fasieners

£} bigr Copper
di OFHC l:r:ppler
2] 0 Series stamboss slecd

TEMPERATURE

A, Maximum bakeout

#) 4507 C continuous with external electrical and oprical
canneclions removed,

1.2.3 1' FEEDTHROUGH

SENTINEL Il
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MATERIALS

A, Insulators (electrical) &) High dersity aluminum oxide 1o metal
B. Window b} Optical grade quanz

C. Conductors c) légn Copper

. ¥acuum seals d} ¥iton O-Rings

E. Balance of compooents & fasteners

&) 300 Serica staimless stec]

TEMPERATURE

A, Maxmum bakeoul

a) 105*C continonous

124 FIBEROPTIC FEEDTHROUGH

Figure 1.5 Fiberoptic Feedthrough

1-7 SENTINEL I
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1.2.5 STANDARD CRYSTAL SENSOR

Figure 1.6 Standard Crystal Sensor
GENERAL
Maximum 1emperature 185°C
Sire (maximum envelops) 10637 (2. Tom)x . 357 fomix (607 | 3cm) high
Water lene and conx length Standard 3" (T6em]
Crystal exchange Front<loading. s=li~contained package {or eame of exchange,
Mounting Twoa 24-40 tapped holes on the back of the sensor body,
INSTALLATION
A, Feedthrough a] 2 pass water with Microdoet coax coanecior
B, Other by {11 Customer to provide vasuum-tight braze joans o
conmsclors far Lhe water lines.
{2 Osculbanoe [1IPFNO13-001] designed 1o interface with Lhe
XTC, 1C-6000%_ or Sentinel 111 depogition conirollers.
e Warer 150-200 ce | min. 3*C max
MATERIALS
A, Body aad Holder &) 304 wpe stainless srecl
B. Springs B Au plated Be-Cu
C. Water fines g S-3, 1257 X2em) QD

. Comnector {Miccodor)
E. Insulators

d} Stainless sieel, veflom insalated
eh 9% ALLD,

F. Wire f} Teflon msulated copper
{i. Brazs gl Vacaum process high temperaiore Ni-Cr alloy
H. Crysal ) 6.0 MHz, AT-cui plano-conves with Ao overcoat and Cr
adhesion layer
SENTINEL I 1-8
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1.2.6 COMPACT CRYSTAL SENSOR

Figure 1.7 Compact Crystal Sensor

GENERAL

Mazimum temperature
Size (maximum envelope)

108C
1.0637 (2 Temix2. 35 T6emIx L6071 Sem) high

Water line and coax length Standard 30" { Técm)
Crystul exchange Front-loading, seli-conained package for ease of exchange.
Mounting Two #3-40 1apped holes on the back of the sensor body,
INSTALLATION
A, Feeithrough al 2 pass warer with Microdot coax congector
B. Orher b} (1} Customer to provide vacuum-tight brars podats or
connectors for the water lines,
(2} Oiscillaar [TPMN013-000] designed 1o interface with the
XTC, IC-6000%, or Sentinel 111 deposition controliers.,
€} Water 150-200 cc/min, M°C max
MATERIALS
A, Body and Holder a) 304 type stainless sies
B. Springs b} Au plated Be-Cu
iC, Water lines €} 5-30d, L1257 [ 32cm) OD
D. Connector (Microdot) d} Mi plated steel, teflon insulated
E. Insulators £ =90 Al
F. Wire f} Tefion insulated copper
. Braze g Vacuum process high temperature Ni-Cr alloy
H. Crystal h) 6.0 MHz, AT-t1d plano-convex with Au overcost and Cr

adhesion layer

1-9 SENTINEL I
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1.2.7 BAKEABLE CRYSTAL SENSOR

Figure 1.5 Bakeable Crystal Sensor

GENERAL

Maximum temperatane

Size (maximum snvelapel

Water line and coax length
{from face of fesdihrowgh to cemer
or crystal}

450FC continiaus (Tor bake ankby; water (ow recommended (or
acizal deposition momtorng)
L35 03 2omix 1, 3B7(3 Sem 0, 2472 4cm | hagh
a) Standard
(13 307 (Meem) 1PN 007- 0%
(21 207 {50.8em) 1PN 007-208
(31 127 (30, 5cm) IPM Q07-207

Crysial exchange Front=loading, sell-coniained packoge for case of exchange.
CAM 1ype locking handle allows easy removal and good thermal
eaniasl,

Maounting a) Standard - four #d-40 wapped holes on tbe back of the sensor

body
by Opuianal - rght angle bracket
INSTALLATIOM
A, Feadihrough a) 24~ ConFlat, integral with sensor hesd
B. Chher b (1) Cselllator (1PN 013-001 ) desipned 1o interface with the
XTC, IC-t000%, or Sentingl 111 deposition controllers,
(2) Water wnd coax Hees are semd-rigid, bt easily formed
{min. Radius = 147
g} Waker 150-200 o2/ mun, 30°C max (Customer showld praside
means ¢f easily disconnecting the 4 waver lines during
bakeait,
MATERIALS
A. Body and Holder a) 304 1ype stainbess steel
B. Springs b} Molybdenum & Inconel X-750

C. Warer and coax lines
D, Mher mechanical paris
E. Imsulstors

F. Wire

G. Braze
H, Crystal

g} 53, 01257 [ A2cm] O water DIRE . 3em) OD coax

ely 18- or 104 stainkess sizel

e} =990 ALD, m vecuum; other high denslty ceramics used
ele=whers

1 (1) Mi (im vacuum)
{21 M plated Cu felsewhere)

g Vacuum process high tecperatons Ni-Cr alloy

by 6.0 MHEz AT-cut plare-convex with Ao overcoal aind Or
adhesion layver
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1.2.8 SHUTTERED BAKEABLE CRYSTAL SENSOR

GENERAL

Maximum iemperature

Size (maximum envelope)

Water ine and coax lengih
(from fxce of feedihrough to center
ar crysial)

4307 continpous {lor bake only; waterflow recommended far
actiuml depasition manitoring)
1.35° (3 demix 1. 2B 3. Semim, 9470 2 demi high
&) Slandard
(1} 307 (T6em) IPM 007-209
(1) 207 (50.8cm) [PM 0O7-208
(3 127 {30.5cm) [PM 007-207

Crystal exchange Froni-loading, self-coniained package for ease of exchange.
CAM 1ype locking handie allows easy removal and good thermal
Ccomtact,
Mounting a) Standard - four #4-40 tapped hobed on the back of ihe sensor *
body
b) Crpdional - right ngle bracker
INSTALLATION
A. Feedihraugh a) 234" ConFlat, iniegral with sensor hend
B, Crher b (1) Oscaliator [IPM 01 1-00] | designed 1o imerface with the
XTC, IC-6000%, or Sentinel 111 deposition contralbers.
(2} Water and coax lines are semi-rigid, but czsily formed,
<) Water 150-200 ccymim., 30°C max (Customer should provide
means of easily disconnecting the 14" water lines during
bakeout,
MATERIALS
A, Body and Holder a) 304 1ype stainless sieel
B. Springs b Molybdenum & |neonel X-T50

. Water and coax lines
Dy, Ogher mechanical paris
E. Insulators

el S-30d4, 0125 | 32em] OD water 0. 188" (. 5cm) OD coax

d) 18- ar 304 siainiess sieel

el >0 A LD, in vacuum; otber high density ceramics used
elsewhere

F. Wire

. Brazc
H. Crysial

I, Baterials
J. Ehwiver

£y (1) Mi (in vacuum)
(2 Mi plated Cu (ehewhere)

£ Vacuum process high temperature Ni-Cr alloy

kY A0 MHz. AT-cut planc-comves with Au overceat and Cr
adhesion layer

11 60-80 psi operation: 100 psi max

11 Preumatically operated. Swings with piston actbeated cam.
springs returmed. Shutter swings o of way for easy erysial
exchangs.

1-11 SENTINEL HI
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1.2.9 CRYSTAL SENSCH SHUTTER

Figure 1.10 Crystal Sensor Shutter

Temperature 450 C Baksout, M0°C aperation

Matermaks W series sainless sieel
G20 pai operation: 100 psi max

Shutier Preumatically operated. Swings with piston activaced cam,
sprimg returned. Shutter swings oul of way for easy ceyatal
exchange.

Braze Yacuum pracess hi temp

Mi=CR Allay

1.2.10 BIES FILTER SPECIFICATIONS

Figure 1.11 Optical Filter

SENTINEL IN
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GEMERAL

Temperaiure range (storage) =0 C 1o 60°C

Blecking range 180 1o 1000 nm
Blocking valwe less tham 1% 109 absobute
Size 0.700" diameter
STORAGE

1t s recommended that unused filters be stored im their dessicator shipping container.

OPTICAL

Oprical filters are customer fabricated for esch material. The basic design &5 two cavity bandpass generally
msang all diefectric materials, General specifications for each material follow:

Material Wavelength (A1 Bandpass (HPHW) | s
AR 1381 . | 01 1-301
Ml 19461.5 12 03 1-302
Ar 4504 25 Gi1-3%9
Aufld 2678 15 08 [-304
A2y Co 418 15 0 1-304
Cd Ja6l % 0 |-32k
Cr Jols 3 5 gul=317
Cly 2590 pa | 011-337
Cu 12475 20 01 1-308
Er 4008 20 oli-3%
Fe IT20 1] Qf I=306F
Ga 4170 3o 0l [=30&
He £ H 25 0l l-32
Hs BRIl 40 alri-31%
In 450 20 ol [-338
Mn 2798 0 o11-336
Mo 333 0 o [-309
M W4 25 011-340
Mi 13 i5 ol l=310
Oy 1504 0 011-341
PhyTi A537.5 5 0ll-311
Pd 2455 15 01 1=332
Se 40205 | 0Il1-31
Sy 2520 45 Ol =327
Sn 3175 18 al1=314
Ta/Ge 2650 32 oli-338
TilZy a2 ] 01§-33L
T2/ Nb 3582 20 oii-31E
v Jlg£ i6 0ol -39
W 2551 28 0r1-335
Y 4077 .1 Gii-321
Ir/HE 983 15 0i1=-345

1-13 SENTINEL I
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TABLE OF WAVELENGTHS FOR THIN FILM FILTERS SUPPLIED BY INFICON

CHEMICAL
CHEMICAL SYMBOL
Aluminum Al
Argon Ml
Barium Ba
Barium (2) Bl
Horon B
Cadrriurm Cd
Calcium Ca
Carbon Dioxide 20y
Chrormiirm or
Cobal AUEWCa
Coppar Cu
Europlum Er
Gallum Ga
Clarmmanium TG
Gold{1) Ault)
Giondd(2) AU Co
Hafmium frHr
iHalksr i
Ingiurm n
Iron Fa
Larthanum SrmfLa
Lead PR/
Manganess hin
Mohbdanum ho
Hickel B
Hioblum L3NG
HNitrcgen My
Choygen 0Oy
Fallmdium Pd
Platinum Fi
Rhesiurm Ra
S AT Smia
Soandium Se
Slicond ) BilZ
Siver Ag
Strontium ArfSr
Tartallum TaiGe
Tin o0
Tilarium Po'Ti
Tianium(2) TiZ)
Tungstan W
Lramum L2 3NE
Venadum v
Water H,0
Yitrium i i
Zre In
Zrconium ZifHr

SENTINEL I
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1.3 Installation Guide

These instruclions are intended as a guide to sections of the Sentinel Il manual pertinert to inftial
mstaltation. This will enable 3 quick and easy installation without a time consuming search of the manual,
In this context, the Sentined Il theory of operation will not be discussed other than a briel ovarview,

1.3.1 BRIEF OVERVIEW OF SENTINEL Nl OPERATION

The Sentingd Il uses the EIES sensor as its primary sensing technigue. The EIES sensor provides a
relative measure of the deposited material vapor density by inducing an optical emission. The intensity
of this optical signal can then be calibrated to any known reference. Allhough the EIES senscr may be
calibrated to any reference, as a corvenience to our customers we have incorporated Into the Santinel
IIf the abdity to input a Quartz Crystal The Quartz Crystal may be used as an in-situ reference and allows
calibration of the EIES sensor sigral 1o the Cuartz Crystal.

NOTE: Tha Quartz Cryetal sensor and associsied components are an option with the Sentinel Bl
purchase,

1.3.2 INIMAL INSPECTION - Campiete the following steps first.

1. Section 1.4 of the Sentinal Ill manual describes the initial Inspection and Inventory procedure. At this
time please check to ensure there is no damage to the instrument or ite components. Refer to the
parts list In Section 1.4 to be ceain you heve recelved all of the items purchasad.

2 Having completed the inventory procedure, confinue to Sections 1.5 through 1.7.
Sect, 1.5:  Lists the lema needed to turn the unit on for initial power up.
Sect. 1.68: Explaing how to set up the Sendinel il Operator's console for Ihe proper line voltage.

Sect. 1.7.  Describes how to power up the unit to verify proper operation. On initlal power up it is
recommended Io reset the Sentined Il memary 1o the standard factory sel conditions.
Da this by following the 4 steps fisted at the end of Section 1.7.

This completes the Inltial inspection procedure. You are now ready to proceed with the installation of the
EIES Sensor.

1.3.3 EIES SENSOR INSTALLATION

This is the most cruclal step 1o a successiul Sentinel Il Instaliation. Reler o Figure 5.7 for a blow-up
drawing of the EfES sensor,

1-15 SENTINEL NI
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DETERMINE EXACT LOCATION

At this time you must determine the exact locatlon where the EIES sensor is 1o be placed. Sestion 3.1
desoribes the correct placement of the EIES sensor relative to the source, Reer to figures 3.1 and 3.2
and the diagram at the back of this guide.

HOTE: E is imperative that during deposition material Tl s abie bo pass Ehrough the EIES sersor.
DO NOT MASK the EIES sensce opening by placing & behind clbstructions:

NOTE: ¥ you have & Rigid Feecdthrough Package (IPN 753-002-G4 or T53-002-G5) thets must ba
& direct ine of sighl between the EIES seneoe and feschihrough, If you have one of the
Fiber-Dptic Fesckhrough Packages you must not band the fiedble housing in less than a 4
rachuz, cthersize the fiber wil break.

a MOUNTING EIES SENSOR - RIGID FEEDTHROUGHS

Once the localion of the EIES sensor s determined: If you have a rigid fesdihrough, refer 1o Section 3.2,
If you have a fiber-optic feed-throwgh, refer to Step "b" below.

NOTE: We sugges! you da not bok the Feedthrousgh 1o yowr chambar until recommeancded 1o oo o
i this procecure. .

Section 3.2.1 of this manual describes mounting the sensor, Aftar having mounted the EIES sensor,
determine the length betwaan the inside lace of the lesdthrough and the EIES sensar. Cut the 172
diamater stainless steal lube to the appropriate length. This ks your ight pipe. The fight pipe wil fit inside
the slotted lube edending from the Rigid Feedthrough and into the slotted ube on the EIES sensar.

Seclion 3.2.2 detalls how to assemble the In-Vacuum cable. Figure 3.7 illustrales the assembly of the
cable. Use the “cutting chart® to defermine the lkangth of tems 2 and 4. The total length of the in-Yacuum
cable is the length bebwean the inside face of the lesdihrough and the EIES sensor connector pins, After
assembling the In-Vacuum Cable, use an chmmaeter o check elecirical continuity for each wire. Also
check that the wires are elecirically isolated from each other and each wire is isolated from the connectorn
body.

Part "b® of Section 3.2.2 describes the use of the quartz Bght guida, This is an aplional plece of equipment
which is nol sold by Inficon. Figure 3.6 i a guideine drawing lor the Tabricstion of a light guide and is
provided lor customes reference.

Onee you have verifisd that the In-Vacuem Cable is properly assembled, connect the cable fo the
Feadthrough and bolt the Feedihrough lo the chamber. Install the Eght pipe inta the feedtfwough and
into the EIES zensor and mount the EIES sensor securaly, using the clamps provided,
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b, MOUNTING EIES SENSOR - FIBER-OPTIC FEEDTHROUGHS

H you hawve a Fiber-optic Feedthrough refer o Section 3.2.3. The In-Vacuum cable is already assembied
lor the Fioer-optic Feedthvough Package.

1.3.4 INSTALLATION OF THE OPTIOMAL SHUTTERED CRYSTAL SEMNSOR

As slated previously, the Quartz Crystal is an option which provides an in-stu reference to which the
EBIES sensor can be calibrated. Reler fo Section 3.2.4 lor inslallston imstructions, Seclion 5.1.3 ako
disclsses shuller mamlanance,

Thizs completes the in-vacuum portion of the installation. M your process allows, an aluminum 1ol wrap
anpund the in-vacuum components can aid subsequent cleaning of the components. Care must ba
taken to avold covering the opening of the EIES sensaor, or shorting electrical connections.

1.3.56 INSTALLATION OF THE SENSOR CONTROL UNIT AND PHOTOMULTIPLIER TUSE

Reter to Section 3.5 for conasiderations for Grounding the Sentined lll. Sections 3.3.1 through 3.3.3 detail
considerations: for the location and instaliation of the Sensor Control Uni (SCU) and Photormultiplier Tube
(PMT). Be certain that you have the correct oplical fiter in the PMT housing prior to placing the PMT onto
the Feedthrough. The Sensor Power Cable (IPN 753-011-G5) Is connected from J11 on tha SCU to the
Sensor Feedihrough Cable (PN 016-394-G1) which In turn s connectad to the two ping on the EIES
Sensor leedthrough.

NOTE: On the SCU, Sensor drive 2 ls the primary output for sensor power, i you are diiving iwe
EES sensors refer to Saction 2.2.2. Also connect the PMT high votage cable, PN 753010
G5, 1o JT on the SCL and the PMT signal cable, IPN T53-009-65, to J4 [Channel 1) on the
SCU. Finally, connect the control cable, 1PN 753-205-330, from J3 on the SCU to tha SCU
Interasce connection on the SCU CTL board at the rear of the Sentinel il

1.3.6 INSTALLING CPTIONS

Refer lo Section 3.4 for informalion conceming the instalation of options such as Double-Ended Sensor
Adapter, Bearn Spiitter, Filter Changer, and IEEE-488.

1.3.7 PROGRAMMING THE SENTINEL NI

Alter compieting the installation of the EIES Sensor, Sensor Control Unit and the Operator's Conscle,
you are now ready lo begin programming the Santined 1L

a. Conned the manual source power confrol cable, IPH 008-016, Io the back of the Sentingl Il
Operator's Console. The connector is located on the Deposition Control board at the back of the
unit. Also cannect the sourca conlrol voltage cable. This cable, IPN 753-020-G35 s connectad from
the "CH.1 CTL® cutpuld at the rear of the unit to the source power supply input.
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b. Tum the Sentinel Bl on. Il you have not reset the Sentinel Nl memory to the standard laclory set
conditions as described in Section 1.7, do s0 now.

g, Allhe battom right of the video display will appear an "emission’ massage. Do not tum he emission
to the EIES sensor on unless your vacuum chamber is iower than 5.010°% torr, Press the RESET
button on the front of the Operator's Console, If your chamber is at the proper pressure, turn the
emission on by preasing the button [abeted "EMES" on the fromt of the console. If the elctronics
cannol regulate the emission of the EIES sensor, an "emission error* message will appear al the lop
right of the video display. i this message appears, check for electrical confinuity and isolation of the
EIES sensor and In-Vacuum Cable as described in Section 1.3.3. If the emésslon current Is reguiated

property, the message will not appear,

d. 1 you do nat have a Cuartz Crystal instaled on your system, skip to paragraph "e." below. I you
hene 2 Cuartz Crystal sensor (optional) instaled in your system, connect the oscillator cable Lo e
input on the Deposltion Control Board, then to the crystal oscillator. Next, connect the cable from
the crystal oscillaior to the BMNC connmector on the cryatal leedihrough. This cable should be as short
a5 possible,

The purpoas of the lollowing steps is a rough calibration of the EIES sensor o the Quarts Crystal
Thiz will be accompizshed by making Channed 2 a Crysisl channal to manitor the actual fu (ie.,
accepts Crystal Information and not EIES information) while concurrently making Charnel 1 an EIES
channel to monitor the refstive e,

To do this, go to Manu 4, the Executive Menu. (Press "MENLP, then "4"). The only parameter lo
change is the XTAL DISABLED parametar. Change this by mowing the cursor nto the appropriate
position and press "0 than "E". (E = enler). Cursor movemnent ks accomplished via the four amows
located on the front panel. This will change the XTAL DISABLED parameter from YES o NO.

Mext, change the density and z-ratic parametars in the film menu. Do this by going to Menu 2, (Press
"MEMNLF, then "Z). The cursor posiion is now at the FILM # parameter, Change the FILM # parameter
from 1 1o 2. (Press "27, then "E"), Move tha cursor to the DENSITY parameter and enler the density
for the material you wish lo deposi, slao enter the Z-RATIO value. Fineally, move the cursor to the
XTAL MEAS parameter at the bottom of the right column of the Film menu. Change this parameter
from MO to YES. (Press *1*, then *E7). Go back to the FILM # parameter and change the film number
from 2 te 1 and enter into Film 1 the appropriale densty and z-ralio values. Enler only the density
and z-rafio values, do not change the XTAL parameder on Film 1 a5 was done on Film 2. You wish
to keep Fiim 1 an EIES channel. Now return 1o the MENU display,

. Press "1" lor the DATA display,

NOTE: Ba certain you have the signel cable from the PAMT input into chennal 1 on the SCLU

Press the MAM 1 bulion Lo place the uni inte the MANUAL phase, turn on your evaporalion scurce

power suppdy, and increase the power level to the source using the Manual Source Power Controles
Lt the comact deposition rate |2 resched,
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Ceetermine this rate by either the power level ol your power supply (knowing from previcus experience
the power level al which you normally run your process), the refersnce you nomally use, o the
Quartz Crystal i you have one in your system. As stated previously, the EIES sersor provides a
relative measure of the flux which can be calibrated to a reference. The EIES sensor is not calbwated
at this time and therelore the displayed rate is not accurale, Now, knowing apprcdmately the rate
being deposiled, you can roughly callbrate the EIES sensor by adjusting the PMT RANGE parameler
in FILM 1. Holding Ihe power level constant, go to the FILM 1 menu and adjust the PMT RANGE
value frorm B downward, by increments of 1, until the rate displayed by the EIES senscr approadmatedy
matches the rate al which you are depositing. Press MENU 2 1o go to the FILM LIPDATE menu. in
FILM 1 entar the rale you wish (o deposi at the parameter RATE BGM. Also enfer into the FINL
THCK, parameter a value of 100.0 kA. Entering a large final thickness will allow the unit to remain In
Ihe DEPOUSIT phase while caibration and controf loop adjustments are made. The fine calibration is
dane by adiusting the PMT CALIB parameter, This is accomplished via the procedure cutlined in
seclion 4.3 ol the manual, or § you have a CQuartz Cryatal in your systern simply press the Manual
button again to place the instrument into the DEPOSIT phase and press CAL 1. The instrument wil
calibrate aulomatically. The setfing of the control loop paramaters is describad in Section 2.6.4,

This completes the initial installation and starup procedure, For more detailed information concarming
programiming the instrument and theory of operation, read Sections 2 and 4 of the Sentinel Il manual,

1.4 Unpacking, Initial Inspection And Invemory
1.4.1 UNPACKING AND INSPECTION PROCEDURES
1. It you haven't removed the Sentinel Il from its shipping containers, do so now,

2. Carefully examine the unit for damage thal may have occurred during shipping. Thig is especially
Imporant I you notice signs of obvious rough handiing on the outside of the cartons. REPORT ANY
DAMAGE TO THE CARRIER AND TO INFICON MMEDIATELY.

3. DO NOT discard any packing materials until you have taken inventory and completed the check
procedures.
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1.4.2 INVENTORY

Make sure you have recetved all of the necesaary equipment by checking the contents of the shipping
contaliners with the paris list below,

PARTS LISTING

Oty Part 1PN &
CONTEOLLER BACKAGE
Sentinel IIl One Materal System 783-000-G1Nae 1
(1) Sentined Corirol Lisit TR-003-G1
(1) Sensar Control Unit 753-200-G1
(1) Ship Kit TEI-D04-GE1
(1} Manusl Ord =087
(1) Filter {chooss maberial from table on page 1-13) 01123

or
(17 GM200 Monochramabor 011219
Sentinal ||| Two Material System 753.002.GoNote 2
{1y Sentnel Contro! Unk 753-003.G1
(1Y Sensor Control Unk TH3-200-G1
(1) Shipklt 7H3-004-G1
(1) Manus CiF 4087
{1}  Beam Splar 1 6-204-031
121 Fiter [chooss materisd irom tahiles on paga 1-13) 011500

aradior
2 GM200 Manochromato: 011-2149
OPTICAL FEEDTHROLGH PACKAGES
Figid 1* Fesdthrough Package 753-002-G4
(1] 1" Bok Feedthrough 016-204-G2
(1] Sersor EIES Standand 01 6-400-G2
{1] Sensor Power Cable T53011-E6
(1]  InVasuum Cable Kit 50F 164063
Sigicd 2 75" Feedihicugh Package 753-002-G5
(1) 275 Feedthrough 016-204-G2
(1] Sensor EIES Slancard 0 G-400-52
(1) Bensor Power Cahls 753011-55
(1]  In‘Vacuum Cabile ¥t 60 01 6-405-G1
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PARATS LISTING

Gty Pant

OPTICAL FEEDTHROUGH PACKAGES (cont'd)
Fiber-Optic 1" Feacthrough Package 15°

(1} Assy, 1" Fiber-Optic Feedthrough 15
(1) Sensor EIES Standard

(1} Sensor Powar Cable

(1 In-Vacwsn Cable Assy 15'

Fior-Opdic 1* Feedthrough 30"

(1  Assy, 1" Fiber-Optic Feadthrough 300
(1) Sensor EIES Standard

(17 Sensor Power Cable

(1] In-Vacuumn Cabse Kit 37

Fiber-Optic 1" Feedthrough 45

(1)  MAssy, 1" Fiber-Dptic Feadthrough 45°
(1] Sensor BIES Standard

(1] Sensor Power Cable

(1)  InVecuum Cabis Kit 45'

Fibar-Optie 2.75' Fesdihrough Package 15"

(1)  Assy, 275 FibwerOptic Fescthrough 15°
{1} Senscr EIES Standard

{1} Sormcr Power Cable

(1) InVacuun Cabls Assy 15

Fibar-Optie 2.75" Fesdthrough Package 300

{1} Assy, 275 Finer-Optic Fescihwough 3
{1} Semser EIES Stancierd

(1} Semsor Power Cabla

(1) InVacuun Cable Assy 30°

Fiber-Oplic 2. 75 Feadihreugh Package 45"

(1)  Assy, 275 Fibes-Optic Feadihrough 45°
(1]  Sensor EIES Standard

(1) Seneor Powar Cable

(1 InVacuum Cable Asay 45°

IPH #

753-002-G6

ME-370-G15
01 6-400-032
78301105
6-237-G15

TE00E-GT

O6-370-G30
O B-400-G2
763-011-G5
016-237-330

TE3-00E-58

N E-T0-G45
01 G-a00-G32
75301165
O E-237-G45

TE3002-011

016-244-315
01640002
75301165
016-237-316

783-002-12

016444330
016-400-32
75301185
016-237G30

7530024513

D1E-444-G45
016-400-G2
TE3011-G5
D16-237 545
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1.5 Initial Check Procedures

HOTE: Prict io perlarming the Initiel Check Procedure you should check the Inventory of your
sysiem b0 be sure that you heve received all of the components which were crdared with
ke Inatroment. For the infial Chack Procedure you wil need cnly the instrument and the
power cord. Do not connect any other cables or devices fo the unit for this check

1.6 Correct Operating Voltage

Befora you connect the power cord, check the line voRtage selector card which is part of the power cord
socket at the rear of te unil To check this connaction remowe the power cord from the rear of the unit,

glide the protective cover to the left, and pull the tab marked "FUSE" out 1o swing the fuse holder open
(zee Figure 1.12).

Figura 1,12 Fuae Tab
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B

I the recuired voltage i not showing on the small cireult card, it must be changed prior 1o pOWer up.
Use needle nose pliers to remove the card. Select the required voltage (lrom the lour veltages marked
on the card) and reinsert the card with the proper voliage sekection on Lhe lefl side Tacing upward (see
Figure 1,13).

Figure 1,13 Clrcult Card

Chack the fine fuge & ihis time, On 100 or 120 volf units it should be 1.5 ame; on 220 and 240 Yol units
It showld be 0.75 amp. Swing the fuseholder back into place, slide the protective cover to the fight and
plug the Ene power cord into the back of the unit. Make sure that the power switch is OFF (extended
oubward) and plug the power cord Into an outlet of appropriate vollage,

WARNING!!!
VOLTAGES MAY EXIST IN REAR PANEL CONNECTORS. DO NOT
TOUCH THE EXPOSED CONNECTORS WHEN POWER IS CONNECTED
TO THE INSTRUMENT.

NOTE: Swich 1 on the Cenfiguration Selactor Swilch sets the CRT line frequency. The *OFF
poation sets frecraency to 60 Hz, The "ON' pestion sals frecuency to 50 Hz. The instrument
miust be turned off and then beck on 1o reset the fregueency (see Figure 7.3 for locsation of
the Configuration Selecior Switch], Switches 2 and 3 are defined In the Communications
section of this manual and swilches 4, B, and & are nof usad,
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1.7 Initial Display

Tum the power on by pressing the POWER button, The indicator light will lluminate and, in approximatety
fifteen seconds, a display will appesar on the CRT. Figure 1.14 shows the cormect inftial displeay.

NOTE: Tha stabermiant "STOP wil be fashing on the screen. This message B defined on pege 2.58
anvd ehvld be disreganded for now.,

The words "PROGRAM LOSS" which appear on the screen indicate the loss of previows film programs
glored in the Sentinel Bl memory,

Assuming the initial display check was sucoessiul, the instrument i ready for installalion. Refer to Section
3 for information concerming instalation of the sensing system,

o
|
L
y

-~ DfTh

= FILA UPDATE

= HOHITOR UPDATE
- EXECUTIUE
COHHUHICATLOMS
- EXTERMAL 1+0

- ITHTERHAL Is0

= OUTPUT TREODLE

- IHFUT TABLE

K VERSIOH @ ‘/
S SN

Figure 1,14 - Infial Display
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Il the indicator light does not Bght or the display does not appear, check your power outlet and the main
fuse on the rear of tha unit. If the indicator light comes on but the MENL! display does nat appear, contact
Inficon Customar Service,

To reset the Sentinel Il memory to standard lactosy sel condilions, perform the following steps:
1. Turm off the Instrumsnt powsr,

2. Press and hold the RESET button,

3. Tum on the power while holding the RESET button.

4, After the MENU display appears, releass the RESET button.
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2.0 EQUIPMENT AND OPERATION DESCRIPTIONS

2.1 Rear Panel Component Descripliona

Refer 1o Figure 2.1 for location of the Rear Panel Components discusesd on the following pages.

|

&
i

oi.
|l|'EI RELAY VIDED CPU ] SCUCTL ;

— J. =_I
POWER MODULE

roE-sEafs "
rirstaE
il

= o &

T firem

] 1

R e

= o o
e o :E :
o
|
[
s -
s
Ll e e

[
|

Figure 21 Resr Pansl Componants

2.1.1 POWER MODULE

The Powser Module allows selsction of optional voltages along with the system fuse holder and ne cord
connector. For directions on vollage selection and fuse replacement refer to Section 1 of this manual.

\ :.'::'.1,_ ST _|::::=
| boodp = _-_T_'_::::::.

0 T
ESsE=zosLJdEa
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2.1.2 50U CTL MODULE

The SCLU CTL (Sensor Conltrel Unit Control Module) provides the interface betwean the Sentine! N
Operator's Console and the SCU. Also provided by this module is the Analog Recorder signal which
enables a shrip chart copy of the Analog dala,

a  ANALOG RECORDER Connection - provickes an analog output of O to 10V for a sirip chart recorder
This ks wselul for hard copies of the analog rate signal.
The AMALDG RECORDER connector pin designations are as follows:

Functlan Pin
CHAM 1 1
CHAN 2 2
AAOINITOR 3
around B-14

b. SCU NTERFACE Connection - provdes the interface betwaen the Sentinel Il Operator's Console
and tha SCU. The cable provided connects the two componanis.

1 B
1 26
A A .
Y/ E T
A G 5 E
L 0 G R
A 0 u F
) E A
G R C
7 14 25 E s0
Figure 2.3 Analog Recorder Connactor Figure 2.4 SCU Interface Connector

21.3 CPUMODULE
The CPU Module provides bwo connactions for the B3-232 Interface for the Sentinel Hl, They are;

a.  HS-Z32 MAIN Connection - provides 3 means of eleciranic commurication with the Sentinel lll. Using
suitable equipment, as describad in Section 7, the Sentinel Il can be operated fom a remole
loczation, without operator imtenvantion, and can be Integrated (nlo computer controlled instrumenta-
Lion systems. Data from the Sentinesd Hl can also be acquired, manipulated, and stored Dy computer
eauipment.
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FS-232 MAIN Connector pin designations are as fofows:

Em-qm-l-wmg

Functlon
Tranemit date; cats sent from Sendine 11

Aecaive date; data recehed by Sentinel i

Hequest o sand; cutput logic low when Ssntinel Ii's recaiver ks emgty
Clear to sand; input low 1o Sentinel Il enables tranamities

Signal ground; common babween weer snd Sentinel I

Datla carrier detect. input low ta Sentingl ||| enables recever

Deta Terminal ready; output logic low when Santinel 1l is lumed an

b. AS-232 AUX Connector - provides an oulput for the ransfer of data to a seral prirter for data logging

purposes.,
1 14 1 14
Y 8 A
¥ .
2 N 3 X
13 26 13 25
Flgure 28 RS-232 MAIN Connector Figure 26 RS-232 AUX Connecior

AS-232 AUX Connector pin designations are as follows:

H"-lr.n-h:l-;

Functian

Tranemit dale; data sant fram Sentined 1

Llear 10 send, input low to Serdinel 1l enabias ransmitter

Signal ground; common between user and Santinal [l

Data Terminal ready; cutput iogic low whan Sentinel Il is turned on

21.4 VIDEC MODULE

Tha VIDEOD connector ks a BNG type (see Figure 2.7) which provides a composite video 1.5 volt signal.
You can use this cutput 1o operate a video monitor al a remote location. To operale a monfor, connect a
75 ohm coax cable babwean the VIDED connector on the Sentingl lll rear panel and the Video input
connecion on your mondor,
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2.1.5 DEP CTL MODULE

The DEF CTL Module provides an interface with the system to be controlied.

A  XTAL OSC Connector - Input connector (BNG) for Inficon oscillator IPN 013-001. See Figure 2.7.

b. CH.1 CTL/CH.2 CTL Connectors (see Figure 2.7) - Provide outputs of O to =10 volts DC to control
the source power. This outpul vollage may be changed by removal of one or both umpers on the

Depasition Contro! Board. With the jumnpers in place, cutput valtage Is 0 to -0V, jumpers removed
produca 0 to -5V outpul. Jumper J1 changes Channel 2, Jumper J2 changes Channel 1.

Figure 27 BMC Type Conneclor

c. MANUAL POWER - Accepts the standard Inficon hand-held source power controller, When con-
nacted, the controlier provides remote control of scurce power when the instrument is in KMANLAL
moda, The controder iz a three salection switch, All positions ane momentary and Wil ratum o rest
whaen released, Pushing the SWITCH laft or right causes the oulput control voltage to increase o
decrease. Pressing the switch downweard causes the Senlinel Il to STOP (same as pressing front
panal STOP button). (See Figure 2.8)

0 O
0 O

Figure 2.8 Manual Power Connector
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The MANUAL POWER Connector (Figure 2.8) pin designations are as foliows:
Function Pin

Increase
Decressn
Ground

=4 B G

21.8 O RELAY MODULE CONFIGURATION

The VO RELAY configuration module provides the ahilty to remolely activate the Sentinel Il front panel
cantrol functions. This gives a user the abdity to use a Sentinel Il In conjunction with a hardware inlerface
i & hands-off mode of operation. The user s provided with optically isolated inputs, each having a direct
command function. The inpuls are operated with ether AC or DC voltage within the range 8 to 40 volls
RMS. The lollowing list gives the available controls:

1. START 7. USER1*

2. §ToP B USER2*

3. RESET 9. USER3*

4, CALIB CH1 10, LISER 4*

5. CALIBCH? 11. USER 5*

6. INTERLOCK 12. USER 6* (see Fig. 2.11 for related pin connections)

*Lizer prograrnmabile. Ses Section 2.3.8 lor detadys,

If putsed input commands are used, the pulse duration must be greater than .3 secands, Al inpuds are
eading edge detecled and therefore may remain active untl their function Is again desired: they then
st be turned off for a minimum of .3 seconds before being reactivated. All inpul lines share & commsn
Isolated reference Input. This line is nomally connected to the commeon side of the wser's "CONTROL®
power supphy. i rruenﬁnalpwww.me}swailable,aMWhDSpnwﬂtsuucalawmdudath‘mm
RELAY madule input connector J2. This power source should only be used to operate the Input relays
on the VO RELAY module, and not as a power source for any other system needs. The common refarence
inpat liné must be connected to GROUND i the internal power source s to be used. The contact closures
used o activate the remote Input lines are normalky resldent in the user's elecironics syatem. A schemnatic
is shown in Figura 2.12 for both types of remmabe input supply wining.

INPUT LINE SPECIFICATIONS:

OPERATING AANGE: 810 40 Volts AC (AMS) ¢ DC
REFEAENCE: Comman input ne
ISOLATION: 1 KV Maximum

INPUT MPEDANCE:; B20 Ohms

INPFUT THRESHOLD: 3 Voita
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ON CARD POWER SOURCE SPECIFICATION:

DUTPUT VOLTAGE: 10 Vaks DO
QUTPUT CURREMT: 120 mA M
AEFERENCE: Chassis Ground

NOTE: The amissicon irderock [lbed input number B or army user lbput coded *177) 2 a contimucus
inpidt and not edge tigoered. Emission will be held off as long as this input iz present and
will e funmad on 2 saconds after thiz input ls removed. Othee  continucus inputs nclude:
HTAL FAIL INHIBIT, usar code *23%; SOAK HOLD CHANT, usar code "24%; and SOAK HOLD
CHAM 2, user code "25°. All other inputs are adge friggerad.

Relay Outputs 1
= CONTACTS FUNCTION
g 027 STATUS
1 19 10,28 s1ap
28 NTL SHTR
11,20 CH1 SHTR
725 CHZ BHTR
12,30 END PAOG
- _ B34 USER 1
i 13,1 LISER 2
] 20 ke 122 LSER 3
(=] 523 LUSER 4
16,32 LEEA §
1233 LEERE
REAR VIEW - J1
Relay Inputa J2
— COMTRCT | FUMCTIONS
13 START
14 SToP
1 FEEET
16 CaL| CH1
18 CALR CHZ
18 INTERLOCE
18 LEER 4
20 LISEH 2
n LSER 3
2 LIEER 4
23 LSER &
=7 § LIEER &
1D INPLIT CORMON LINE
3458 POWER BOUACE GAND
1 +10YVOLT S00IRGE
REAR VIEW - J2

Figure 2.9 /O Relay Connector Designations
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ISOLATED J2
CONTACTS
INPUT

o0 [
INPUT 5

o 0——18! |NPUT 4
3

2

1

= o

—'G"'"E!——-J "‘F“T
o0 18} wpuT
oo 15] wpur

_ % 24 VAC
R sE_ @300 mA

ISOLATION
TRANSFORMER

101 comMMON

1. External Power Supphy

ISOLATED
CONTACTS

— o o0—18 \npuT 4
o o0——1T| |npuT 3
L o o0——15] inpUT 2

—— C 151 \npuT 1

o M - ¥
~19} common
|3
1

J2

GROUND

+10V PWR.
SOURCE

2. Internal Power Supply

Figure 2,10 Typical Remote Input Wiring Techniques
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2.1.7 IEEE MODULE (Qptional)

The [EEE Module provides the IEEE-488 connector
for parallel computer interfacing, This module s
optional.

a |EEE-488 Conneclor (Flgure 2.11) - provides
standard connection for IEEE communications.

0 T il e T P

Figure 2.11 |EEE-388 Connector

b, DATA 1 0 Switches {Figure 2.12) - Provide
comenient device address sefting and selec-
tiars of the type of communications that ara to paars
be used. Swilches marked DEV ADDH are .
used to set the address of the Sentinel I EE
Addraas ranga iz 0-30 and in binary code, E g
HEEE

Flgure 2.12 Data 1 0 Switches

21.8 GROUND

Tha GROUND stud (Figure 2.13) provides easy
acoass o interconnecting ground siraps with the
system and assoclated components. See Sect. 3.5,

Figure 213 Ground Stud
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2.2 Sensor Control Unit (SCU) Deecription (Figures 2,14 & 2.15)

=]

]

= J3

s CONSOLE
=

=

( )

< INTERFACE
=]

=]

=

Figure 2.14 Sensor Control Unt - Front Panel / Console Intedface Conneclor

J10 J'I1

:-_:' JT JB Jg ~
2 ©0® =
- -
HEGH VOLTAGE E-EHS-DFI DHHI'E =
— s voL =] I_ _I
g FILTER CHANGER 2 FELTER CHAMGER 1
oL o o[

AAARA
®

Figure 215 Sensor Control Unkt - Rear Panel
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221 HIGH VOLTAGE PMT CONNECTORS (Figure 2.18)

Figure .18 High Voltage PMT Conneciors

Thess BNC type conneciors supply -To0 VDO for the Photomutipliars,

22.2 SENSOR DRIVE 1 and 2 CONNECTORS (Figwe 2.17)

o
O 0
o

Figure 21T Sensor Drive 1 and 2 Connectors

These 4-pin connectors provide + 180 V chopped sensor BIAS and high cument flament power to the

respective sensars,

Swilch 52 on the AE Sensor Regulator Board® must be changed to operate hwo sensors simuitarsoushy.
Instruments are sel o operate one sensor when they are shipped. Switch setting is as obows:

Bwitch 51 Pasition Function
OFF Disatdns SENSOA DRVE 1; SENSOR
CHRIVE 2 must be usad,
oM Both SENSOA DRANVES oparata.

*San Saction 8,10 lor inslfuctions an adusting the lewal of emission,
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223 FILTER CHANGER 1 and 2 CONNECTORS (Optional) (Figure 2.18)

o[ o

Figure 218 Filter Changer 1 and 2 Connectors

These 9-pin connectors provide contral interface between the SCU and the respective Fiter Changer
madules.

2.2.4 CHAN 1 and 2 CONNECTORS (Figure 2.19)

Fligure 2158 CHAN 1 and 2 Connectors

These BNC type conneclors provide signal input connection far the channel 1 and 2 PMEs, respectively.

225 MONIT CONNECTOR (Figure 2.18)

This BNC lype connector provides signal Input connection for the Monilor PMT.

22§ CONSOLE INTERFACE CONNECTOR (See Figure 2.14)

This connector provides the interface between the Sentinel il and [he SCU Module.
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2.3 Keyboard, Display, and Parameter Descriptions

The Fromt Panel descriptions provide Information on all button functions and display formats. Read the
following few pages to make yoursell famiar with the Sentinal [l contrals and indicators.

2.3.1 KEYBOARD DESCRIPTIONS

The Keyboard descriptions ghven below associals button names with functions. Refer to Figure 2.20 for
their localions. Some buttons have dual funclions, When these buttons are discussed, the primary
description ks given first, foliowed by the secandary function and method of activation.

e

(7 ~N)
[rmﬂ‘ [:Enn MENU tr] [e] o] [0
[a'rm-‘ lll.ﬂll EAL | [ s] [ c
[4111 [lml 2| [eare) [ o E 3 g

3
(+=] cumsor [—
EMIS L+]
- _ )

Figure 2.20 Sentinel Il Keyboard

START This function operates ditferenty depending on the status of the instrument at the tima START is
pregsed. If there are chanmels in READY [aher a resel) a start wil start the lims in those channels, IF
the system is In STOP, & star will continue with the film{s] thet wes in process when the STOP
otoumed. All thickntss will be retained. A any other ime, a START will start the next lim in the
process. i the last fin of 8 process is aclive, 8 START wil be igrored, (Thal &, a rew prociss cannct
begin before the prenvdous one ended.)

STOP Thiss Buttan is used to immediately placs the svstem inthe STOP mode. When pressed, af processing
shaps and source powens are sef to zara: STOP flastes an the CAT, and all thichmass and phass tme
irformation is frozen,
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RESET When prossed during a STOP, this function resets the procass to the first Simi(s), This pus the first
iimig) of the process to the AEADY phase, Pressing RESET during a process has no effect on the
instrurment,

ZEAD Thiz bution is used o manualy rero the accumulated thickness in bath channets.

MAN 1 Thia button sefects manual power contral i channel is not in IDLE. When sslected, the CRT display
will chsplay the MANLUAL mesaage, the phase ks set to manual deposi, and the assoclated shutter e
ppen. The instrumant is refurmed Io euomatic when the button s pressed B second time. Lipon
rebamning 1o automatic the instrument is e2t In the deposit phase of the active fim. MAN 1 and MAN 2
are iIndependent. ¥ MAN 2 wag OM when MAN 1 s selecied, channel 2 wil iImmediately go to deposit.

MAHN 2 Oparsles as MAN 1 above,

MENU This bfton salects ths MEMNU display mode from which other displays are chosen, Meny salection ie
secomplshed by pressing the numeric key comasponding to the desired cespley.

CAL1 Whan pressed, CAL 1 Intiates the automatic cryetel calibration of Channel #1. I the essociated
eaurce & not in the deposh moda, the selection i ignored. if XTAL DISABLED i sat inthe EXECUTIVE
display mode, this eslection wil give a CAL ERR message

CAL 2 Operates as CAL 1 above.

0 thru 9 Thuese keys are used lor entering numerical data. The place value is hefd by the traliing 2eros, therslore
ma checimal poing is used.

c This button is used to clear date entry errors. Cleared data is repleced with st valid data in memorny,
In all giring entries (10 or PROCESS) this funchion wil clead frem cursor o the end of the string, It will
recall this kst vk daba in memory § the cursor = al the end of & atring.

E Thia bution iz used to erter displayed program data inba mamaory. I an Biegal entry s ettermpted, emor
is indicated by the appearance of the ENTRY ERROR warning message. This Euflon also stops cursor
position automaticaly on legal eniries.

t (B The cursor Up bution iz used to move the cunesor up through the display for the purpose of data endry,
The Amparsand function is anabled in the Internal and External YO displeye and is used to signify the
logical AND, Also In the process celnitions, the ampensand indicates co-deposiion

¥ (#) The curesor Down button ig used to move the cursar down through the display for the purpose of data
antry. The Plus function is enabied in the Internal and External V0 displays and ks used 1o signify the
lngleal O Also In the process definiion the plus signifies a final thickniess overfice.

-— The cursar Laft buttan i used to move the cursor left through the display lor the purpese of data
entry. In a string display, R moves the cursar to the ke through the siring.

e The curscr Right bution ks used to move the cursar right through the dispéay for the purpose of data
entry. in & string displey, I moves the cursor to the right through the string

POWER This buitan is used o apply power 1o the instrument; & grean LED indicates power i on.
EMIS Thie bution provides front panel contrel of sensor Emisslons reguiation and PMT power supplios,
Whien alf, the EMISSION waming message appears on the bottom line of the CHT displey.
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232 MENU DISPLAY (Figure 2.21)

To access this display, press the MENU key on the instrument front panel. This display appears
automalically whan the instrument powea is set 1o ON. The MEMU display lists all of the available displays
and Iheir comesponding salection number.

( HEHU
SEHTIHEL 111

- DATA
= FILA UFPDATE

= HOHITOR UPDATE
= EXECUTIVUE
CORMUMICAT IONS
- EMTEENAL Is0

- IHTEEHAL [/

= OUTFUT TABLE

W @ N & W e W Mo
I

= IHPFUT TaABLE

\ UERSION @ /

Figure 2.21 Manu Display

System stafus and warning messages may also appasr on this display.

o exit this display, make a aelection from the available choices and press the associated numeric Key.
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2.3.3 DATA DISPLAY (Figure 2.22)

SECTION 2
OPERATING THE SENTINEL Il

To access this display, press the MENL key on the nstrument front paned and press the number (1) key.

Thig is the maln operating display for the Sentinel [, This display mode provides all pertinent information
lor the process being performed, as wall as system atatus and warming mesaages,

7

N

DATA
CHAH i
RATE aA/S _ﬂ
FOMER X (5] E
THICK Kn 2.678 2.669
PHASE = E & D " = E @ DYy
TIHE 3:98 4:02
FILH 1 )
TIRE 386 432
+16
-1 —jﬂ
DWELL 18 OWELL 1@
Fi 1&2
—
RUH # 1 HOMIT 1 Ads

.8

/

Figure 2.22 DATA Display

The DATA display provides a continuous representation of RATE, THICKNESS, POWER, PHASE, PHASE
TIME, and Rate Desdation for each active channel,

RUM #! % XTAL LIFE, and the MONITOR CHANNEL RATE are Indicated at the bollom of the display.
The active PROCESS # and the process definition are akso indicated.

The range of the Rate Deviation analog display may be prograrmmed in this display by moving the cursor
ter the top deviation kabel and entering a new numeric value.

2-15
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Enter either & 1, 2, of 4 numerke dig, and the display wil now correspond to either 10, 20, or 40
Angstroms full scale. Any other numerica entered will be rejected as an enfry error,

The DWELL time of the analog display can also be programmed by moving the cursor to the DWELL
paramedes location and by enfering & numerc from 1 to 98, The DWELL numbers correspond to the
number of 0.125 second measurement intervals plotted per horizontal pesition update. There are 68
data points plofted before a retrace occurs,

it PROCESS 3 has been selected as the ACTIVE PROCESS in the EXECUTIVE display, its definition can
be updated in the DATA display. The sequence may be abered and defined In the same manner as
PROCESS 1 and 2 in tha EXECUTIVE desplay, except that no FINAL THICKNESS OVERRIDES may be
programmed. if can be changed only al the end of a process of during a REALY phase.

2.3.4 FILM UPDATE DISPLAY (Figure 2.23)

o aceess this display, press the MENLU key on the instrument front panel and preas the number (2) key.
This display allows you to anter fim related operaling paramaeter data and channel selection. Parameters
neadad for rate calibration, crystal contral functions, and cross channel interference ratios are antered in

this dispilay mode. All information necessary to program a complste film deposition is accessible through
this display.

/ FILH &R \

CHAMHEL # 1 En;t g:ég 1g
SOAK PHRI a % .
RISE TIMI1 :@@ Mg R POWER sz
S0AK TIMi .88 M5 ;mr I@:Ln]:-g :BHE
SOAK PHEZ a : :
RISE TIHZ pams FILTER & a
S0AK TIHZ 88 M- HSEMS CHP 8%
RATE ECH @ arg HSENS NMOH 8 %
Rl 857 pewer e
RATE HEM 8 A5 TooLIwc 180 %
SETP RAMP  @@e ks [oULIHE g
TIME RAHP Aa s Eo- TumLEf i
FIML THCK 808 KA

SETP THCK .oapka CHFL TPHWR - YES
SETP TI1HR .aa Mg STOP MPHR HO
5 ! bl S5HUT OLY

HO
IOLE PHR & auTo Cal Hi
IDLE RTIH @E H:S HTAL HEARS H

Flgura 223 Film Updsie Diaplxy
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The following chart provides paramater entry imis and funclional information:

FILM # Sedacte film program lo be vewed
DATA RANGE 1 THRL & {Filrr)
CHAMMEL # Sefocts the operating channel the Bm program wil cordrol. This paramater meay only be
upciated at the and of a process o in & AEADY phase,
DATA RANGE: 1 0A 2 (channal)
PREDEPOSITION CYCLE CONTROLS
SOAK PWR1 A programmable power level generaly weed to precondiion & new material mel,
DATA RANGE: 00 THALI &5
LIkTS: %
RISE TIME1 A progremmable fime nberval which sels the dwaticn of the SOURCE POWER Increass
from 0% to 1he achisvermant of SOAK PWRT.
DATA RAMGE: 0000 THALS 95:58
UNTS MINSEC
SOAK TIMA A programmisble lirme irenal which sets the time the BEOURCE POWER remaing of SOAK
PR,
DATA RAMGE: 00:00 THRLI 83:59
LINITS: hMSEC
SOAK PWRZ A programmable power level which s selected 1o produce a deposition rate cioss to Auto
Caonirel Hate.
DATA RANGE: 00 THAU 29
LIMITS: %
RISE TIM2 A programmable trme interval from the end of S0AK TIM1 to the SOAK PIWFZ levil
DATA RANGE: 00:00 THRL) 89:58
LINITS: MIMEEC
SOAK TIM2 A prograrmmabie tima imerval which ssle the fims durstion SOURCE POWER remains at
SOAK PIWRZ
CATA RANGE: Q0:00 THAL 268
UMITE: MIN-EEC
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RATE GROUP

RATE BGM

RATIO

RATE RAMP GROUP

RATE MEW

SETP RAMP

ME RAMP

Sats rabe confrol relerence value o be astabished with onset of depostion, Also deter-
mines the RATE DISPLAY resclution, > 10048 = 1A <100 A5 = 0.1 A,

DATA RAMGE: 000.0 THAU 8099
LUNTS: AsEr,

When sat above 0, cordrals the FILM &t the programmed % of the aclual RATE of the
otter channal rather than af RATE BGM.

DATA FANGE OTHRU 585.9
UNITS: =

Maww 1 vilue 1o be establishad during depasition cycle. A rate enual to AATE BGMN wil
disable the RATE RAMP funclion,

DATA RANGE: D000 THRU 999.9
LINITS: ABEC

Accumuiated Thickness valum al which to begin the RATE RAMP CYCLE,

DATA RAMIGE: 0,000 THRLU 299.9
LNITS: KLO B

Length of timea to establish RATE MEW from the presert deposition rale with & inear raie
ramp. A prograrmimed viakes of 00:00 wil disable the AATE RAMP function.

DATA RANGE: 00 D0 THAL 88:53
LINITS MIM:SEC

DEPOSITION CYCLE SETPOINT GROUP

FINL THICHK

SENTINEL Il

The acoumnulated thickness a1 which the depost phase ends and source shutber closes.
Tolal thickress is relerenced from the lasl zern thickness command

DATA RANGE: 0,000 THRU 500.9
LINITS: Ko A

An intermediate deposit cycle setpoint, An cutpul can be el when this thickness &
raached,

DATA FANGE 0,000 THRU 255,48
UNITS; KILO A
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ZETP TIMR A selpont based on elapsed film execution tme, An culput can be =88 when tis Bne ie
raachad
CATA FAMNGE: 0000 THRLY 99548
LIMITS: MIMN:SED
FOST DEROSITION SETPOINT GROUP
IDLE PWR A patsmeter which malraine SOURCE POWER & the programmed level between depo-

efions. |f IDLE PWR is sed 1o a non-zaro value, the Sentinal Il wil enber FISE TIM2 phase
when START 8 preesed, uniess & STOP is enoountered. ¥ sat 1o & value of zero, RISE
TIM1 phase wil be entered on the next START command,

CATA AMMIEE- 00 THRLU &8
LINITE: W
IDLE RTIM A paramater which allows a controliad linear change in POWER from the deposiion power
lerve] b the DLE PWH levvel.
DATA RANGE: 0000 THRL 55:59
LINITS: MIN:SEC

SOURCE OUTPUT CONTROL GROUP

CHTL GAIN A functicn which changes the source cutput valtags in praportion to the emcr batwesn the
actual rate and the rate sel point. At the programmed sefting of 10, the source woitage
shanges af the rete of appradmately 1% per second for an error of 1A x per secand,

DATA AAMGE: 00 THAL 85
LINITS: ROME
CHTL DAMP Used to minimize overshoct duing rate contral acquisition, when the souwce requres a

conzideratle lengih of time to reach the RATE ast poird, Without CHTL DAMP action, the
thermal inertia of the eveperation source may causs the rate to increase above the st
point. The higher the setting, the more anticiation is added to the contre system,

DATA RANGE: (0 THRL) 55
LINITS: MHOME
MAX POWER A progremmabile sot point which sets the masdmum allowsd relatie power
DATA RAMNGE, 00 THRU 93
LIMITS: %
OPTICAL SENSITVITY CONTROLS
PMT RANGE A programmable function that sets the preamplifier gain range in muliples of 3.3, (See
Section 6.9 for axact gains.)
DATA RAMGE: 1THAU &
LIMITS: WNOME
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PMT CALIB A progremmabie Inear methematicsl digkal scaler used to fne adjust the preamplifies
aignal gain.
DATA RAMGE: 0.500 THRU 2.500
LINITS: MCINE
FILTER # The posilon nurmber of the optical bandpass fiter [nstalled in the oplional filler seitchers

unk) necessary ko operate the programmied fim and charnel, A value of 0 programmed
will disable the FILTER CHAMNGE functicn. Filter Changer 1 cutput on the optional Fiter
Changar Board cormesponds to the Film program oparating Channel 1,

DATA RAMGE: OTHRU 4
LINITS: HORNE

CROSS CHANNEL OPTICAL INTERFERENCE CONTROLS

NSENS CH# Mustiber wil meflect tha chasnal number not selected by this filme This linear parameder
provices & means of subtracting owt & percentage of the interference data produced by
the second control channel,

DATA FaMGE: 00.0 THAL &85
LINITE: %

KSEMNS MOM Thiss lirmar pararste provides a means of subtracting out & percentags of the interference

data praduced by the BMONTOR channel,
DATA RANGE: Q0 THRU 29.9
LIMITS: %

AUTOMATIC CALIBRATION SYSTEM CONTROLS

DENSITY Thia value refers to the deraity of the eveporated material and s used ntermaly 10 cormet
trve messured s 1o a thickness value. Ses Section 4 and Persgraph 4 2.2 for additianal
information.

DATA RAMGE: 080 THRU 5538
UMITE: G0

Z-RATIO A programmable reference value which & determined by the elaslic properies ol the
maberial being evaporated, Ths value B ysed to match the acouslic propeties of the lilm
o quanz for estended acourste messwred ranges, See Section 4 and Paragraph 4 2 2,

DATA RAMGE: 0200 THRU 3.803
LBNITS: MOME
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TOOLING & programmable constont which comects the thickness and rate for the geomedric differ-
ence bebwean the placement of crystal sensors and the substrale localion, See Section 4
for more informetion
DATA RANGE! 10 THAL 333
LINITS: %
CAL ACRCY This reders 1o the % cf deviation that the optical eacing may be from the XTAL resding o
conchude calforalion
DATAAANGE: 1 THAUS3
LINITS: %
CAL INTVL The tima interval batwean automalic calbration cydes after the intkal euo calibration al
the beginning of the depostion oycie.
DATA RANGE: 000 THALI 833
LINITS: MINUTES
USER OPTION SWITCH GROLIP

YES/MO FUNCTION INDICATORS. DATA ENTRY (1 = YES, 0 = NO)

CMPL TPWH Enables the "COMPLETE ON TIME POWER mode of deposition completion i a sansor
Taiure oocuns,
STOP MPWR Enables tha systam “STOP® functicn i the deposiiion powesr regquined (o maimain rabe

control exceeds the MAY POWER sefpoint for a confiruous time of 5 seoands,

SHUT DLY Enables a defayed systemn shuliter opaning where it is desiralbla to eslabdsh rate control
before expoging substrates to the source. Shutler apens when rabe is within 5% of setpaint

AUTO CAL Enables suto cefbration funciion with onset of deposition oycfe. Does not affect auto
calioration from front panel or remote commands.

XTAL MEAS Enabdas & fiim program to be completely executed using the crystal measurament sysiem
&= the date measurament source.
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2.3.5 MONITOR UPDATE DISPLAY (Figure 2.24)

To access this display, press the MENU key on the instrument front panel and press the number (3) key,

/ HOXITOR \

FHAT RAHGE
FAT CALIB i1.88
KSEHTS CHI1
RSENS CH2

oo
2

he .

Figure 2.24 Monitor Display

The MONITOR display enablas the user 1o progeam the thind optical measurement channel operating
parameters, This channel B uwed lor monitoning puposes ongy. However, the data measured via this
channel can be utilized for cross channel interferance rejection in the controlling channe! signal process-
Ing.

The operating parameaters and lunction descriptions fof this display mode are given in the Toflowing list:

PMT RAMGE A pregrammabile junction thal sels the phetamulipher presmpiiiisr gain range. increasing
numbers reige the gain by apprcsmelely 3.3 per numoer. (Bes Section 6.9 for exact
ratioe.}

DATA RANGE: 1 THRLI &
LIMITE: MNONE
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PMT CALIB A linear mathernatical digial scalar on the optical signal gain

DATA RANGE:  0.500 THRU 2,500
LMITS: MNOME

XSENS CH1 Thie ineer pararmeter provides a means of subtracting out & percentage of the interenence
data produced by chenmel 1,

DATA RAMNGE: 0.0 THRL 252
UMNITS: %

XSENS CHZ This linear perarreter pravides & means of subtrecting out & percentage of the Federence
data produced by channal 2,

DATA RANGE: OO0THRU BSS
LINITS: '

2.3.6 EXECUTVE DISPLAY (Figure 2.25)

o access this display, press Ihe MENU key on the instrument front paned and press the numbes (4) key,

f EXECUTIVE \
LOCE CODE [NIFINS

ACTIVE PROCESS i
POSITION TO START 1
EUH HUHBER 1
ATal DISABLED YES
TEST 0OH H

TEET TIHE COHPRESSED HO

FPROCE®SS oOEF I H 1 TI1IOH

Fi 1&2
Fo 1+1
F= IF ACTIVE EMTER IM DATA DISPLAY

FIHAL THICEHESS OQUERRIDES

P1_| =
@ @88 = @66 8 @es 5 a8
1. .888 & @en 1. 888 &  @e9
2. wea 7. 888 2 @add 7.  @8a
3. .88 B 808 3 e8a a
4. eea 3 .BaEe 4. .B@d 9.

@)

Figura 228 Executhe Display
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The EXECUTIVE display mode s used to determine the process definition of the instrument, Funchions
avaiable In the EXECUTIVE display mode and parameter limils are given below:

LOCK CODE This parameter & used to "LOCK! the mast importent programmable parametens in fhe
system ko prevent access by pensons nol krvwing the code. This paramster is discussad
in cdedall in Paragraph 2.7.4.

The following parameters may be updated only &t the end of process of when in the READY Phase:
ACTIVE PROCESS, POSITION TO START, XTAL DISABLED, TEST ON, P1 o P2,

ACTIVE PROCESS  This parameser seiecis the process sequence (o be exscuted by the instrument. Process
1 & 2 are defined on the EXECUTIVE display and PAOCESS 3 is dafined on tha OATA

display.
DATA RANGE: 1 THRU 3
LINITS:; MOME

POSITION TO START This parameter selects the firm posltion within the defined process that wil be the first film
{or films # codeposiiad) executed. Numbaring starts af the left sicie of the dsplay. Each
fikm af & eodeposition & counlad as a postion.

DATA RANGE: 1 THRU 32
LINITS: HONE

RUN NUMBER SET  This paramater intigizes the irternal process counter. This counter may be used for dats
logging puposes by the user. The counter s incremented by 1 whenever a process
begins. The ALIN NUMBER & indicated on the DATA diplay.

CATA RAMGE: 0000 THRU 9983
LINITE: MONE

XTaL DISABLED This parameter & a ewlch function that s used o disable all acthities and displays
meaciated with the crystal measurerment system. A numeric 1 sets yes and a rumeric 0

sets no.
DATA RAMGE: aTHARU 1
UNITS: HOMNE
TEST ON Thiz perameter i@ a gwich function in that & iz used to enable a "TEST MODE® sigral

residant within the instrument to be uillzed as a means for verilying proper iratrument
aticn. A aurnere 1 2ets yee and 8 numenc 0 sels no. A TEST message is indicated
on the DWTA display when this function (s active. Al Emission functions are disabled.

TEST TIME

COMPRESSED if get to YES whan TEST ON is sel to YES, will compress fime by a fector of 10,
DATA RANGE, O THRUA
LINITS: MONE
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P11 [FROCESS 1) Thiz parameder siring aliows the user fo specly the sequence in which specific fim
programs will ba executed, The sk availabie film programs are apecified oy number and
miy be aranged in any order aithar individually o in a co-depasiion mode by insering
tha & symbol {up arrow key) between the desired film nurrbens, The lim seouense will be
exgcited in order from keft to ight with successive START commands. Film programs with
the & symibal betwean thearm wil be stared smutansoushy with the: final thickness of the
first lim number specilied determining the termination ponl.

The FiNAL THICKRESS pararmeter sef in the specilied fim programs may be ovarridden
by inchuding & + symbol (down arrow key) and & numeris valse from O to 3 folowing the
film number to be aliered, A new FIMAL THICKMESS value must be entesed in the FIRAL
THICKMEES OVERRIDE TABLE for the desired PROCESS af the lacation epecified by the

numaric ertered In the sequense delinticn, The data stored In the lilm programs remars
ke,

NOTE: A saquence definillon mey be edied by moving the cursor to the desired ocation via the
left &nd right arrow keye and typing over the approprate data. Pressing the "CLEAR® key
with The cursor at the end ofthe sequence wil restone the presiousty delined seqguance ta
the screen Pressing tha “CLEAR" key with the cursor at any location other than the end wil
delete all charadiers from the curser location 1o the end, ncluding the cheracter af tha
cursor Incation,

A maximum of 32 characters inchuding film mumbers and symbols may be epeciied in a

process definflon,
DATA RAMGE:  FILM NLIMBERS = 1 THRU &
CVERRIDE TABLE
HUMEBERS = 0 THRU A
SMBOLS = & AND +

P2 (PROCESS 2) idantical to P1 (PROCESS 1)

THICKMNESS
OVERRIDE TABLES Each OVERRIDE corresponds ba a number that may be used in P1 or P2 sher the + sign.

If a THICKNESS OVERRIDE has been prograrmmed in a process, (he OVERRDE will ba
used as final thickness nstead of the final thickmess programmed in the fim. These tables

wil nol appear on the EXECUTVE display uriess a thickness override has been pro-
grammed in F1 or P2, 1 Table par process (1 & 2)

DATA RANGE: 0.000 THAL 999.9
UMNETS: Ko &
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237 COMMUNICATIONS DISPLAY (Figure 2.26)

To access this display, press the MENL key on the instrument front paned and press the number (3) key.

/ COMMUNICATIONS \

AUE PORT DATA LOCCIHG IR

MAIW COMM CONFIGURED RS-232
MBIH COMM ORIGIMATE Ml

o /

Figure 2.28 Communications Display

This display is usad Io indicate the type of communications configured in the Sentinel systern. They are
IEEE-488, RS-232, or SECS communications. This display also indicales any user massages sent 1o the
umnit when configurad for the SECS protocal,

The salection of communications s done via switch settings on the CPU Board. The foliowing tabie
indicates swilch canfigurations for communication selections:

1 = OnClosed 0 = CHOpen

| ag Commisnicalion

i 1 BECS

1 0 S22

1] 1 IEEE-488 (musi hawva IEEE-484 inberface board in unil,
Wdﬂumﬁﬁ-ﬂﬂ

4] [+] FS-23
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In R5-232 operation, an automalic formatbed datalog dump may be enabled. When enabled, the dump
will occur al the completion of a protess cycle and wil be output via the AuxEary senvice port. A remote
message operation is avakable in SECS which makes it possible for the operator 2t a remote terminal bo
send a dieplay message io the Sentinel Il dieplay screen. This 36 ASCIH character message is for
information use only and will appear above the data partion of the COMMUMNICATIONS display.

DEVICE ID SECS parameters uzad 1o identdy the squipmant

DaTA RANGE: 0 THAL 32,767
LIMITS: HOME

RETRY COUNT SECS parameder used to sof the number of times the Sentinal wil iy 1o complee &
message ransfer after ihe first failure to complate.

DATA RANGE: O THRU 31
LINITS: MHOME

RECEIVE TIMEQUT SECS parameter used to throw away the present command if the tmeout betwesn
character neception iz excesded

DATA RANGE: 00,1 THRL 10.0
UNITS: SECONDS

FROTOCOL TIMEDUT SECS parameter used to set tha madmum time for a hest samputer 1o acospt a message
gent by the Senting balore the message will be sart again by the Sentine,

DATA RANGE: 002 THRW 25.0
UNITS: SECONDS

AUX PORT
DATA LOGGING A ewitch parameter for the automatic dumg of the process detelog system through Hhe
Aupcdiany AE-232 port upon process completion,

DATA RANGE: 1=YESN=MND
LINTS: NOME
MAIN CORM
CORIGINATE A, switch paramater for autc esnd of *STOP* and "PROCESS DONE', and "PROCESS
STARTELD" coces,

The IEEE-488 Address is determined by switch settings on the IEEE Board,
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2.3.8 EXTEANAL VO DISPLAY (Figure 2.27)

To access this display, press the MENU key on the instrument front panel and press the number (6) key.

/ EXTERNAL 1/0 \

IHPUT FUHCTIOHS

IXED USEE CODES
START [ |

- STOPF
EESET
CARLIEB CHI
CALIEB CHZ
INTERLDCE

QUTFUT FUMCTIOHNS

I A ol G P 5T
Pl B0

-

FI<ED ITTFE USEE CODES TYFE
L, ESTATUS 2 HC v [E]
2. BTOF 1 HO g a
3, ¥TL SHTR 1 HO = a
4. CHI SHTR 1 HO 1@ %)
5. CHZ SHTE 1 HO 11, %)
K &, EHO PROC 1 HO 12 5] /

Figure 227 External /O Display

This display i used (o define a set of six input and six oulput functions for control of specific remaote
relay operations. A sef of sk dedicated input and cutput functions and thelr names Is also presented on
the diaplay. The VO parameters may only be updated at the end of a process or whan in the READY
phase.

Programimabbe Input Functions

There are sk (6) avallable oplically sclated input Bnes that may be assigned varlous functions by the
uger. The paricular funclion or combination of functions will be determined by the 2 digit FLINCTICN ID
CODEE assignad to the input Ine. Multiple functions may be assigned o one ingut line by including the
& {(AND) logic symbal in the definition string between 1D CODES, The + (OR) logic symbol s not legal in
input string definitions.
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To change & definition move the cursor to the desired location with the leftright amow keys and tvpe
over the desired data, The previously stored definiion may be recalled by placing the curser at the end
af the siring and pressing the "CLEAR' key. Prassing the "CLEAR® key with the cursor at any location
other than the end will erase the string from the cursor location to the end. When a delinition has bean
complete [t must be entered into memory via the "ENTER" key. The definition syntax will be checked and
an ENTRY ERAOR will be indicaled for an incorrect definition.

All input lines are In a normally non-activated state and become active with a remote contact closure of

applied polential depending on the wiring schame.

Use these lor the INPUT FUNCTIONS USER CODES (7 through 12).

10
11
12
13
14
15
16
17

18
18

o

24
25

FUNCTION

Start

Stop

Fomsen

Zero Thicknesa 1
Lero Thickness 2
iCakteate Channed 1
Calbrate Channs 2
Emizelon interlock

Tum Ermigsion CF
Tumn Emission On

Final Thicknesas Trigger

= &1 Chanmeds

Firal Thickness Trigger

= Chaneasl 1

Final Thickness Trigger

= Channel 2
Crystal Fail inhibit
Soak Held Chanmal 1
Seoak Hold Chanral 2
Sat Process 1 Active
Sl Process 2 Active
Set Process 3 Active

INPUTS

Same as START key on front panel,

Same ag STOP key an front panel.

aame as FESET key on front pamal.
Wil cio zere thickness on Channel 1.

Wil do 2eve thickress on Channel 2,
Bame az CAL key on front pansl,

Same ag TALZ key on front panel,

Whaen set, will turn emizsion off, snd ot alloer
emission 10 be wumed on. When reset, wil
dielery 2 ssconcs, than burn emissian on,

Wl turm emission olf.

Wil tum emission on

AL chanmnels will edt deposi,
Channel 1 will exl deposd,

Channat 2 will exit depost.

See Section 27.7

When set, channel will remein in Scak Time
2 it irgput reset.

Wil make this the reed active process (il proc-
eas ia runming, ths input will have no effect)
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Programmable OUTPUT FUNCTIONS

There are sb (6) available output relay contacts that may be programmed for a specific response function
by the user. The particular response or combination of responaes will be determined by the 2 digit codes
made up of the group identifier digits (x) and the subsat identifier digits (y) along with the logic symbols
& (AND) and + {OF). Logic symbols may ba miked within & particuar definition however the definition
will be Interpreted as if an inclusive bracket were included around all codes Imvolving the & [(AND)
functions. A madmum of four (4) function codes may be includad in any single definition.

Editing Iz perfarmed in the same mannes as in the INPUT FUNCTIONS above.

The contact action to take place when the cutput definition becomes "TRUE" may also be specified. This
s done by entering the CONTACT TYPE code (z) following the output definition slring. Five oulpul lypes
may ba specified: 1 equals normally apen (MO) and the contact will close when true. 2 equals normally
closed (NC) and will open when true. 3 equals pulsad closed (PC) and will be normally open and pulse
closed for one second when frue. 4 equals pulsed open (PO) and will be normally cloged and will puise
open for one second when trus,

5 equals Computer Contralied {CM) normally open and operation will be conltrolied via computer interface.

The contact type code O (ZERQ) will disabile the relay deiniion and will leave the contact in a normally
open (NO) condition. '

Use these codes for the CUTPUT FUNCTIONS USER CODES (7 through 12)

swﬂqmru 8- (Flim/Phase uﬂw - (Outputs)

0 AmyFim = 0 Famp 1 - Fim in Fee Time 1 phass.

1 Fim1 - 1 Soak 1 - Film In Soak Tims 1 phase,

2 Fim2 - 2 Ratip 2 - Fim in Rike Time 2 phase

3 Fim3 - 3 Soak 2 - Film in Scak Time 2 phase.

4 Film 4 - 4 Bhestter Dalay - Fim in Shutter Delay phase.

5 Fim5 - ] Fate Famp - Fim in Aate Aamo phassa,

8 Fime - B ez Harmg - Fim in lche Rarmp phass,
7 Calibrate « Fitm in Calibration,
B Setpoint Thickness - Film's thickness exceeds satpoint thickness:
| Tirner Cormplete - The Total time a fim has been acthe axroats

pedpoint timer.
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Group

T - Endpoint:

& - Shuster

Lol S R R =]

[F= R |

Ly

{Flim/Phase Group) - (Outputs)

Ay film
Firm
Flim 2
Fitn 3
Flim 4
Fiim &
Film &

Process 1
Process 2
Process 3

Ay Channe! Deposit
Channel 1 Deposit
Channed 2 Deposh

Ary Channel Crysal

Channel 1 Crystal
Channed 2 Cryatal

Erd Arny Process

Process 1 Aciiva
Process 2 Aclive
Process 3 Aot

Filbar Error

Crystal Ful
Tirre Powor

Calbration Error

belent Power

Slatus

Shutter Error

Film has finished. Cutput will remain scthe untd
ancther fim starts in the same channal.

Process has fnshed, Dutpot will remain sctive
unki ancther process starts.

Channal g in depoet, rate ramp, of manual
phase - shutter open.

Channel is unning with cryatal, and ia in deposit,
fabe rarmp, of el phese,

Ary process has inshed (seo abave).

Process in progrees.

Eystemn in *STOP*. & *START command will begin
B M DIDSESE,

Tried o change a fiker when fiter changer not
irtaliad or maiunctioning,

Crystal has lalad whils cretsl snssed
Siystern |s rumning in Time Powes

Calibration attempied, but not successiuly
compiatad,

A channed s unning at madmum power.

Power fallure, no emission I needed, no crystal if
nesded, interlock input set.

Desirad rate not reached within 60 sacomds,
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Usea these codes for OUTPUT relay contact TYPE.

[Fa]

0 Rty Mot |isad

1 - Nermally Open NOY
2 - Normally Closed {NC)
3 . Puless Opsn (1 ssc) POy
4 Pulses Closed (1 sac)  [FC)
& Cremiputer cantrolked (M)

Refer to Figura 2.9 lor assaciated Input/Cutput pin information.

2.3.9 INTERMNAL VO DISPLAY (Figure 2.28)

To access this display, press the MENU key on the ingtrurment front panel and press the numibern (7] ey,

4 D

INTERNAL 10
EUVEHTS RESULTS
LOUTPUT > I'vPE CIHFUT 3
1. . 5]
2 5]
k 5]
4 L)
=] L)
& 5]
W a8
=] o)

\- /

Figure 228 Internal 1O Display
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Thia display provides the user with a means of linking the programmable INPUT and OUTPUT functions
togather withoul using the hardware inferface connections. In this display up to eight (8) specific outlput
kagical dedinitions may be individually assigred o esght (8) specific inpul logica! defindions,

The programming method and codes for this display are exactly the same as the EXTERMAL VO DISPLAY
method and the same rudes apply with one exception. In this display the PULSED COMNTAGCT and
COMMUNICATION CONTROL TYPES are not allowed.

These parameters may only be updated at Ihe end of process or when in the READY phase. If the
contact type i NC(T), when the QUTPLUT CEFINITION becomes true, the INPLT DEFIMITION becomes
activated, If the contact typa i NC(2), when the QOUTPUT DEFINMON becomes laie, the INPUT
DEFINITION will be activated. This system provides the userwith great system versatility with no handware

Lsage.

2310 OUTPUT TABLE DISPLAY (Figure 2.20)

To access this display, presa the MENL key on the nstrument front panel and press the number () key.

/et TheLE

FEAMF 1
SO0RE 1
EfAMF 2
S0RK 2
SHUT DLY
RATE REHF
I0LE RHF
CALIBREAT
THCEMESS
TIHMER

SHUT -
TER
GROUP

FILM
FILH
FILH
FILM
FILn
FILH
FROC
FROC
PROC

~
W00 =3 LN e G i D [0 ] O ) Py )

God ) ot G LT o ] I e

AadY FILn |9

STAT =
k=
CROUF

00 =3 L e ) B D |l D O O e el s

~

AaHY DEF
CHAH 1 DEP
CHAN 2 DEFP
AaRY KTL
CHAH 1 XTL
CHAH 2 HTL
EHD FROC
PROC 1 ACT
FROC 2 ACT
PROC 3 ACT
STOP
EEADY
FILTER ERE
ETL Frall
TIAE POWER
CAL EREOR
mAax POWER

STATUS
SHUT ERROR /

Figure 2.20 Outpul Table Display
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This display provides a Est of avallable QUTPUT FUNCTION USER CODES lor use with the INTERMAL
YO and EXTERNAL VO Displays. Use this display for refarence only.

23.11 INPUT TABLE DISPLAY (Figure 2.30)

To access this display, press the MENLU key on the instrument frond panel and press the number (3] key.

/ INPUT TRBLE \

18 START
i1i STOP
Z RESET
ZERD THICKHESS |
ZERD THICKHESS 2
CALIBRATE CHAH 1
CALIBRATE CHAH <

EH1S510H IHTERLOCEK
ERISSI0ON OFF
ERNIS=I0M OH

FIHAL THICEHE
FIHAL THICKEHE
FIHAL THICEHE
23 H¥TAaL FAll IHHI
Z4 50aK HOLD CHAH 1
25 S0k HOLD CHaAM 2

Z6 PROLCESS 1 ACTIUVE
27 PROCESS Z ACTIVE
28 PROCES:S 3 ACTIUVE

Figure 230 Input Table Display

5
S
5

s e e e e
e @ D001 L& is

o hy

g
=
a5
&

This display provides a list of available INFUT TABLE USER CDDES for use with tha INTERNAL 1O and
EXTERNAL VO Displays. Use this display for reference only.
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2.4 Process Description
2.4.1 ALUMNING A FROCESS

Ta fun a process, set up a process string in the EXECUTIVE display. The ACTIVE PROCESS will indicate
whilch process will be run,

Assuming that the Sentinel Il is in STOP the following steps will run a process:
1. Press RESET. This will put the first fim(s) to the READY phase.
2, Preas START. This will start any fiim that had been in READY.

3. Pressing START again will start the next film In the processing atring. Note that il a START is done
while another film is running In the same channe! &s the fim to be started, a CHANNEL CONFLICT
message will appear, and the process will STOP.

4, If, for any reason, a STOP ocours while a process is in progress, the process can be continuad
where [t left off. This iz done by prassing START (nstead of RESET) while in STOP. | this i done,
the fims that were running wil start again, from RISE 1. However, the thickness accumulation will
not be zeroed on the stan of deposit.

2.4.2 CO-DEPOSITION

Two films can be executed simultanecusly on the two channels by placing them in a process string
connected by an & When a START is done, both channels will start, Both channels will continue
controlling urdll the firsl fim (the one to the left of the &) reaches its final thicknesa. At that point, both
fiims will terminate. i the final thickness of the second film Is reached before the first one, the second
filrn will terminate, but the first one will confinue untll | reaches its final thickness.

2.5 Phase Descriptiona
251 OWERVIEW OF PHASES

To operate the Sentinel lll as a fm thickness/rate controller L s necesaary to program film sequence
parameters. A film sequence begins with a START command and ends when the fim in process reaches
the idle phase. Any process conbrol that ocours between these events is determined by the values
programmed in the possible parameters, A film sequence consists of many possible phases, with a
phase being defined as one process evenl. These phases are described below: See Figure 2.31.
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FRLTER
ELAY

FREDEPOSITIIN FHASES
L

SHUTTER

TIME
FOWER

DELAY

__,./Qn\\ YES

= (F FREVIOUE
FiLl
Nl

SCRS0E FAIL

—————
SENBOR FRIL

FHASES

NEFOSITION

RATE AAMF

ZEAD
THICKNESS

MANLAL

Figure 231 Phase Diagram

FikAL THICK
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HNOTE: This STOP phase - A souron shutlers diosed, sensof shubier closed; Instrument will accept
a STAAT or RESET, Al source powers ab zero; the operating display = frozen:

In the sequential mods of operation, either channel may be sequencing through the above phases as
described. In the alloy mode of operation, both channels are In use simultanealssly. It is unneceasany bo
start both channeds simultanscusly, although this may be done. (See Section 2.3.6 for P1 dedinition.) A
stad command will be executed even i one channe! ks operating provided the next sequential fim calis
far the non-active sournce.

2.5.2 SHUTTER DELAY

Shutter Dalay s used to establish rate conlrol before expasing the substrates ta the evaporant. The
sensor musl be exposed o the source during the Shutter Deday phase for this to be accomplished,
Shutter delay is accessed by setting the shutter delay parameter in the film display to YES, The control
loop aftempls to establish rate confral at the end of the pre-deposition fim phases. The source shuther
opening is delayed for a period of ime lo insure stable rale control. When rate cantrol has been
estahlished, the shutter opens, tha accumulated thicknass is zeroed, and the substrales are immediaiety
exposed 1o an evaporant that is under light rate control. With proper adustiment of the conlrol ioop
parameters, the delay lme can be kept 1o a minimum. I the Sentinel [l s unable to estabBsh rate contral
in 60 seconds the shufter emor relay on the O RELAY Module will close.

253 RATE RAMPING

a. Programming Rate Ramp

The Sentinel 1l im program includes a means 1o change the rate during the deposition phase, || may be
used to generate a precise linear variation in the evaporation rate. These rate ramp programs operate
during the deposit phase of the 1im sequence, and are Inffiated when the programmed SETPOINT RAMP
is reachad. The rate ramp phase will continue for the programmed duration af the ramg, or until the Final
Thickness sel paind of the fiim program is reached,

An addilional Rate Ramp may be dore by zercing the thickness and resstting the NEW RATE. The
deposition will continue 1o be confrolied at the previous MNEYW RATE unlif the SETPOINT RAMP iz reached.
The rate ramp will then be done as betane, ramping from the previous NEW RATE 1o the currant NEW
RATE.

It the: rate ramp phase lerminates before reaching Final Thickness, the Sentine] il will returm to the Deposit
phase, The slope of a rale ramp is determined by the Iolowing equation: changs in rate per second =
{MEW RATE - previows conbrol rate) divided by ramp time. If a ramp parameter i changed during a
ramgp, the new slope will be calculated, taking into consideration the time the ramp has already besn in
process. Rale ramps are dizabled by sefting RATE RAMP TIME 1o 00:00 or by salting NEW RATE equal
to RATE BGM.
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b. Rate Ramp 1o Zero Rale

i B somelimes desirable to ramp (o 2ero reta for phasing purposes, and also o complete the fim
processing as if the Final Thickness had been achieved, Therefore, whien a NEW RATE value of 00.0 is
achived, the fiim program will proceed as i the Final Thickness limit had been reached.

2.5.4 COMPLETE ON TME-POWER

The Sentinel 1l has the ability to complete a deposition normally if & sensor faile during the deposit phase,
Depending on the parameter satting, the Santinel Il will either complete on TIME-POWER (1), OR 5TOP
{0) on sensor fall, When the Sentinel Ill Is set up to complete on TIME-FOWER and a sensor fall is
encountered the average power is used o accumutate thickness at the Rate setpoint. When the
deposilion resches final thickness, the Sentined Il will sutomatically go to STOP, The thickness accuracy
will depend on the duration of the TIME-POWER phase, A shorter duration will increase the Final
Thickness accuracy; longer durations will decrease accuracy,

255 STARTS FROM IDLE POWER

When a film program lerminates at a non-zero Idle Power, a subsequent start of film in the same channel
will initiate the film seguence al the Rise Time 2 phase. The Rise Time 1 and Soak Time 1 phases will be
ignored. The cyce lime bebween layers i decreased, since the source has been maintained al some
interim poweer level and does not require the long precond ifioning time provided by the Fise Time 1/5oak
Time 1 phases. The Rise Time 2 phase will begin st the Idle Power leved at the time of the START
command, and will ramp 1o the programmed Soak Power 2 level, A film program that is started from
gither the READY phase of the ldle Power (D) phase will shvays executs the Rise Time 1 phase,

2.6 Selecting Parameter Values
2 6.1 INITIAL VALUES OF PARAMETER

On power up the Sentingl Bl will regain the mosat recently enterad vadues for the following parameters,
Howewer, in & new [unprogrammed) instrument, of in case of a PROGRAM LOZE, the lollowing
parameters will be assigned defaull values. All other parameters will be programmed o O,
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PARAMETER DEFALULT VALUE
TOOLmMG 100.0%
DENSITY 1.000 gmfec
Z RATIO 1,000

MAX POWER 90%

GAIN 10

[AMP 0

PAMT RANGE 8

PRAT CALIE 1.0

CaL ACREY %

CMPL TPWHR ¥ES
CHANNEL # 1 {mxcept on film 2, whers It is 2)
ACTIVE PROCESS 1
POSITION TO START 1

XTAL DISABLED YES

P, P2 P3 1

RETRY COUNT 3

RECEIVE TIMEQUT 5
FROTOCOL TRAEQLUT 1000
DEVIATION DWELL 10
DEVIATION SCaLE 10

252 SETTING S0AK POWER 1 PARAMETERS

Soak Power 1 is Gpically set &t a level that produces a source lempera-ture just below significant
evaporation. This is easily transiated Into a power parcentage (Soak Power 1) wilh the help of the hand
held controfler In the MANUAL phass, Skowly bring the power level o the apparent desired deposstion
rata and then nole the power percentage value on the video display. Use this value for the Soak Power
1 setting. This power level may also be used in fast coaters for a non-zero [dle Power, Set the associabed

Rise Time and Soak Time to insure that the melting does not cause violent turbulence but does not wasta
excesshe Hme.

2.68.3 SETTING S0AK POWER 2 PARAMETERS

Soak Power 2 s typleally sel ol a leval that is just balow the power that is used for maintaining the
selactad evaporation rale. This is detemmined by manually bringing the power level up to the desired rate
and then entering automnatic rate control. Allow the sourca to stabiize, then note [he average powear an
the display. Use this value or one slighily kower o the Scak Power 2 value. Sel the associated rise and

goak time long erough 1o insure that the meling does not calss wiolent spattering, but short anough
that expershe materials are not washed,
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2.6.4 SETTING GAIN AND DAMP

The funclion of the control loop is to stabilize the evaparation rate at the programmed Rate. By selacting
the most faverable gain and damp values, you can contral sources with nearly any physical characlesisiics.

Emnmm:mmmmmlmdammmmmmmmmmwm
remains the most practical and least fime-consuming lor maost instalialions. This approach requires
recognilian of basic symptoms of incomect adjustment, from the shapa of Ihe analog rate output on a
chart recarder or the rate deviation display. The most usual diagnostic technigue is to observe bath the
mgahﬁmdpasi:hust&pchamgesh!rmﬂuﬂ.mﬂmp;mmaﬁitnwbemmvtumnmm
final adjustments for the sake of best overall cantrol action.

iy should avoid setfing the control keop to values of gain and damp whese mindr changes in process
conditions can introduce cydlic system respanses. Satislactory control seftings are these which produce
acceplable results in overall rate control without sacrificing control stability. These seftings will be arrhed
al experimentally as described below. Remeamber o allow conditions to stabillze between adjustments
in order to propery assess the adjusted performance, especially in the case of slow sources. Once the
biest setlings have been determined, they should be recorded to lacilate future resstting,

The RATE Deviation displays provide an analog Indication of Deposition Rate Canlrol. You may choose
a deviation Range of + and - 10, 20, or 40 Afsec. These numbers appear at the upper and lower ends
of the graph. The center number indicates the actual Deposition Rate. An analog signal, to the right of
each graph, indicates the dewviation level, with respect 1o the Deviation Range. Table 2.1 ghves some
starting values o be used when beginning to adjust the confral loop.

Table 2.1 Typlcal Control Loop Parameters
SOURCE GAIN DaMP
E Baam w0-50 ¥}
Sl Resistance or Industion 510 {050
E Baarn wilruciiks 2040 5-30
a.  Setting Gain

As you inlially adjust the gain, you should keep the damp parameter al the preprogrammed value of 0.
As the gain is increased, the conirol vollage rate of change Increases lor a given emror, To find the initial
gain seiting, the gain setting on the Sentinel il must be progressively increased. Observe the effact of
gain change on a chart recorder of deviation display. Use the same rate change for both rate increases
and decraases. Allow sufficient time after each adjustment for the system o stabillze. When the system
is cycling (oscilating) steadily, nate the frequency and magnitude of the cycle and decreasa the gain
unil the cydling stops or is minimized. Il extremely low values of gain (less than 10) are necessary fo
achieve this, increase the damp by units of five and repeat the above procedure until syeling is eliminated.
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b. Selting Damp

Damp should be increased when the rate control displays overshool (or undershool) of the Rate or T the
rate controts oscllate when an incremental change of rate is made. Experiment to achieve the cofrect
approach setting, in conjunction with the gain setting, Usa the minimum vaiuie of damp that efiminates
{or nearly eliminates) overshoot, since large values tend to increase control loop nolse. Figure 2.32
shows the effects of the damp setting adustment an the control lnop. Curve A illustrates the effoct of
incraasing the Damp relative to Curve O and is “Criticaly Damped®. Curve B illustrates the effect of
increasing the Damp relative to Curve A and is "Over Damped®.

SET POINT

EAMPLE
INCREASING

RATE

TIHME ——

Flgure 232 Effect of DAMP Satting on Cantrol Loop

& Summary of Control Loop Adjustments

NOTE: Allow sulficient time after sach adjustment for the eyetem to stabilze, Liss a chan recorder
of 1he rabe cevialion display

1. Adjust gain to the madmum table setting for acceptable rate deviation.

2. It cycling or overshoot with step change of rate occurs, increase the damp setting. As gain and
damp controls interact, steps 1 and 2 ghould be repaatsd to determing the best values.

3. Reverse any adjusiments that detericrate contral perlormance. i cyeling cannot be totally eliminated,
adust damp and gan for best overall control action.
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a, I the oulpul power necessary 1o operata the source s always less than 5 volts, removing Jumpers
J1 andior J2 (on the Deposition Control Board) will reduce the maximium outpul voliage and improve

corttrol action by allowing smaller steps.

Figure 2.33 shows the analog display response to both positive and negative rate sleps.

MEG. STEP

— --— OVER DAMPED

CRITICALLY DAMPED
----- == UNDER DAMPED

Flgura 2.33 Analog Dlspley Responss to Rate Stapa

2.7 Special Functions
27.1 MANUAL POWER OPERATION

Manual Power operalion provides an easy method of increasing of decraasing the source power faor the
selected channel or setling the instrument o STOP. If the instrument iz in STOP, or the channel 1o be
salected ks in IDLE, Manual Power selection will not be accepted. To select Manual Power, press the
MAN 1 or MAN 2 button, The channel under control will display MANUAL as the phase, Conlral of the
gource powar for the selected channel is provided at the hand held Marual Controller. All posgions are
momaentary and will return to the rest when released. Pushing the switch o the lefl or right will cause the
oudpul control voltage 1o increase or decresse, Pressing the switch downward eases the Sentinel Il to
STOF (zame as prassing the frort pansel STOP button),
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2.7.2 RUNNING IMN TEST

When the TEST ON parameler is sef to YES, the Sentinel [l will run In TEST MODE. The Sentingl i wi
function normally, except Instead of receiving the signal read from & sensar, a resident test gignal will ba
read. A TEST message is displayed, and all emission functions are disabled,

H & channel is being controlled by the crystal while in TEST, a simuated constant rate will be generated
All crystal fals wil be ignored,

27.3 AUTD CALIBRATION

The Sentingd Il & designed to Interact with a built-in quartz erystal microbalance for fast and accurate
calbration of verification of accurate operation. With the optional Cryslal sensor, shutter, and oscilistor
instalied, the operator may fully calibrate the unil with & single keystroke. This operation does requirs
preprogramming of the necessary information. To use this feature you must implemeant the foliowing:

a  [Install the feedtiwough, sensor, shutter, shutter vahve, oscillator and cables following the quidelines
i seclion 3,24,

b.  Program density, Z-Ratio, and toolng into the FILM display 1o be used. See Table 4.1 and Sactions
4.2.4 and 4.2.6.

¢. Connect wiring between the EXTERNAL QUTPUT and the cormesponding Crystal Shusler valve,
d. Operation may be intisted by one of the fallowing:

1) Manual operation from the Sentinel Ill front panel, for edher chanmel 1 or channel 2, by preasing
the CAL 1 or CAL 2 keys.

2} Remote operation Is avadable through a properly programmed EXTERMAL INPUT {see Section
21.8).

3} Computer controlled operation via one al the computar interface modules.
4) At the start of a film if AUTO CAL parametas set lo YES,

e. Periodic recalibration may be accomplished throughout a long or cantinuous procass at intervals up

lo 988 minutes. The appropriate FILM display CAL INTVL parameter must be selected for this type
of operation.

The calibration sequence, following activation, & as follows;
a.  The shutter vaive Is aclivaled, exposing the cryalal fo the deposition flow.

b.  Following a fhve {5) second perod of thermal stabilization, the erystal accumulates deposit.
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€. The PMT and fine gain controls are autornatically adusted to calibrate the unlt. (No changes ane
mad if the erystal and optical readings agres within the CAL ACHCY limits. )

d. 'Whan the PMT and fine gain are adjusted, the shutter automaticaly closes,

Because of this brief exposure, a crystal may be used over an extended period of lime, thus reducing
the chance of failure.

Audo cabration works properly in syslerns with a significant crosstalk sigral [f the proper procedures are
iolkewed on system selup, Onoe the proper cross-sensifivty paramater is established [he subsequent
atfo callbration may be perommed at any pressure and the calibration will hold at any of the narmal

encountered, The cross-ssnsilivity and callbration parameters must be determined manually
on system slartup as follows:

a Al the lowest achievable syslem pressure possible, infliate an auto or manual cafibration lo adjust
the material channed PMT RANGE and PMT CALIB parameters, The CROSS-SENSITMTY MONITOR
paramater musi be set to zero af this time,

b With the depasition stopped, adjust the monilor channed gain to provide a significant rate reading
fior the monior channsd,

¢ Adjust the CROSS-SENSITMITY MONITOR parameter to & value that nulls the displayed rate on the
mabarial charnad of intersat,

d. Perdorm a second callbeation on the materlal channed

a, i the calibration constants differ by more than 10% it is recommended that steps ¢ & d be repeated
Lntil successhe callbration constants agres within 10%.

Once the cross-senaitivity parameter s established it will not need fo be adjustad undil the monilor filler
requires replacement. Auto calibration will now be valid &t all pressures.

The procedure s ol couse much simpler in cases where gasses are not a problem and the only
ntarlerences are due to other materals, A more datailed explanation of the cross sensithvity carmection is
given in Section 4.1.7.

2.7.4 LOCK CODE

The Sentinel |l instrument gives the user the abilty to prevent access to programmable process

parameters without prior knowledge of a locking code. This code may conslst ot any four digit number
combination.

The lock code s entered in the EXECUTIVE display. Programming the lock code to 0000 will put the
instrument in an wnlocked condlion, with all parameaters accessible. If this is nue, no lock message will
appear on displays other than the EXECUTIVE display. Whan the instrument is unlocked the EXECUTIVE
dispiay will show a UULL! message. When a parameter other than 0 is entered, all parameters will be
locked, except those on the DATA display. When any other display iz entered, the LOCK CODE 3000
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message will appear under the dsplay header. The cursor wil not move o any parameters except the
lock code (and the film number in the FILM display). To unlock the display, enter tha proper lock code.
Thiz wi only unlock the current display until the display Is exdted.

Mote that to change a lock code thal ks akeady present, two sleps must ba taken, First, go Io the
EXECUTIVE display and enter the existing lock code to unlock the display. Then, move cursor back o
Ihe lock code and enter the new lock code, or 0000 1o unlock all displays.

i the "LOCK CODE" Is lost or forgotten it may be erased from system memory by tuming POWER off
and then back an with the ‘RESET" key heid down.

CAUTION: Only the ‘LOCK CODE" will be cleansd if thore iz one present, but if the "LOCK CODE i«
not present and a powerup RESET i done all program parameters wit! be emmsed and
ezt i imitiad vl

NOTE: The computer interiace Iock code overrides the frant panel lock coda.

27,6 USING AND CALIBRATING THE ANALOG OUTPUT

The analog output may be callbrated prior to actual deposition by using the Internal TEST maode which
provides adequale simulation to fine adjus! the recorder for zero and span. Rate must total 0 for zero
anaiog culput; all three rate readings musl be 200 or 2000 for a full span deflection. The analog output
signal is avallable al the ANALOG RECORDER connector using Pins 1, 2, and 3 for the signal and Pins
8-14 for analog ground. The available output voltage range al this pin is 0 volis to 10 volls, For propar
operalion the chart recorder must be configured to accept a 0 1o +10 volt signal for a full deflection
sweep and the recorder inputs must be connected to the pins neled above. Refer to Back Panel
Descriptions for additional infarmation on the eontact ratings for this output.

2.7.8 FILTER CHANGER

The optical bandpass fiter can be changed using the optional filter switcher unit, (See Section 612 for
details on the liller change controlizr board.) When a film is STARTed, the filter number will be checkad.
Il the fiter indicated is different from where the filter swilcher is sef, it will ba changed before entering the
RISE 1 phase of processing. This i the FILTER DELAY phase. Note that changing the fiter number while
& fim s in progress will have no effect, until that fim ks started again

2.7.7 CRYSTAL FAIL INHIBIT

in many coating plants the crystal a output is given major Importance and causes the entire systern 1o
shut down. This can cause problems when the erystal iz changed as paft of the normal reloading
procedure. This polential conflict is resolved by utilizing the crystal fall inhibit input. When this input s
activated any crystal fall will be ignored. The operalor may now change the erystal and verily that it s
operating without indwsng a major process interruption. This input mey be switched using Ehve O redays
of the computer inlerface.

NOTE: Crystal Fad lnhibit 2 & continuous input and will remain active until the input is reset,
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2.8 Messages

The Sentinel Il is designed to warn of conditions that would result in no data, o invalid data, being taken.

If#mn;mt&mlaﬂnppbd.:nw&m&adﬁﬁﬂ‘wmﬁ‘rgvdllﬂaﬁhﬂmuppaﬂ;ﬂmnrﬂm;ﬂha
message describing the cause for the stop condition. One of the following messages may appear with

the STOP warning:

POWER LOES The fine power to the instrurnent has been interrupted. The instrurment has shut down and
restaried,

PROGRAM LOEE Frevious program parameters stored in the instrument heve been erased and defaull
conditions from an internal table have been insered inlo the operating memary. Battery
backup for the Ch0S ls deeigned to protect the program memary. B the battery faile and
qmrhﬁhmﬂtﬂrﬂdhpﬂgﬁﬂwﬂmﬂlnmmm.

CABLE ERR An aftempt has been made o cperats the Instrurnent without having the SCU Imerface
Cable staled,

POSITION ERR An attempt has been made to STAAT a process when te POSTION TO START ia set to
a posiion without & programmed {lim numiber. POSMION TO START is & parameater on
the EXECUTVE Dizplay.

CHAN CONFLICT An attermet hiss been rrsce 1o opserabe two (2} films at the same time which ane programmed
1o cpedabe on the sams chanmeal,

XTAL FAIL This message indcates & ciyslal has falled. This messags wil appear | an attempd |s
made i start a film when the orystal wil mmniusly be used in the procass.

HOTE: K the XTAL DISABLED parameler on the EXECUTIVE Display ks sot to YES, the XTAL FAIL
macsage wil not be displayed.

NTAL CONFUCT An sttempl hes basn mada to operate the crstal on both channels al the same time,

CHAMGER ERR This message indicates & problem with the Fiter Changer(s). Folowing activation and a
ona 1] minue celay, the Fiter Changer has nat advanced fa the programmed position

MO CHANGER An attempt has been made o oparate the Fier Changor(s) withoul proper cabie o
module connactions

EXTERMAL A STOF has occurred dus to an extarnal control, This may be inkased by pressing STOP
on the instrument Font panel, pressing STOP on the hand held power control duning
Manual operation, a STOP received through the /D RELAY Board, or by & compater
Interface STOP command.

SENSOR FAIL & germor has faled prior to Depost, or curing Depost when CMPL TPWH was not
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programimadsd.



RATIO ERR

SECTION 2
OPERATING THE SENTINEL Il

Ratio Control hae beaen atternpted when anly cna (1) channe! s operating, o Aatio Control
hias bean seacted to control both channeks.

The following group of messages can appear while the system is running.

MAX POWER 1 2

The pragrammed value of MAX POWER for the epecified channel has been reached, i
the tnstrument stays at MASY, POWER for 5 ssconds and the STOP on MAX POWER s
enabied, the inafrument will siop.

CALERR12 An attempl has been mede 1o calbvale a film on the specilied channel when the crystal
was unavailsble for calfbration. This may be due 1o one ol 1he folowing:
& XTAL FAIL
B XTAL DESABLED
o XTAL in u=e on the other chanmel
o Tre tirne il for calbation fes been axcended,

XTAL FAIL Cryetal hes faled,

CALIBR 1{orj2 The channel indicated is currantly being cafbrated.

CABLE ERR The 3CU interiace cable is not connected, In place of CABLE ERF, one of the folowing
MASEAgAs May appear:

EMIS ERR 12 indicates & protem with the amission gystem,

MAX LEAK 12 The smissicn leakage level of the sensor is very high and a SENS0A FAL and STOP ig
aboln 1o oseur,

0% LEAK 12 indicates emission leakage value is approomataly + of madmum slowsed

EHTERR12 The shutber delay phase hes exeesdad one (1) minute.

NOTE: The "1 2 in the mesasagee above Indizates shanmed 1 and channel 2. The displey may
inclicmin 1 or 2 or both, depanding on the cicumatances.

Cither messages include:

ENTRY ERROR & flashing message located in the lower left comar of the display indicates an incorrec
parametar entry has been attempled,

TEGT Located in the iower middie of the diepfay indicatea TEST operation has besn ssleced on
the EXECLTIVE Display.

EMISSION Lecated i the lower fight of the display indicates sensor EMISSION & off.

MHOTE: i the active process containg fims using only the crvetal, hat is 1 all films to be uvsed have

cryeiel measurement parameters sat, the emission message will nol be dsplayed (akhough
thve EMISSION will be sat to OFF).
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3.0 INSTALLING SENSING SYSTEMS

Reder to Figure 3.1 for an overview of the sensing system.

Figure 3.1 Overview of Senaing System
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3.1 Locating Sensors and Feedthroughs

Cormect sensot location within the chamber & impodant to the Sentinel INe overall parformance. (Ses
Figure 3.2)

In genesal, the prefarrad installation iz as follows:
1. Locate the sensor directly above the evaporant source
2. Use aslraight section of optical coupling (as short as possibla) between the sensor and feedthrough.

3. Provide a rigid support bebween the sensar and (he vacuum chambsr wall,

Flgure 3.2 Preferred Sensor Locatlon

CAUTION: Do nat usa the aptical coupling (Vaht pipe) for suppan.

4, Instal additional shiedding around the fiament leads and light pipe to reduca accumulation of
evaporated material. Aluminum foll s easy to use and provides effective shislding as long as it does
not condlict with the process requiremants,

5. Include special provisions far coaling i your process requires, (o allow sensar lemperature to remain
below 4507C.
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6. Be sure the sensor is in an area with less than 2 gauss of stray magnetc field duing deposition.
Higher fields may deflect the electron beam and cause the sensor to have litle or no sensitivity 1o
evaporant.

Obwviously, mamy installations will not allow all the above guidelines to be met, However, the net gain in
system performance justifles thelr strong conskderalion.

3.1.1 OPTIMUM REPEATABILITY

Optimum repeatability is generally oblalined when the sensor is localed directly above the source, Always
minimize the source to sensor angle for best results.

Prelerred sensor location (Figure 3.2) is along the vertical center fine from evaporant source as shown.
it the center line location s nol possible, the sensor can be mounted as shown with the optical coupling
through an angled feedthrough. However, the greater the angle from the perpendicular center line, the
greater the variation in sensithity refative to changes in source conditions, (pool height and power
density).

4.1.2 OFTIMUM LIGHT SIGNAL

Higid opfical couplings ane best used when the coaling system Is designed with minimizing the sensor
to deteclor distance. The optical signais lalls off roughly on the square of the ight pipe length. Care in
the: initial syslem configuration can avoid the cost and complexity of fiber optics. In general, i the light
pipe distance excesds 8, fiberoplics wil provide higher throughput, independent of length.

4.1.3 DOUBLE ENDED SENSOR

In certain stuations requiring the mesdmum optical signal a second light pipe may be allached io the
Sensof. Since the light produced in the sensor ks approdmately isotrople, the second light pipe effectively
doubles the light available for two material systems. Tha iImplementation requires acoessony 016-402-G1
and a second leedthrough. Feedthroughs are mounted directty across from each other and the
recammendaticng of 3.1.1 and 3.1.2 ghould be followed.

3.1.4 CRYSTAL CALIBRATION CONSIDERATIONS

The automalic crystal calibration feature requires a shutlered Quarlz Crystal. Athough the overiding
concarn should be for the EIES Sensor, the Crystal should be located as cloae o the EIES Sensor as
possibie s0 as 1o minimize the spatial variations of the evaporation sources. Ses the recommendations

of Section 3.:2.4. 1l is passible to mount the crystal sensor so as (o capture the evaparant passing through
the EIES sensor.
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3.1.5 LUGHT SHIELD FOR REFRACTORY METALS {Optional)

In certain exdremea cases the black body radiation emitted by the evaporalion source can ovenwheim the
detaction of the synchronolsly detected Sensor generated photons. In these exdreme cases, an oplional
light shieid (PN 018-427-G1) is recommended. It is designed to reduce the angle of possible siray light
antrance inlo Ihe Sensor and is typically useful for matedals like MNb, Ta, W and Mo. It is not recommenided
for thie ragarty of wacuum deposiied malenals,

When instaliing a light shield, be sure you will have dearance for easy removal for Sensor maintenance.
Sea the Bght shisld outline draming (Section §) price to system design.

Z et

Figure 3.3 EIES Light Shisid

3.2 Installing Sensors and Feedthroughs (Figure 3.4)

3,21 MOUNTING EIES SENSOR

Once the location ol the sensor is delermined, rigidly aftach & relative to the evapotation source. If the
posilioning is not secured, calbration cannat be maintained. A sensor mounting bracket is included lor
thiz purpose,

For light pipes over 10, fiexible feedthroughs and ary silustion where medmum rigidity is required, the

use of the mounting bracket cr some olher attachment method is mandatory. The bracket ks designed
with considerable fexdbility of posiiconing and mounting methad in mind. Onca the feedihrough and light
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pipe are placed and sensor location estabished, the bracket may be aftached by walding or screwing it
1o a suitabla fkdura mamiber,

3:2.2 INSTALLING RIGID FEEDTHROUGHS
& Design For Easy Removal

The EIES Sensor Is easily removed from the Inside of most production coalers by bosening the clamp

and pulling the Sensor away from the feedthrough. in these cases the In-Vacuum Cable wil unglug from
the Sensor of may be disconnected prior to Sensor removal.

Anather class of systems thal are often used are quite amall or inaccessibée from the inside. In these
cases, a lange that is large enough ko allow the entire Sensor to pass through is required. A 4% ConFlat
liange of any other flange with a 214" minimum internal clearance adapted to the 2%° ConFlat allows 1he

use of standard componenta (o achieve easy instaliation and removal from the outside of the system.
3ee Figure 3.5.

Flgura 3.4 EIES Sensor
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E.::_IT! L If"l.I: fumpere.

Flgure 3.8 EIES Bensor with ConFlat Flange
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b. Rigid Light Guide

The achievement of long-lerm composition contral in the order of a few parcent is aided by maximizing
the portion of tha total optical signal generated in the sensor that reaches the detector (see Figure 3,1),
There are many waya of doing this. The simplest way i to minimize the sensor to detector distance by
integrating the measurement system inlo the design of the coating system, The photons generated in
the sensor are emifted in all direclions almost without preference, For this reason alone, the furdher the
detactor i boaled from the sensor, the lewer photons will ulimately reach the detector, This reduction
in the phaton count related o the deposiion flow ulimately reduces the signal to noise ratic and the
shart-tarm cantrol loop performance.

A means of shortening the effective distance is to incorporate a rigid fight guide (see Figures 3.6 a & b).
The properties of the Bght guide are such that they eflectively reduce the length of the Bight path nearly
by the length of the light guide. Since the number of photans reaching the detector is approsimataty
proportional to the inverse of the distance sgquared { 1..’I:I2': fhe inprovement on a system can easily be a
factor of ten.

Figures 3.6a and b are guideline drawings for the fabrication of a suitable light guide, Tha length should
be tallored for the specific Installation and be equal to the distance batween the vacuum window and the
sensor minus 0.5 inch. The 0.5 Inch insures that the coating of the end of the rod is kept [o a very low
level. The use of hollow tubing instead of sold is sugpested because even the best grade of quanz wiil
slrongly attersate the optical signal when the path through it B exceptionsly long, Wih the hollow tube
the losses due 1o absorption are restricted to the path kength the photons take through the quarntz, which
iz small compared o the path in vacuum, Nevertheless, the more rugged nature of the solid rod makes
its use desirable for shorer Eght paths <157 where Ihe attenuation loss is acceplable, It is considarably
casier [0 damage the hin wall tubing during systemn malntenance than the solid rod.

Figure 3.6a is a guidsline for fabricating hollow quanz light guides.

Figure 3.6b is a guidlelirne for fabricating solid quartz Bghl guides.
Infieon doas not supply ar manufaciure these parns.
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o In=Vacuum Cable

In-vacuum ceble provides the electrical power to operale the EIES sensor and sirelches between the
feadthrough and the sensor,

Since every inatallation vanes, Inficon provides a partially completed kit of materials to tailor the length of
the in-vacuum cable to your particular needs,

The imventory Bsl below will halp you verify a complele kit and |s o be used for part identification during
asasmbly.

Gty em IPH Description

1 o B-408-G2 High Temp In-Vao Cable

z 2 F1-383 Sitainless Steal Tubular Brakd
2 ] riE-2aE-P2 Tube Clamp

q i e-241-02 Cannectar Cower Aspambly
1 ¥ DeR-023 Philipa Flat Head Screw

4 | OHE-247-MM Fizh Spling Bead

2 1] E-245-M Push Om Connedior

1 10 i B-242-F1 Connectol Bocy

i 11 a0 Hex Societ Haad Cap Screw
2 12 na2-ee Hee Mut

4 13 [ =i ] Plain Washer
AR 15 onE-30a-M irsutaiing Baead

2 i1 01 8-248-F2 Sl Borews

a ir 01 1-358 Hainkess Stesl Bpring

1 - arz-2re Fluta Splina Weanch

CAUTION: The parts in the kit are clean. To avold comtaminalion you must wasr lab gloves or finger
cods duing assembly. Tools and suifeces used for azsemibly must be clean.

CAUTION: DO NOT use creckad or beoken fsh gpline beads, Check that both wims ane eleciricailly
igciated from the conmechor body,

Refer o Figure 3.7 for each assembly step below. The overall length of the cable wil be referred to as
=

1. Remowe the cable assembly from the bag and remove the twist ties from the cable, Siraighten the
cable and prepare fo cut it to the appropriate lenglh {up to 507, This length is determinsd by using
the cutting chart on the assembly drawing,

2 Determing the langth for the stainkess steel tubular braid (011-383), ltem 2, using the cuiting chart
on the assembly drawing. Be sure the brald ks not siretched whean it Is measured. Cut the braid and
et it asida,
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3. To begin the assembly, clip the mylon cable e located near the completed end of the cabile. Do not
allow the beads to side off the wire.

4. Open the bag of insulating beads (016-308-P1), ltem 4. These beads are designed to be installed
in one continuous direction, Begin to péace the beads on the wire in the same manner as the first
few were installed,

5, Once the beads are installed, place the stainless steel tubutar braid on the cable assembly a3 shown
on the drawing. Place both tube clamps 0168-2468-P2, tlem 5, around the braid, Position the clamp
nesreat the completed conneclor as shown on the drawing and install one each ol the hex sockel
head cap screw (DR2-024), item 11, plain washer (0B2-022), tem 13, and heot rut (082-026), kem
12. Do net Install the hardware on the second clamp al this time,

6. Place the connector cover assembly on the cable at the unfinishad end. it may be necessary to add
of gelele beads to provide commact exposed wire lengih,

7. PRefer to the drawing lor push-on connector installation. Each wire must be insulated wih (1) fish
spline bead (016-247) item B. Note the bevel posiion,

B.  Refer to ENLARGED VIEW B. The wires must be insulaled with adcitional Insulating beads (01 6-308-
1), #am 15, and bent as shown,

8. The push-on connectors (116-245-P1), itern 8, and set screws (016-248-P2), itern 16, are instaked
as shown In the main portion of the assembly drawing. Use the flule spline wrench (072-2749),
included with the ki, o lighten the set screws.

10. Instal the remaining fish spline beads (016-247-P1), item B, as shown on the drawing. Naote the bevel
pogition.

11, Slide the connector body (01 6-242-P1), ttem 10, onto the connectors until & is lirmly saated. Fasten
the connecior body using the Philllps flat head screw [082-023), item 7.

12. Install the hardware on the remaining tube clamp and secure e lubular braid.

The {3) stainless steal springs (011-386) are used lo attach the cable to rigid suppoerts when instalad
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323 INSTALLING FIBER-OPTIC FEEDTHROLUIGHS

753-002 G, G7, GB fiber-oplic fsedihrough package
CAUTION: Loosening ar tightaning any ma covwamd spacifcally in fese nstrocions voio wamsnly.

1. Tree ends af this teedibrough must be handlied with care at &l times. Special attention must bes paid
io the vacuum end of the bellow assembdy. The polished end al the oplical fiber s expasad al tha
lip of the ballows. Any damage to this fiber or its polished face will render the feadihrough ussless,

2. DO NOT BEMD ANY PART OF THE BELLOWS OR SPIRAL TUBING IN LESS THAM A FIVE (5) INCH
RADIUS OR DAMAGE TO THE OFTICAL FIBER MAY RESULT.

3. Mountthe EIES sensor assembly securaly Invacuum system. DO NOT DISASSEMEBELE THE SENSOR
FROM THE COUPLING TUBE. The coupling tube contains a focusing lens.

4, Place the copper sealing gasket over the bellows and push il up lo the lace of the 2 34" fange.
Plug the in-vacuum cable to bellow with spring retainers provided,

5. Install leedthrough on vacuum system being caraful o protect free end of bellows.

&, Route cable and bellows through system to EIES sengor. Try to position the bellows ag close 1o s
permanent mounting posiion as pessible. | may be difficult 1o reposition aler, MINIMUM BEND
RADILUS FIVE (5) INCHES.,

7. Careluly insert end of bellows into sensor coupling tube, A line has been scribed on the fiber
couplng neal whede it connects to the bellows, Align thiz line with the end of the coupling fubs,
Tighten retaining clamp securely. This is the proper focus point between the sensor and the fiber.

8. Plug sensor cable onto the lilament conneclions on sensor. Secure bellows and cable in their final
position in the system. The in-vacuum part of the instaliation is now complele.

9. The PMT (IPN 011-121) ASSEMBLY MUST BE RIGIDLY MOUNTED WITHIN REACH OF THE PMT
COUPLING AT THE END OF THE FIBER. The spiral jackeled fiber-ogtic lube CANMOT suppart the
weight of the PMT assembly. MINIMUM BEND RADIUS, FIVE (5) INCHES.

10. Connact coaling water supply to 1/8° nylon lines on the feedthrough, The inlet line is marked with
blue bands several places along s length, The cutlet line is unmarked, Correct inket and outlet
polarity must bé obearved to oblain proper cooling, Minimum flow should be séx (6) galthr, (0.1

galimin).
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324 INSTALLING THE OFTIONAL SHUTTERED CRYSTAL SENSOR

a. General Guideiines

To prowvide shutter capability on the Standard and Compact sensors, shulter modules must be installed
prior to installing the sensor into the vacuum system. The Bakeable sensor includes the shutter and
requires no assembly prior to instalation.

Before any shuttered sensor is installed into a vacuum system the shutter should be tested. Care shouid
ke taken when planning and inslalling shuttered sensora to ersure no obalructions exist between the
source and all shutters.

b, Prednstallation Shutter Checkout

Temporarily connect an air supply (B0-B0 ped, 100 psl max,) to the actustor air line and fest the shutter
operation (10-25 cycles), Shulter movement should be smooth, rapid, and complete, When activated,
the ehutter should completely cover the crvatal opening, when deaclivaled, the shutter should retract
complately from the crystal opaning. You may have to reposition tha shutter assembly 1o achieve optimum
onfoll positioning. i operation s impaired, ubricate the moving pans with molbdenum dsullide or
graphite. Should operation continue to be Impalred, adjustment of the Shutter Module must be completad.
if werificalion was successiul, make appropriate air ine, waler ine, and coax cable connections,

&, Pra-Instaliation Sensor Chack Out

Before you install the sensor in the vacuum system, you should make sure It Is in proper waorking
condition by lolowing the procedure cutlined below:

1. Connect the sensor end of the cecliator cabie bo the sensor using aither the feadthrough ordered
of a comx adapter (Microdot™ BMNC).

2. Plug the coaial connector end of the ceclator cable fo the recepiacke marked OSC on the DEP
CTL module &t the back of the Sentinel 1L

3. Connect power 10 the Sentinel il and sed power swilch lo ON, Set density at 01.00gm/ce, and

Zero the thickness, The display should indicate 0 or +/7- 0,001, Cryalal life should read from 0 1o
3%.

4, Breathe on the crystal and observe whether a thickness indication of 1.000 to 2.000kA appears
on the display, When the molsiure evaporates, the thickness indication should return 1o approsd-
mately zero,

It the abowve conditions are ocbserved, you can assume the sensor s In proper working order and may
be instalied,
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d. Inatalling the Compact and Standard Sensors

The Compact and Standard sensors may be instafled in amy appropriate ocation within the vacuum
syatern. Two tapped holes are provided on the back of the senaor body lor attaching 1o the aystem. The
cable length from the sensor to the feadihrough is 30 inches (76, 2cm). It iz not recommeanded thal this
distance exceed 40 inches (101.6cm). With &l line connections installed, install the sensor and
feadthrough assembly into the procesa system and secure all refaining hardware, Shield the coa cable
from heat radiating from the evaporant source o the substrale heater, You can do this very simply, i
your procass allows, by wiapping aluminum foll around the cable and water lines. Connect the extemal
waler incs from the lesdihroughy o your walter supply system and flow controlier, We recommend using
a detachable coupler (Sw. or gquivalent) for esdermal water ine connections. Applywater pressure
and varity the water connections. For information on installing shutters refer to the Installation Instnuctions
sert with the optional shutters.

e, Irstaling the Shullered Bakeable Sensor

The Bakeable sensor may be Installed as described above, or with clamps on the lines running to the
sensor. The cable lepgth and alr lines are not adjustable, and It s not necessary (o shield the cables,
Howeseer, we do suggest that you install & shigld to prevent accumudation of material on the cam
mechanism. If the waler and coax lines require bending, maintain a mirémum bending radius of 1/2
(1.3cm). Always use a bending tool of form fo avold kinking. Reler to Seclion 1 for other instaliation

requirements, inchuding mesdmum operating temperatures,

CAUTION: Bend the lines batwesan the clamps, DD NOT band naar the sensor head, This is the iccation
of tha vacuesm ek spdine bead for the sdectical fne, Sfress in the area can crech the commic

feacihrough and cause loss of vacuum infegrily,

. Instaliation of Shutter Control Yalve Assemily

The shutter contral valve assembly (IPN 007-192) and the feecthrough should be installed at the same
firmee, The same valve assambly & wsed for both the 1° and the (recommended) 2-3/&" leedthroughs.
However, il the assembly is (0 be used with the 2-3/4" feedthrough, you will need to modity the vabve
bracket as follows:

1. Adign the siol in the valve assembly over the edge of a lable or other square edge.

2. Using pliers, grasp the part of the bracket esdending over the edge and push down. The assembily
will break along the siol. Use a fie to smooth any rough edges which may be formed along the
break.
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instatiahion with 1° Bols

YWou will meed two 1° bolls, Use the first as ks; on the second, one water line must be plugged, the other
must have a fiting adapter (IPN 007-133) soldered to it. (This part iz only availabbe from Inficon,)

Mo lollow the sleps below:

Insert 1° bolt

Add brackel

Add washer

Add mut

Tighien

Add the alr fitting to the water line which has the litting adapler installed.
Connect 1/8" teflon air ine

Install air line 1o 80 psi scurce

e R

Instaifatian with 2-3)4° Feadifvough

Install lesdthrough

Add vaive bracke! (modified) to desired location
Tighien feadihrough bolis

install air fting 1o fiting adaple

Connect 1/8" teflon air line

Inestall alr ne to 80 psl source

=

HOTE: Meximum aseermily temperature e 105°C for bakeout and operation.

Pin Conmachions
Ta complete the installation of the assembly, make connections for either 25 Vac or de, using the diagram
bretow

Uze pins O & B for do;
pins A & C for ac.
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3.3 Locating and Installing SCU and Optical Processors

331 LOCATION OF SCU

The most impodant locallon requirement for the SCU is cable length, The high voltage cable, signal
cable, and sensor power cables are B lang, The SCU may be mownted amywhere and in ary orientation
that Is comvenlent within the cable length consiraind.

For other SCLU requirements see Section 2.2,

2332 COMMECTING THE SCU

The SCU provides conneclion bebsesn the Sentingl Il and the sensing devices.

The J3 CONSOLE INTERFACE provides connection 1o the Sentined [l via the confrol cable. Press cable
connecstors completely into Instrument connectors and engage the retaining clips.

NOTE: The Control Cable k& avaliable from Inflcon in the foliowing lengthe:
T53-205-Ga0 i)
TEI-205-G0Y Fram 10 to 60 in increments of 107

The HIGH VOLTAGE PMT connectors provide the nectssary oulput to operale the photarmultiplien
tube(s). Connect the FMT high voltage cable between tha SCU PMT connectar(s) and the photomuttiplier
HV connector(s). These are MHY type connectars.

The SENSOR DRVE connectors provide bias voltage and flament power to the EJES sensors. Connect
the senaor power cable between the SCLU SENSOR DRVE connactons) and tha EIES sensons) cable.
Thezse are keyed, (4) pin connecions.

The FILTER CHANGER connectors, on the optiona filter changer controller board, are (9) pin connecions
providing controd signals to the filter changer oplion modulels). Connect the filler changer contral cable
batween the SCU FILTER CHANGER connectors and the filter changer module.

The CHAN 1 and CHAN 2 conmeclors provide the control signal input for the photomultiplier tube(s).
Connect the PMT signal cable bebween the SCU CHAN 1 conneclor, CHAMN 2 connector, of bath, and
the respeciive PMT SIG connecton(s). These are BNC bype connectars.

The ROMNIT connector provides the signal Input for the monitor PMT, uses the same cable as CHAaN
1/CHAN 2 connectors above, Connect as above using the Monitor PMT 516 connector,
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333 INSTALUNG AIGID FEEDTHROUGH PMT'S

To install the PMT s select the appropriate optical fitter and place It in the filer holdder. Be sure to cbserve
the light direction armow for proper filer instalation.

For installation in single materal syslems the PMT must be aftached directhy to tha 1' - 14 coupling ina
corvenient ofientalion. Hand tighten the conmection,

For installation In a two-material system attach the beam spliter (016-204-G1) to the feedthrough and
hand tighten the connection.

Install the loaded PMT's anto the two outpul ports of the beam splitter,

It is advantageous o install the PMT wusing the shortest wavelength on the port that Is straight through,
The pott thal is al a right angle 1o the straighd through is reflectad through a prizm and is elighlly lass
elficient al ihe lowest wavelengths.

The beam spiter is sel for nearly equal throughput at the factory, IE, for some reason, the signal i not

sullable for the installation it may be adjusted by furning the prism inward of outward by removing the
PMT on the reflected side.

WARNING!!! s
BE SURE HIGH VOLTAGE IS OFF WHENEVER PMT IS EXPOSED TO
ROOM LIGHT TO AVOID DAMAGE TO THE PMT.

Linder certain iow level conditions a small gain in optical signals may be noled at carlain onentations of
the PMT's.

3.4 Installing Options
3.4.1 DOUBLE ENDED SENSOR ADAPTER OFTION

This option Is designed for use in prodesses requiring simultanecus maximum signal on mare than coe
material, Installation of the oplion s accomplished by remaving the sansor cover end bvo socket head

screws which hald the side cover in place. Inatall the adapter, instal and tighten the screws, and feplace
e coner,
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Installation then procesds normally within the constraints of attaching two rigid couplings.

—

Flgure 3.8 Daubie-Ended Sanzor Optlon

3.4.2 INSTALLING THE FILTER CHAMGER OPTION

The Filter Changer Option (753-002-G10) allows the use of more than one filter on a single output port
without the use of a beam splitter. The main advantage of this oplion is the ability 1o maximize the signal
strength received by the PMT (Photomuttiplier Tube) for sequential malerial deposiions, The aption is
not shipped with the PMT and base assambly. The user mus Tollow the irslaliation procedurnes provided

balow bafone attempling operation.
a Instaling Filters

The fitter changer option accepts instalation of up to four (4) ters. Inficon offers custom made (ilers for
e with the phatomultiplier tube and ter changer. A list of the avalable fliters and the assoclated par
numbers is ghven in Saction 1.

It the PMT housing has been inslalled on the filter changer it must be removed prior to installing ters,
Refer to steps 1 and 2 on page 3-22 for removal procedures,
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1. Locale and remove the three (3) flat head Philips screws mounding the PMT houwsing o the filler
charger mechanizm assembly (refer to Figure 3.9).

I-lllﬂ'lﬂi-ﬂﬂ
T WiTH MULT FLTER T HM-HB:I I__.__}Ib
n j "
— | o
(TN T
WITER A% Gl ASEEMELY
AP AP
RLTER -
CARIUSE L= O

Flgure 3.8 Filler Changer Assembly (Sida View)

2. Gently, slide the PMT and base assambly awey fram the main assembly. The housing 1s sealed from
light with an O-ring. and may fit tightly. Apply firm pressure wntil the housing @ free of the Gght seal.

3. Locate the numbers stamped in tha op of the carouseal,

Lize these numbers to assign bocations to filkers,

4. LUising internal snap ring pliers, remove the ouler anap rings from the filter openings o be used for
filter Instaltation.

5, install the fiters in the approprate opanings with the directional arrow (on the side of each filtar)
painting to the carousad {with the light). If the filter is nol marked with an arrow, place the fiter in the
carouse] with the refiective side facing outward.

NOTE: Be certain to record [ha (iler numcer (on the carousel) and the iller iype at sach location
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CAUTION: The fiter changer carcussl & shipped from e fclxy with bianks in fvo of the [Tar
opemngs, secued by snap fings, ¥ a fer is not used in an opening, a biank must be
irserle b aveld fght darrieos o B shotamuifber fube,

B Inslal tha snap rings.

7. Install the PMT housing on the main assembly, Once the PMT housing is fully sealed against the
mounting plate, rotate it untd the light lube is perpendicular o the long side of the main assembly
{reder to Figure 3.10), Next, rolale the PMT housing slightly to algn the screw holes.

-

This ssaembly has
thes PMT and base
installed,

Flgure 3,10 Fiter Changer Assembly (End View)

g Install the thres (3] flat head Phillps screws removed In step 1" above.

SENTINEL HI 3-20



b,

SECTION 3
INSTALLING SENSING SYSTEMS

Instaling PMT and Base

The fiter changer option, as shipped with a complete system, requires installation of Lhe standard PMT
and base supplied with the Sentinel ll.

1.

Remove the PMT and base from the standard PMT assembly by removing the twe (2) Phillips head
sonews on the side of the housing.

CAUTION: Care should ba takan dusing the folling staps to avold damaging the PMT, This fuba is
expenehe and reokacament tme will delay the instaflation.

Full the base out carefulty--it Is a tight it becatse an O-ring is used for light sealing.

Carefully pull the electrostatic shield from the base, Pull the red shield insuatar from the electrostatic
shield and replace It with the shisld insulator from the ship kit, Carefully replace the eslectrostalic
shield on the base,

Now place the complete base assembly (base, PMT, and shield) into the comesponding opening of
the filter chamges. Turn unlll the hwo screw holes are aligned. The screw holes are nol symmetrical,
incarrect installation cannot ocewr if bath serew holes are aligned.

Install the two (2) Philips head acrews,

The changer may now be attachad 1o the leedihrough and hand fightened.
Final Connections

Vesity instrument power is set to OFF.

Remove the Oplion slot cover on the SCLL

install the filter changer contraller board (753-352-G1) (Refer to Figure 3.1 for comect nslallation,)
Secure the board with the two () screws removed in the previous step,
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/

n

Figure 3.11 Instafling Fitter Changer Board

Figure 3.12 Fliber Changer Optlon Cable Connection
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3.4.3 |EEE-488 COMMUNICATIONS OPTION

WARNING!!!
HIGH VOLTAGES ARE PRESENT INSIDE THIS UNIT WHEN POWER IS
'APPLIED. DO NOT OPEN THE COVER UNLESS THE POWER CORD IS
'HEHD‘E'EEFHHH THE REAR OF THE UNIT.

ATE WITH THE COVER OFF|

1. Ramowve the two screws in the upper comers of the rear panel o that the top of the control unlt can
be remiowved by sliding & to the rear, Take the top completely off. (See Figure 3.13).

L5 'gg 2 i HEN
LA iR 1y | E: »
: b OR SRR
i | g L il =
wig | i | OB i s
r_- .jlil : n ;' I-I I|
tTENY ] 3 t |4 " ——
F-=|] F HO¥] @ i : T, [
LEIR DI L [ L — |
" et |woseay | oepcrl | vioeo | oPu | scuem

Figure 3,13 - Operator's Conscle Cover
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2. The |[EEE option module should be installed in the emply slol af the left (as viewed from the rear),
Remove the cover plate from the emply slcis. Then carelully insart the card as shown inFigura 3,74,
noting that there are alignmaent slots to Insure the correct mating of the board and sochkels. Make
sure the board is lully inserted In the sockets. Install the 3 sorews in the rear panel and replace the
CIWET,

WARNING!!
REINSTALL THE COVER BEFORE APPLYING POWER TO THE UNIT.

CAUTION: Refer to the IEEE Infarface Saction bafom instaling the PCE infe the instrument.

B
E-FC

o o

L

o Q

e ;g
el £

A M0 RELEY | DERCTL | WIDED

Figure 3,14 - IEEE-288 Board Flacemant
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3.4.4 GM200 MONOCHROMATOR OFTION

The GM-200 Grating Menochramator i a 200mm, 4.0 two-grating instrument capable of both high
throughput and fine resolution. The graling ks blazed at 240 nm and maintains high efficlancy over the
200-500 nm range of intereat. it has the folowing leatures:

a  Aknob determines resclulion and selects one of five bandwidths, with detent stop posEively indicating
the chosen bandwidth. The supplied bandwidths of 1,2.3.4 or 5 nm are adequate lor almost all
process applications. In general, the Irade-off for belter resclution (namower bandwidths) iz a loes
ol throughput. Reducing the bandwidih by a laclor of two reduces the throughput by a factor of
four.

b.  Alnear wavelength drive makes the satting directly readabie off the tront pane! dial indicator (range
{180-750 nm). The least signilicant digit is divided into 5 parts vielding a 2A resclution.

¢. The general cptical layout is a modified, reflective double off-axis Ebert type. This design enables an
inline layoul of the entering {polychromatic) and exiting (monochramalic) beams.

d. Adapters are suppled with sach monochromator for optically coupling the unll to the leadthrough

and oplical processor. Included in the adapter s a collimating lens which focuses the light signal on
the entrance of the moncchromator.

instaiiation

Although the couplings supplied with the monochromatons will suppont the assembly, the size and weight
al these units plus the optical processor make it prelerable to provide additional suppest. Inficon does
mot supply this support because the multitude of system installation possibilities does not aliow the
diesign af a commaon one.,

The GM-200 Is shipped without the adapters connected. Remove the wo screw-on dust caps from the

(GM-200 and thread in the two adaplers. These adapters may be amanged In aither ariertation and can
be chosen lor oparalor comvenience.

Operation

Unce the monochromator and the optical processor have been installed, you can set the wavelength
readout to the chesen point, using the 5 nm slit width and making sure the wavelength lock ks loose,
Once deposition has Degun, The wavelength may be selected mare accurately by varging it slighty
around the initial sel point. The maximum rate reading (at constant power) indicates that the wivalength
has been tumed, the slit appropeiale Tor operating conditions may be chosen, Sight wavelangth funing
may improve signal throughput at this poinl. Record the final wavelength; this will speed the retum 1o
this ernission line in the future, Tighten the wavelenglh lock,
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Figure 3.15 - GM-200 Monochromator Assambly Drawing
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3.4.5 WATER COOLED EIES SENSCR OPTION

Far the graat majority of materiads the EIES sensor does nol require water cooling. However, for materials
wilh a high vapor pressure such as Zinc and Cadmium it i lound that the EIES sensor reguires water
cooling, Inftial data taken while evaporating Zinc showed characteristics similar to an interference due 1o
a background gas. It is belleved (hat some of the Zinc atoms are being trapped inside the body of the
EIES sensor. Due to the temperature of the sensor the atoms do not condense on the walls of the sensor
and consequently the zinc aloms can again pass through the interaction volume. In the interaction
volume they may be re-excited”, emitting another photon, leading to a non-linear output. This process
&s0 occurs for atoms striking, and nol condensing, to other hot surfaces inside the vacuum chamber
and these atoms may also re-enter the interaction volume, Upon water cooling the EIES sensor, the
residual signal is nearly efiminated and a stable and Incar calbration can be abtained. Cadmium, also
with a high vapor pressure, is found to exhibit similar characteststics, and, again, upon waler cooling the
sensor a stable and Enear calibralion i cbisined, The water cooling Is routed through the cocling block
on fop of the sensor and the laraday cup B supporied on threaded studs for incressed thermal

dissipation.

Figire 3.16 shows the design of the water codled sensar. The water cooled EIES sensor may be
purchased from Inficon as an option, (PN 753-002-G16.
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Flgure 3.18 - Water Cooled EIES Senaor
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3.4.6 EIES SENSOR SCATTERED MATERIALS SHIELDS CPTION

For applications In which the substrates are AF etched prior to deposition it may be necessary lo use
the Scattered Materials Shields with the EIES sensor, Duwring the eiching process, cxides from the
subslrate may be scattered into the EIES sensor and consequently the inside of the sensor becomes
coated with a thin cdide film. Subsequently, during deposition, primary elecirons generated by the EIES
sensor may strike the oudde fim producing secondary elecirons. These secondary electrons may then
excite atoms passing theough the sensor and thus generale additional pholons, Since the EIES sensor
is calibrated without the presence of these extra photons an inaccurate rate reading reaults, consequenthy
the calibration iz in eror, Addiionally, the standard sensor cover is nol adequataly RF grounded to the
body of Ihe sansar,

To reduce the occurence of this phenomena, the scaster shields are added o the entrance and exit
aperures of the senaor, therabry restricting the amount of materkal entering the sensor during the etching
process, Also, a sell-lapping 2-56 grounding screw |s added fo ensure proper electrical grounding. This
Improvement must be implemented if the etch is RF driven.

Fieid retrofit of the Scaltered Malerlals Shisids ts poasible simply by diilling the appropriate hole inlo the
side of the EIES sensor body. The outline drawing, Figure 317, illustrates the Scattered Materials Shields

kit for the EIES Sensor and the [ocation of the hofe to be drlled into the sensor body. The kil may be
purchased from Indicon as an option.
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Figure 3.17 - EIES Sensor with Scattered Materials Shields
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3.5 Grounding the Sentinel 1l

The ground connection on the Sentingl Il Operators Consobe = a threaded shud with a hex nut. On the
SCLU, ome mounting boll may be used lor a ground connection. One sugpestion i to connect a ring
terminal fo the ground sirap, thus allowing a good connection, and easy removal and installation. See
Figura 3.1& for the sugpested meathod of grounding, When used near RF powared sputtering systems he
grounding methad may have 1o be modified lo the specific aitustion. >

CAUTION: The proper operation of the Sentinal I, &5 well as the salsly of your coemlors and sondce
oo, ceparicls o @ fow irpedance earl ground, I vow e nol alresdy dores 5o, varily
the uaity of your sysiem ground with youw oleed engireeing depanment.

NOTE: W a ground must be astabished. seversl major power supply marudachrens moommend
the folowing procecure:

VWhere ecll conditions slow, drive tao ten oot coppar cad efesl rocs into the ground s
feat apart. Pour & copper sulfate or salt solution around them 1o improve the ground's
conchuction. Measure resistance between thesa rods. & nesr zerc resisiance messwrement
rcicates aarth ground B achismad,

Keap conrectons io this grounding metwork as shert as possible,

*An irdcrmathve articls on the subledd of Geounding and AF] Provention was recently published sy H. 0. Alealda, In "Sokd Biabe
Techrnoiogy? PUTT, Aped 1802,
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SENSOR CONTROL UNIT

.
SEMTINEL Il
{REAR PANEL
= EARTH GROUND VACLLMM SYSTEM

Figure 3.18 Typical System Ground Diagram
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SECTION 4
O MEASUREMENT &
1 ULEYBOLD INFICON CALIBRATION THEORY

Section 4 of the Sentnel Il Manual provides instructions for detesmining several of the Sentinel Il program
values. Il also conlaing seclions on measurement theory for thase interested in the evalution of optical
and quartz crystal monitors.

4.0 MEASUREMENT AND CALIBRATION THEORY

4.1 Theory of EIES Measurements

EIES (Electron Impact Emission Speciroscopy) s a system of evaporant excltation by electrons that uses
the optical intensity of the subsequent de-excitation as a means of process control B i based on
statistical atomic processes and has the advantage of material selecthity by wavelength discrimination.

It engenders a long life sersor due to the nan-consumable nature of its operation. Some characleristics
are further described below.

4.1.1 SENSOR PHYSICS AND CHARACTERISTICS

The EIES sensor shown in Figure 1.2 (Section 1) is a simple design that utlizes a single voltage alectron
gun that has an efficiency o driving 60% of the electrons emitted by the hot cathode flament through
the interaction volume to the Faraday cup collector. The purpose of the Faraday cup s to efminate the
excitations caused by the low energy secondary eleclrons produced from primary electrons stiking a
flat surface. The sensor is installed so that a porion ol the evaporant siream is allowed to pass through
the interaction region and leave without accumulating on the structure. Within this interaction volume
thete is an exchange of energy from the primary electrons Lo the oulershell electrons of the evaporant
aloma. This excess energy s dissipated by the evaporant aloms so afficted immediately emitting a
photen. This phaton ks characterized by a wavelength specilic 1o the material and the quantity of photons
pendraled al any specilic wavelength i govemed by the fcliowing equation:

Jy= {J-"&‘.Ihﬂu Whera

oy = number of photons emitted al Iransilion
= primany eleciron current densiy in Ampafcm
e = glechronic charge
M = evaporant alom density
Gy = excilation probabity for the transition
to at a fived primary eleciion energy for a given material

The photon m-r[;!kj ia directly proportional to the evaporant number density I the slectron beam current
and enargy are hald constant.
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i the evaporant sirkes a subsirale al right angles, the mass deposition rale par unit area, D, is given
by

D, = MmNV {gasuming a unit accommodation coefficient)
where V = awarage velocity of the particles directed toward [he subslrate

m = mass of the atom or molecule
N = evaporant density near ihe subsirale

For an atomic or molecular beam gererated frorm an ideal effusion source
¥a
v =34 (2RI,
where T is the absolute lemperature and K is Boltzman's constant. Then
- B m i
= 43 (BT O
In general, only a small fraction of the phofons genarated in the sensor are collected by the optical pipe
for detection. Losses also occur because of the comersion efficiency of the phototube and the optical
fiter tranamisaion efficdlency. These three factors may be lumped into a constant, (S), which varies from
gyslem |0 system. In general, 5= <1,
Conaiderirg the above, an equation for the system may be wrillen as
- Oy m '
1= a3 Omyo oy 4
Whese | is the number of photons comverted into an elecinical signal.

Further gimplification yelds
| = GO T where G = 43S( 51— O &

Thus, the Sentinel signal is related to the deposition rate and the sowrce lemperature. However, lor most
metals a source temperature change of 20% will resull Inamn rate: change of more than bwo
mdafsnrmgrmuja,ﬂm'}&nhmnTwimuInnﬂw:gaulT of approcdmataly 10%. Theredore,
mrmmymmmmﬂmﬁmnmwcﬂu&.MT dependance is usually included in the gauge
constant {G). In general, Ihe optical output signal can be considered linearly proportional 1o the depastion
rate,

|= G Dy
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Flease nobe that the pholons are emitted nearky without preference to direction, so only a small portion
of them are collected for use in signal processing. It i also Important to nobe that the eleciron beam is
not run ina DT mode bt is squarewsve modukated at 500 Hz, This modulation s important in the
elimination of any photons generated by thermal incandescence of the evaporalion source or ambient
background over the primary 200 to 500 nanometer wavelangth range of interest,

The simpliciy o this sensor iz exemplifisd by the absence of moving mechanical parts, the existence of
nﬂfwmamwm::mmmmaﬂmawnﬁemlmmmmmmwm sanaar mounting and
as a pathway for the pertinent pholons.

EIES & not in any way connected 1o the measurement of lonkzation curments. Akhough lonization takes

place it & an unnecessany and uninberesting process for the purposes of EIES. In this way It is distincly
dilterant from the so caled continuous manitors of the pasl.

These dewvices depended on the measurement of weak ionization currents which were often confused
by the copious numbers of charged paricles produced by the typlcal eleciron beam evaporator.
EIWH&IM&EMWWW&H elecirical element to strip away the charged particles

before Ihey anleraed the sensor. Bacause the jonization monitors do nol discriminate among the vanous
atomic species, thers was no way to do direct compaosition monitoring, Even more difficult to deal with
were the currents generated by the residual gasses. EIES generally is abde to nearly aliminats the gas
signals through wavedgngth discrimination. The ionization moniors required a mechanical chopper wheal
in order to sublract the cuments due to the gas from the curents due o the evaporants. This chapper
waa implemented wlilizing a motor in the vacuum chamber and it could never achleve compatibiity with
the ullra high vacuum emdronment. The resulting complexity of these jonization apparatus consumed
about ten imes the volume necessary to execule the EIES technigue.

Figura 4.1 shows the output of the EXES sansor or three very commonly evaporated materlals; Al S and
Cu; at athoed rate of 30 angelroms persecond. The sensor outpd is scanned slowhywith a manochromator
over the normally excited 200 o 500 nanometer wavelength region. Mole he range o inlensBies; fram
the very strong copper fransition at 324.7 nm to the group of weak sllicon transitions centered around
252 nm, is nearly an order ol magnitude, The other interesting feature s that although the potential for
interlerence exists, as it does lor any emission speciromaeter, in general these spectra are simple enough
that separation through practical wavelenogth discrimination s easily accomplizhed, Tha naturgl inewidths

of these ranskions (approodmately 0.001 angsirom) are signilicantly narrower than the alfordable pags-
band used to select them.
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4.1.2 SENSOR STATISTICS

The oparation of the Sentinel I is ulfimately limited by the statistical fluctuations of the pholons generated
try the inleraction of the efectrons and the evaporant atoms. Although the absolute value of the excation

cross sections are not known, an analysis of the process may proceed using approsdmeate values lor the
excilalion cross sections.

In general, the stafistical fuctuation is given by ("

where M = number of events per unit time {1/sec)
T = measurement fime (sac)

Eatimating Iha number of events detected is really a senies of estimations from the number of phatons
producad in the sensor, the colaction efficiency and finally the detection efficiency down lo the anode
current of the pholomuliplier,

The number of photons generated in the sensor iz governed by the equation in Section £.1.1. Typlcally
the Sentinel operates with 4 mA peak electron current which yields

I =1.02x107 amps-Sec L— = 6.38x10"%/Bec-cm?

e =16x10"9 amp-Sec

The atomic number dansity for copper accumulating at 10 Afsec may be estimated at 9= 109 atoms/em?
based on growth rate and a velocily based on the melting temperature of the material,

Thamlaumhmaquanmnma:nmmpmbﬂy Typical valusas range from 10°2C to as high as
10718 .om?, I & value of 107! Bmad.thalun]nmmducﬂallmswrﬂlmadmmanﬂmmm
i

Jy = (6.38x10"%8ec-om?) (9x10"Yem™ (107 em)
Jy = 5.74%10'"/Sec-cm?

The excialion volume in the sensar is nof, however, 1 f.ma. bt rathier with dirmensions of
1.1%0.85%0.4 = 0,37 cm®

Jj (sensor) = 2.12%10'%Sec

The next thing to calculate is the collection efficiancy. A typical value would be the light collected al a
aensn (o detector distance of 10 nehas (254 om),

The area of photo cathode exposed through the fier is 1.1 cm*0.8 cm = 0.9 cme,

4-5 SENTINEL Il



SECTION 4
MEASUREMENT & CALIBRATION

Since the oplics used is non-fecusing and the senscr radiation s near isotropic, the coliaction efficiency
Iz approximetety

0gem?  _ 04

Fenzs Ao BAxI0Y AL

Additionally, the filters used have a transmission efficiency of about 10% so the number of pertinent
photors reaching the cathode is approxdmately

" Jy(Cathods) = 212x10'%Bee  (111x10%)  (0.1)
= 236x1

Since the photo cathode used has a corversion efficiency of about 20% al the 324.7 nm copper line, the
anode statistics are as follows:

{anode) = 235x10%Sec (02) = 47x10%Sec
Ji

Since the measurerment period af the Sentinel (Il (s not 1 sac, but 125 ms, the expacted fuctuation simply
duse o slatistics s approximately

s S = - e

: - 1 = 1.3x10%

(4. 7x1040.125) (5.88x1

of simply = 1.3%

These results may be scaled to cbiain a sindar resulf for the speciic rales and apparatius o inlerast,
These results ignore the fluctuations (nokse) induced by photomulliplier dark current, source thermal
fluctuations, source generated light and electronic noise and are the best resulls that could be expected.

4.1.3 OPTICAL DISCRIMINATION

The preferred means of wavelength discrimination for production u=e ks the thin film optical fiiter, It has
the achrantage of being very smal, without adjustments and wery efficient in ransmitting the desired
wavelength at the exclusion of all others. The main disacvantages are that a spacid filter iz required for
each species and since the materals used in their construction ana by recessity hygroscopic, kong-term
degradation and ulimately lallures are experienced. The failure is characterized by a gradual drop in
sensitivity (due 1o loss of transmission) and often an increase in the Interference due to residual gasses
and alloy materiaks. The unforunale feature of this fallure mode iz that & takes place over several years
and the degradation is not noted untll it s severe. Typical specilication of these fiters are two canvily
halbwicths of 10 to 30 angstroms, central passband ransmisstons of 5 1o 30 percent and out of passband
blockings of rmore than fie absorbance umnits.
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4.1.4 CONSTRUCTION OF THIN FILM FILTERS

The cplical characienistics of thin film Inerderence filters are delined by the ordered relatianship of the
thicknesses and indices of relraction of the maledals used. The manufacture of filters with the charac-
teristics required for troubile free operation of the Sentinel Il often require cne hundred or mare individual
coatings. |n crder to obtain the required passband and Iransméssion, it is often necessary o use materials
that are hygroacopic, The precise thickness and index of refraction relationships of these fiims should
be prasened by minimiing theair exposure to air, of more specifically, moisture,

To extend the uselul Fe of the fiters, the composie substrale and deposited films are placed in a
siructure that maximizes the path that mosture must ravel o reach the sensitive films. This structure is
shown in Figure 4.2, While this construction enhances the expected e, degradation may occur after

long exposures in a high humiditytemperature emdronment, Optical filkers are covered by warranty; see
the Warranty Section for details.

CAUTION: To insure & maximum shel fife for the optical fiters # iz recommendced that they ramain in
v shipping bofies whan not in use. The condition of e desiceant showld be venited by
pesiadically checking for a blue color, Desiceant that has furmed pink shouwld be regensratad
o mplaced imrmecdisbely.

You may find & corvenient to keep large numbers of filters together in a karge desiccator. By keeping the
closad shipping boltles in a second humidily conrolled container, you will greatly increase the time
inlerval betwesn regeneration o replacement of the deslccant. Deslccators and desiccant may be
purchased from any of the major sciantific supply companiss.
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COMPOSITE FILTER

PERMEABILITY EPOXY

LOW  MOISTURE I—SLIS'I"H'.ATE JBLOCKIMNG FILTER

ALLMINUM  HOUSI NG

OPTICAL FILMS
SUBSTRATE

SECTICHM A=A

IHIFICE
L=-H

Figurs 4.2 Optical Filter Construction

Cleaning and Masrtaining Optical Filfers

There s no need for perlodic mainlenance of optical ers. If a filter ls accldentally soiled or finger printed
of an oplical surlace, immediale cleaning is recommendad, Soft, lint-lree oplical dolh and spectrogra-
phically pure isopropyl aloohol s suggested. In severe cases, the use of a mild delergent and a distilled

water rinse s advisable prior 1o the alcohol, Finger prints should be removed as soon as possible
becausa the residus can atch the substrates,

Since the oplical films are nol on the external suiface of these assemblies, considersble force may be
applied In the cleaning procass.
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Performance Verication

Despite the precautions taken in the manufacture of the lilms and filter assemblies, degradation of the
oplical parlormance can occur with ime. Proper operation of the Sentinel Il depends on separation of
ihe emission line of the material of interest from lines belonging o cosvaporated malerials and residual
gases. The. operation of the Sentinal Il wil, therefore, be directly affected by a degradation in the filer
perfarmance.

The status of an optical liter musl be determinad with the use of a speciropholometer 1o determine the
central wavelength, the shape ol the passhand and the edstence of any lighl keaks® outside the
pasaband,

To maka the required measurements, the specirophotometer must be able to measure e of--band
transmission which nomally exceeds 5 absorbance units and determine the central wavelength to + 34

Please contact Inflcon’s Service Department bo verify filter perfosmance at a nominal cosl.

4.1.5 MONOCHROMATOR CHARACTERISTICS

An alternate means of wavelength discrimination ls the tunable monochromator, |t s efficient over the
entire 180 to 500 nm range ol inferést, salectable for the wavelenath of interest, and may be secured at
that poinl. The bandwidih of the monochromator ls also seleclable from 1 to 5 nm (FWHM). The
throughput of the monochfemalor varies approximately as the square of the bandwidth, so you may
Irade off sensitivity for selecivity, depending on the paticular situation. The inherent scattered fight
spacilication of the double monochromator is even belter than the blocking specification of the liters.
Unlorunately, the real slze of the source somewhat reduces the seven absorbance unit speciication o
a practical five absorbance units, which approdimates the level achleved by the fiters.

4.1.8 CONVERSION OF PHOTONS TO ELECTRICAL SIGNALS

The Sentinel Bl uses a highly sslect Hammatsu R106UH photomultiplier 1o corvert the optical signal 1o
an Electronic cument. This PMT |5 selected lor both high conversion gain and low lluctuation noise. Uss
of the standard manufacturer specilcations will result in unsatisiaciory performance In many cases.

4.1.7 CROSE-5ENSITMTY PARAMETER

The Sentinel ll Cross-Sensilivity Paramelers slow you to eliminate interderence due o residual gasses
and other materlas. Interlerence ecours when an amission line ol the interfering species ooours near the

wiavetength used to monilor he matenial being deposited.
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The theory behind the cross sensitivity comection is exprassed in the following equations which assume
the: intesference ls onby due 1o a gas.

S1=kiMi + k2G
Sm=kmGE + k31

where: 51 = total Signal at Channe] 1
Sm = Tatal Signal at the Maonitor Chanmel
M1 = Number Density of Material 1
G = Number Denaity of the Interfering Gas.
ki, k2, k3, km = Instrument constants related o physical and optical considerations

Since the guantities of interest are M1 and G, we may solve the above equations &s:
M1 = (S1 - K2GMKI G=(Sm - k3M1Mkm

Then aubatituting:
M1 = S1K1 - (@KIkm)Sm - kaM1)

provided that k3M1 << kmG on the monitor channel, the term kZk1km{Sm - k3M1) can
be approximated to be CSm

whare C can be determined by expressing the rate signal at Channel 1 due to the intarfaring
gjees B A percentage of the monior channed signal.

To ensure tha validity of the approsimation, K2k1kmiSm-kaM1) = C5m, the “suggesied"
range for the Cross senaitivity correction ks 010 9.9%. Larger values are permitted. However,
a3 he % increases he appioximation degenerates,

Figure 4.3, ghown on the following page, Busfrates the crosa-senailivity commection parameter. The graph
i5 a plot of the ratio of thickness accumutations (Optical channel divided by XTAL channal) vs. the rate
at the monitor channe! due io Mirogan.

Contraling at 5 Afs of Tin, it is seen that without the cross-sensithly correction the optical signal dus o
Nitrogen interlerencs increases with Nitragen rate. Since the controller maintains constant optical signal,
less material i required at higher MNitrogen pressure causing a decrease in the thickness accumulation
on the crystal and an increase in the optical/crystal ratlo. With the cross-sensitivity correction, the
opticalicrystal ratio equals 1 through the range of Nitrogen rate,

An easy method of determining this constant is to cryatal calibrate sl the lowes! pressure using "0 lor
the cross-sensitivity constant. When the pressure increases to near maximum, mcrease Bhe constant
unitidl the optical and crystal channels are equal agaln,
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Th cross-sensitivity correction can also be used during a co-deposition where cross tallk occurs between
the two materials. In this application the signal of the second materal, M2, interfering with the signal of
the first materal, M1, can be eliminsted at channel 1 using the cross-sensitivity Channed 2 comrection.
While at the same tme Interference at Channel 2 from M1 can be eliminated using the cross-sensilhiy
Chanrel 1 comection. This allows lor accurate composifion measurement and control for both materkals,

As implermentad in the Sentined Il the cross-sensithity correction can be used to simultaneously cormect
at Channel 1, Channel 2, and the Mondior Channel,

4.2 Theory of Quartz Crystal Microbalance Measurements

The quarnz crystal's use as a microbalance is an exact and highly refined technology. The Sentingd )
uses the QCM (Quartz Crystal Monitor) as a means of rapld and acourale calibralion of single materials,
The basis of this procedura is outlined in the following paragraphs.

421 MEASUREMENT THECHY

Commercial quartz-erystal fiim thickness monllors have evolved in theee distinet slages: (1) requency
meaaurement technique, (2) perod measurament technique, and (3) z-match technique.

Ea:..rmtm_.r" used the quardz-crysta resonalor fo messure deposited fiim thickness which was later
developed Into a commarcial unit. The thickness requency used ks given by

Ty = (NgBgftifa?) fge) (1)

Ty = fim thickness {cm)

d,, = densily of quarz (2,648g/cm?)

dy = density of flm (glem®)

Ng = Iolq = trequency conatant for AT-cut quartz crystal (1.668x 10 Hz/crm)
I,q = thickness ol quanz crystal (em)

g = resonant frequency of unpiated crystal (6,080 10% Hz)

fe = resonant frequency of ioaded crystal (Hz)

Experiments have shown thal in ordes 1o keep the thickness measurement reasonably sccurse, the
msximum frequency shift allowable i mied o Mﬂdfq.

The period measurement technigue was used by the sscond peneration quarz-crystal thickness
manitors, with the following eqguation used for thickness computation:

Ty = (Ngdfdy) it (2

In this equation, I = 1/, and i, = 1/ are the periods ol osciliation lor the lnaded and original crystals,
respectivaly. For a small frequency ahﬁL Eq (1) becomes a good approximation of Eq (2).
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Although experiments demonsiraled thel Eq (2) i reasonably accurate for selected materials with
frequency shfts of up to 10% of g the theoretical justification of using Eq (2) for thickness computation
has been lacking. Tests on the validity of Eq (2) Indicate thal significant emrors begin Lo appear for a
majority of materials with ervatal frequency shift as small &s 5% of |, When the quartz crystal monitor is
used to measure the rate of deposition, the arrces in indicated time become even more serious, because
the thickness error s a time-varying function, and rate is the darvalive of thickness with respect to time.

Advances In crystal design and improved driving circuitry allow the quanz crystal to keep osclliating even
with very large amounts of deposiled material on & In many cases il is possible (o achieve frequency
mnnﬂm&ﬂwmmh.m.mﬁmwpmm mathemalical calculalions can be easily
perlormad with modem microcompauters,

Miller and Bolel® were the first 1o treat the quarkz-film composite as a one-dimensional compound
acoustical resonaton, Their resulls indicated that the elastic properties of the deposiled film should be
related to the frequency shift, & further study on their original sciution resuited n a simpler thackness
Trequency equation (n the form of

Ty = (Ngdg/meyi Z) tan™ @ tanfmil, - (AT (3

wihare

Z = (dopifcgi

h!haamﬂhlnwﬂmraﬁnﬁﬂwlwquMMnr daposited film and quertz crystal,
respectively. Eq (3) shows that materials with difforent elastic properties will cbey different thickness
frequancy refations. This phenomenon has been verified experimentally in our laboratory jor a number
ol mmﬁmaﬂmexpermm results demonsirated that i the density and Z-value ol the deposited
materal are known, Eq {3) s remarkably accurate in determining film thickness,

Another significanca of Eq (3) is that for the first time the validily of "period measurement’ technigue, of
Eq (2}, can be explained from a theaoratical point of view. Through a simple algebraic exercize, one can
easily show that Eq (2) is a special case of Eq (3) with £ = 1, or quarz-on-quartz.

The Sentinel Nl incorporates an approsdmated form of Eq (3) for thickness computalion. The acoustic
impadance rafio £ can be enfered into the inslrument as a separate material constand. A reproducibiy
of better than 2% for both thickness and rate can thus be achieved over a full 1 MHz shilt in crystal
frequency and £ rafios up to 1.99,

I Sauarbray, G.Z, Physk 155, 206 (1955).
2\iter, J.G. and Balet, [, J applad Phys 39, 4589 and 5815 (1968),
3Ly, Chih-Shun, J. Vae. Sel. Technology 12, (1975).
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TABLE 41 Table of Bulk Densltles And Z-Values For Common Materlals

MATERIAL SYMBOL BULK DENSITY  Z-RATIO
lg/em3
ALLMINUM ANTIMOMDE ABb 4.380 0,743
ALLIMINLUIM &l 270 1.08
ALUBIMLING OXIDE Mol a7 0,536
ANTIMORY Eh 6.2 0, maa
AFSENC As B3 =
BARILIM Ba as 21
BARIUM FLUORDE Bal 4 BBl 0783
BARILIN NITAATE BaMoCg 3244 1.260
BARILS TITANATE (CLERCH BaTily 8,035 0412
BRI TITAMATE [TETR) BaTiOy 5.5 0454
BERYLLILIM Ba 1.B5 0.543
BISMUTH B 2.8 a.407a
BISMLITH COIDE Bix0y BS a=s
BORON B 254 0.383
CADRATIM Cd B4 0,682
CADMILM SELENIDE CdSe B8 &
CADMILM SULFIDE Cds 4.83 1.02
CADIMILMA TELLURIDE CdTe 5.85 098
CALCEIM Ca 1,56 282
CALCRM FLLORIDE CaFy 318 0,775
CALCILM SLLFATE CaSOy 2,062 0.855
CARBON [DIARMOMDY C 352 0.2
CARBON (GRAPHITE) c 225 328
CERLIM (I FLLIORDE CaFy BB =
CERIUM (V) CHIDE Caly 713 i
CESILIM BROMDE Ciplfr 4 450 1.410
CESLIM CHLORIDE CeCl 3888 1369
CESILIM 00IDE Cul 4,508 1.542
CESIUM SULFATE CogB0, A 28 1.2
CHACHALIM Gr .20 0,305
CHRDMILIM I CXDE Cralq B -
COBALT Co 8.7 0,343
CORALT DXIDE Col) B.440 0412
COPPER Cu B33 0,437
COPPER (I} SULFIDE [Algha) CugB{Apha) LY .68
COPPER (I} SULFIDE (Bata) CugB{Bein] 58 087
COPPER (I SULFDE Cut 44 082
CAMOLITE HagAlFg - —
CYSPORESIIM Oy & BEQ 0805
BN Er a.0s o4
GADCLINILM G T.E9 oy
GALLIIM Ga 5.83 0.583
GALLIL ARSENIDE Gads 5.5 1.5
GERMANILIM G 5.35 0.5t8
GOLD A 183 0.381
IS Hi 13.08 0,34
HAFMILIN CXDE Hity g E3 Y
HOLURILAM Ho a8 0.58
INDILIM In 7.4 0.841
INDHUM ANTIMONDE InSh 578D 0,787

SENTINEL 1 4-14



SECTION 4
MEASUREMENT & CALIBRATION

MATERIAL BYMBOL BULK DENSITY Z-RATIO
{giema}
DI OXIDE IngClg 718 -
RO W 224 0,129
(= Fe 786 0.349
LANTHAMUR La E17 142
LaWTHANIM FLUCRIDE LaFy 504
LANTHANUM QXIDE Laly 5 =
LEAD Pb 113 113
LEAD FLLIORIDE PtFy 7.780 0661
LEAL SULFIDE P 7.50 0.568
LEAD TELLURIDE PhTe 8.160 0851
LITHiLIA Li .53 58
LITHILIM BROMIDE LIB 3470 1.230
LITHIUM FLUCRIDE LIF 2638 0778
LITHIUM HOBATE LikiOg 4,700 D463
RAAGHESILM Mg 1.74 1.81
MAGNESILUM FLUORIDE MgFa 318 0837
BMAGNESILIM DXIDE Mgl 5280 C.4BT
MANGANESE Mn .20 0377
WAMNGAMEEE () BLLFIDE Min5 158 094
MERGLIFY Hp 1346 074
MCLYBOENLM Mo 102 0267
HECOYMIUM FLUCRIDE Moy 6508 i
NECOVNLIM CXIDE MOy 7.24 -
MICKEL Mi 851 0.831
NI Mb 8575 D482
MICEILM (V) OIDE NbO 447 -
PALLADEIM Pd 12088 0.3
PLATINLM Ft 214 0245
POTASSIUM BROMIDE 57 2750 1853
FOTASEILM CHLORIDE KTy 190 205
POTASSIUM KDDIDE K R 2077
ERENLII Fs 21.04 045
FHODIIM ik 1241 1)
AL b 1,83 254
ALUTHENILINM Au 12,362 o182
SAMARILN B 754 O
SCAMDILMA Bg a0 0
SELEMILIM B8 412 0864
SLICON 8i 2ag 0.2
SILICOMN (1) CRIDE S0 213 (o
SLICOM DIOMDE (Fused Cusrz) Silly 220 1.07
SILVER Ag 105 0529
SLVER BROMIDE AgBir B.AT 1.18
SLVER CHLOADE ALl 5 58 132
SOOI Ma 0497 48
SODHUM CHLOFATE Mali0y 2164 1.565
SODIUM CHLORICE Mat: 217 157
SOOI FLLORIOE MaF 2788 0048
SO0IUM NITHATE MahCy 22 1,994
STRONTIUM FLUCRDE Sy 4777 a7
STRONTIUM CEXIDE B LR a.Ev
SULFUA 8 207 229
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MATERIAL SYMBOL BULK DENSITY  Z-RATIO
(g/cen3)
TAKNTALLIM Ta 8.8 D22
TANTALLIM () OXIDE TagOs, 82 0.30
TELLLIRHLBA Tm 8.2 og
TELLURIUM CXIDE Te, 5,690 0.862
TERB_A Th 827 066
THALLIUM m 11,85 185
THORILM Th 11884 0484
THORILM DXCHIDE ThO, .89 0,984
THORILM (W) FLUORDE ThF g B2 ==
™ 8n 1.5 0,724
TITANIM m 450 0.628
TITARLN [N CI0E TDE 426 040
TIVANILIM CBODE o 49 A
TUMGSTEM L) 18.3 183
TUNGSTEN CARBICE we 15.6 0.151
LIRAMIAY u 187 0238
LIRANILIN DHCHIDE LH:]E 10850 0280
URANIUM CXIDE UgOg 10.069 0,348
VAMADILIM v 5.96 0,530
YTTERBIUM Yo 5.98 112
YTTRILM ¥ 4.34 oA
YTTRILM OXIDE Eﬂ 5 -
anC 7.04 0.514
BNC CHODE Zno 561 0.556
JMC SELEMIDE InSa 526 o722
ZHC SULFIDE 208 408 0.775
MC TELLURIDE ZnTe 5,838 0.770
TGO & ES1 0,80
ZACONILM CARBIDE zC £.608 0.264
ZRCONILM OXIDE 205 5 600 008

Inflcon welcomes information from cur customerns on any Z-Hatios that they may have, beth from a
theoretical or empirical basis, Conlact our Field Senvice or Engineering Departments for inclusion of your
information in future printings of the lisk
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4.2.2 DETERMINING DENSITY

NOTE: Bulk density values are sulficlendy accurate for mast epplications [see Table 4.1).

Fobow the steps below to determine density vaiue:

1.

Place a subsirate (with proper masking for film thickness measurement] adiacent to the sensor, &0
that the same thickness will be accumulated on the crystal and this subslrate,

Set dengity to the bulk value of the fim material or to an approximats value,
Sad Z-ralio o 1,000 and tooling to 100%.

Place a new crysial in the sensor and make a short deposition (1000-5000 A}, using the manual
cantrol,

After deposition, remove the test substrate and measure the fim thickness with sifher a mukiptes
beam interferometer or a stylus-type profilometer,

Determine new density value with the following equation:

.
Density (g/em”) = Dy ﬁ

where [y = Initial density setting
T,, = Thickness reading on Sentinel Il
Ty = Measwred thickness

A quick check of the calculated density may be made by programming the instrument with tha new

density value and obsendng that the displayed thickness i equal lo the measured thickness,
provided that the irstrument has nol bean reroed betwean the test deposition and the antaring of
calculated density,

NOTE: Shight adjustment of dersity may be neceseary in order to achieve Ty = Ty
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4.2.3 DETERMINING Z-RATIO
A st ol Z-values for materials commaonly used Is given In Table 4.1. For other malerials, 7 can be
calcyulaled from the following fonmula;

Z = (dofic/dys™
= 8,834 x 10° (du)™
where oy = density (g/em®) of deposiled fim
g = shear modulus (dynes/om®) ol deposited fm
gy = density of quartz (orystal) (2.60g/om?)
g = shear modulus of quartz (crystal) (2.94 » 1077 dynes/em®)
(The densities and shear modull of many materlals can be found in a number of handbooks.)

Laboratory results indicated that the Z-values of materias in thin-fim form ara very close to the bulk
values. However, for high stress- producing malerials, z-values of thin fiims are shighily smaller than
those of the bulk materials. For appications that require more precise calbration, the lollowing direct
method ia suggested:

1. Using the calibrated density and 100% tooling, make a deposition such that the percent crystal lite
display will read approximalaly 50%, or near the end of crystal e for the particular materials,
whichever is smaller.

2. Place a new substrate next to the sensor and make a second, short deposition {1000-50004).
3. Detarmine the actual thickness on the substrate (s suggested in densily callbration).
4. Adjust Zratio value in the Sentine [l 1o bring thickness reading in agreement with actual thickness,

For multiple layer deposition {lor example, two layers), the Zvalue used for second layer is defermined
by the relathve thickness of the two layers. For most applications the lollowing three rules will provide
reasonable accuracies:

IF the thickness of layer 1 is large compared lo layer 2, use material 1 Z-value for both layers.
If the thickness of layer 1 is thin compared 1o layer 2, use material 2 Z-value for both layers.

It the thickness of both Layers is similar, use avalua for Z-ratio which is the weighted average
of the two Z values for deposition of layer 2 and subsequent kyers.
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4.2.4 DETERMINING TOCLING
1. Fiace atesi substrate in the system's substrate holder.
2. Make a short deposition and determine aciual thickness.
3 Caleulate looling from the relationship:
Tooling (%) = TF, = 11"‘_1-
X
where T,, = Actual thickness at substrate holder
T, = Thickness reading in the Sentinel Il
TF, = Initial tooing factor
4. Round off percent tooling o the nearest %

5. When antering this new value for tooling into the program, Ty will equal T, if calculations are done
property.

MNOTE: When calibrating tooling, we recommend that you make a minimum of three saparete runs.
Varlatiors in source distribution and other system faciors wil contrinute to slight thickness
varistions 1rom fin io aun. An everage vikee Ioofing factor should be wsed for final calbra.
tiona:

4.3 Theory of EIES Calibration

The Sentinel Il converts an optical signal generated in the sensor and then transmitted and fitered. into
a digilal readout which is displayed on lhe front panel, Because of the uniqueness ol each system in
providing quaniitative data, the instrument must be callbrated 1o a known reference. The parameters
Maﬁmmemlmmmmmemmuﬂlllsﬁﬁﬂymwﬂmmﬂ@mm are the
laliowing:

Strength of the emission transition(s) ()

Langth of the optical couplings

Varialions in mirmor reflectivity with optical wavelangth

Differences in transmission efficlencies tor various apfical filters

Varkations in monochromator throughput with wavelength

Varlations in monochromator throughput with varlations in slit-wicih (bancwidth)

Variation in overall earversion sfficiency of the photo eathede and eleciron gain of the electron
mutiplier in the photomultiplier tubes

Cwverall mechanical and electrical component tolerances

T emoapTe
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General Conslderailons

Sinca the Sentinel's sensor has access to only 8 amal porion of the vapor system, be sure that this
porticn & indicative of tha tolal process. Do nol placs the sensor at high angles 1o the source nommal, or
whede it may be screened or shullered by moving components. See Section 3.1.

When calibrating, be sure you understand the following tems and ther effects on calibration:

i

Large variations In pressure can affect calibration. The signals produced by the residual gasses can
add to the material signal; thus, the Sentine! signal can vary slightly as the material rate stays
constant, This variance can be minimized by the proper choice of fiters, or by choosing an emission
line far removed from the primary residual gas bands, (Contact Leybold Inflcon for applications
assistance.) See 4.1.7 lor corection.

Many times changes in gain which appear to be calibration drift are actually due to source distribution
changes. Distribution of most avaporators varies with bath the input power and the material level,
To minimize these eflects the following rules should be followed:

1. Minimize the distance between crystal sansor and the Sentinel sensor (if you are using a quartz
orystal monitor).

2. Fesap fluctuations of the evaporation pool height lo a minimum by using a wire feader for a

continuous process, of by maintaining the starting charge volume by waghing fof a batch
process,

3. Keep ihe beam spot position and size constant when using eleciron beam evaporators.

Before starting the actual callbration, be sure that the Sentinel has good scurce control. Widely
varying evaporator power levels change the source distribution and will alfect the callbration, Refer
to Section 2.8.4 for establishing rate control. Make sure the beam sweep requency is nol close to
the Sentingl IIl's measurement frequency (BHz).

The required frequency of recalibration s process dependent. Calibration stabilty of +3.5% has
been demonstrated over mary days for both continuows and balch coating, However, each process
i difterend and anly the user can determine the frequency of calibration necessary for a refisbie
procuct.

The calibration of displayved rabe 1o actual rate does not have 1o be a direct one-to-one comelalion, It
may be beneficial, In processes depositing low rates, o callbrate the instrument so that the following
refation is salistied:

N = Actual Rale = Displayed Rate

wheia N is any comvenient number, The added resclution will provide lighter rate control and
improved thickness accuracies,
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f. In processes whera the Sentinel Wl iz controlling alloy depositions, calioration is best achieved by
evaporating each element individually, Calibration Methods #1A and #1B (below) Incorporate this
approach. Melhod #1B requires anahytic laboratory lacilies to determine fim compesition.

CALIBRATION METHODS

The methods of calibration are the following:

1. Auto calibrate with crystal monitor. (Ses Section 2.7,3)

2 Witness slide analysis following the deposition.

The methed used depands on available squipment and the: nature of the process. For balch processes

imvoiving high-product cest and requiring a high degree of reliability, the ability o occasionally verlly

calibration on a batch basks s best provided by a shuttered quanz crystal manitos. For continuous: or
lpad-locked processes, an occasional calibration verilication of the product is suffickent If it can be done
within a reasonabile lime in relation to the evaporation; olhersise a shuttered crystal iz suggested.

Method 1A - Witness Slide Correlation (when Indiidual species may be evaporated)

This method is the most time-consuming, as wall as the most varlable. Amy method of thickness

determination in which you have confidence mey be used, such as step analysis, Eddy curments,

Intesferomelry of weight change. (Be sure of the lechnique's repeatablity prior 1o starting, to swoid

confusion.)

Im arder to accurately calibrate the systern by thiz method, you will need the fallowing (Fig. 4.1):

1. Ashutter inslalled between evaporant source and sensor'slide location,

2 Autcrnalic shulter control to Insure that the thickness reading on the Sentinel is zerced at the time of
shutter opening.

3. Smeoth rate controd by the Sentinel during the time the deposition is procesding,
The procedure for calibration ks as follows:
1. From the trial deposition determine:

a. Proocess lime

b. Sentinel thickness accumuiation
. Achusl coating thickness from one of the abova mathods
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2 Calculate
a Aclual rale by dividing the actual thickness by the process time
b.  Apparent (Sentinel) rate by dividing the Sentinel thickness accumulation by the process time

3. Perform the calibraticn by noting coarse and fine optical gains and adjust using a linear assumption
- Giain changes between PMT Ranges are as lollows:

Gain

1

- a3
= 10
- X
100
= 30
- 1000
300

:

e T T T e
i

TII.‘I'l!linﬂia}ﬁ:ﬁtﬂnmIEM.MWMMWWMM.HW,HHWWm
s greater than 50%, the callbration procedure should be repeated,

Example;
H the Sentinel Il reads 20004 when the standard reads 25004 and the PMT range is 3 and
fine gain Is 1.200, the new gain is oblained as follows:

Mmgm=1,mnf-%”5‘:}1u1.ﬂm

Method #1B - Witness Slide Correlation (where anly the alioy is available)

When it is rﬂl&aﬂﬁﬁmﬁmﬂklhBinﬁiMﬂEMﬂanaﬂw, an indirect method of chemical
comelation must be substituted. In addition to knowing the Iotal accumulated thicks .., you must have
infarmation describing the refative portions of each species,

The problem of calibration in this case iz that adjustment becomes very dependent on the accuracy and
repeatability of Ihe analyfic technique. The best results are obtained when the technique has been used
consistently and reasonable bounds have been established for ks accuracy. Even the mosl consistent
anahtic techniques can have Inaccuracies in excess of 5% for each materlal.
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In the following calibration procedure, the symbols used are as Ioliows:

CH 1 - Apparent Sentinel accumulation for Material 1 (A)
CH 2 - Apparent Sentinel accumulation for Makerial 2 (&)
M1 - Mass ol Material 1 as analyzed (g)

M2 - Mass of Material 2 as 8 {g)

D1 - Density of Malerial 1 {g/cm

D2 - Density of Material 2 (g/cm

A - Total deposited area analy?ed |

Lising the sef up as in Method #14, conduct a trial deposition.
1. Determine

a. process lime from a stopwatch of the time elapsed indication from Sentinel

b, apparent hickness accurmulations on CH 1 and CH 2

¢, the true mass of each componant (M1 and M2) as measwred by the other analytic technlgue
2. Comvert the mass (M1, M2) of each component to & thickness by

a dwiding the mass of each componant by the areas analyzed

b. dividing the reault by the denasity of each component. This gives an answer which |2 in uniis of
thickness, d jcm)

= L [mutiply by 1 x 10% o comvert to (A)]

¢, dividing the result (b} by the process ime to determine a true rate lor Maternial 1
d. repeatng steps (o) through () for Malerial 2
The Sentinel may now be callbrated using the technique for individual elements.
Converting Thickness Indications to Other Useful Quantities
Lommon vacuum metallurgical practice dictales the expression of a film coating thickness In units of
angstroms (A). This naturally leads to expression of rates in Unila of angstroma per seconds (Afs).

However, there ana other common expressions for these paramaters, such as microns per minute (min)
or thousandths of an inch per minute (mil/min).
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Comversion formulas uselul for the Sentinel

Thickniess
W - 10,000 A

1mil = 254 x 10°4

1 = 305x109mi
Rats

14/ iy = 1667 Ms

imifmin = 423 x 104 s
min = 385 x 10 mimin

It is sometimes necasaary 1o relate a thickness ralio on the Sentinel to other materlal parametess such
as atornic percent or mass percent. Alomic parcent may be defined as follows:

M1
N1 + N2

x 100%

Atomic percent of Material 1 =

withere:

M1 = number of atoms per unit volume of Material 1
M2 = number of atoms per unit volume of Material 2

The atomic parcent of a Sentinel-produced binary alloy which has been calbrated in common units may
be computed quickhy if the density and molecutar weight of the bao materials ane knosm

The sverage compostion may be computed by the ioliowing method:

D1

M1

Atomic percent Materlaly = 100%:
=TT+ 1202

= wamsomr

M1 M2

where:
T1, T2 = Sentinel accumulated thickness for each malesial

D1, D2 = densiy of Material 1 and 2 respectively in gm/om”
M1, M2 = modecular weight of Material 1 and 2 respeciively in gm-mioke
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4.4 Procedure for Zeroing the EIES Sensor Signal In the Sentinel 1l

The following procedure ks for zeroing the Rate display tor Channels 1 and 2 and the Manitor Charnel of
the Sentined [0 when using the EIES sensaor,

HOTE: Tha instnement should b= tumed on and warmed up for 15 mimnees,

As there may be a slight offset between PMT RANGESs (calibration gain parameter located in the film
program), the instrument should be calibrated to the corect PMT RANGE prior 1o zeroing the unit. [l many
be benelicial to ahort the unused signal inputs ales, as this will reduce nolse entering the SCLU,

All the polentiometers referenced In this procedure will decrease the rate on the display when turned
chockatsa and Increass the rate when turmned counter-clockwize,

Before applying high voltage to the phatomultiplier tube (PMT), black off all ight entering the PMT.
This can be accomplished by placing an opague material in front of the optical fiter and threading
the PMT back onto the optical feedihrough.

Connect the cable from the Sentinel Il Console o the ST and all the signal and high voltage cables
trom the SCLU to the photomuitiplier tubes. (Mote: If you have only a single material Sentinel Il & I
nat necassary o connect a phatomultiplier tube to the unused signal inputs. )

With the emission off, adjust potentiometer RSE unlil the display reads zenc on the Rate display.
Potentiorneter RBS is located in the SCL on board numiber T53-310. I all three channels do not read
the exact same rate, make the adustment so that the Monitor Channel reads 2efo. Il you are not
using the Monitor Channel make the adjustment so that Channed 1 reads zero.

HOTE: In some neswer mocel Santinel S0 the potentiomater RED is accesslble via & hole In the
SCU b, Te eocess this pot, remove the cap plug closest to the top of the SCU, (Le, the
ten i the side with the Censcle Imerace conmector, J3). H it & mecessany to remove tha
sichas of tha 50U, care must ba taken o shisld the elschonics from stray sleciromagnadic
fialds, which may cause a smal volage on the signal inpus,

If the Rate displays are not all zem, each individual channel can be adjusted. If you afe using the
Monior Channel as your ralerance 2emo, you may have to adjust Chanmels 1 and 2. If you are using
Channcl 1 as your reference you may anly need to adjust Channel 2. Potentiometers R24 (CH, 1)
and R46 (CH. 2) are located in the 30U nesr the location of RBE. Again, these pots may be accessad
by remouing the cap plugs located in the vicinity of the cap plug for R88. The polentiometer 1of
Channel 2 lies closest to RSE, whils the pol for Channel 1 is immedialety to I right of the: pot for
Channel 2.

Mend, with the emigsion on | adjust polentiometer R11 on the SCU CNTL board, [ocated In the
Santinel Il Conscie, unlil the appropriate channel reads zero.
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6. If a very accurate zero ls required (usually only f depesiting at very low rates) @ is besl 10 lake
thicknees accurnulations of 1 o 2 minutes. As the thickness Is the integral of rate, very fing
adjustments can be made by also ensuwring thal thickness is zero over lime. With care I should be
possible to achieve a thickness accumulation of 1 or 2 Angstroms In 2 minutes.

4.5 Theory of Quartz Crystal Calibration of EIES

In Figure 3.1 (Section 3) a shutterad CCM s shown near o the sensor and is used for calibration of the
instrument. In this newer generation of instrumentation the calibrefion of the oplical signal may be
automatic. The Sentinel Il is capable of exchanging information from the crystal and EIES sensors. The
crystal provides absolute measwre of the deposition rate; the EIES provides a redative measure of the
depoaition rate, This information exchange s usad by the Sentinel [l 1o determine the calbration factors
(fne and coarse gans) allowing the instrument o be used quantitatively, The shutter that Is placed over
the crystal is open only as long as is necessary 1o gather sufficient frequency shilt to allow computations
tothe required accuracy. This procedure need lake only a few seconds at deposition rates of 4 angstroms
par second or more bul for maxdmum accuracy a 5 second period of thesmal stabiization of the crystal
is allowed prior Lo the dala laking Interval. This procedure ks able 1o be initiated &l any point of the
deposition so that B may be used to veriy the callbration. For co-depositions from separate sources, the
GCM is unfortunately not material selective and s thereby not useful for aloy deferminaltions, except
prict 1o the combined evaporation. Price to the combined evaporation each malesial's EIES signal may
be separaiely callbrated o the crystal. Then during a co-depesition the EIES sensor, which I8 material
specific, can control both matedals simultaneously. Since the vapor densities of the co-depoaited
materials are sufficiently dilute thal matrix effects are not present, the only interference which may ocour
is from optical interferences, These simple optical inlerferences are direclly proportional to the vapor
densities and therelore are easlly sublracled using the cross sensitivity parameters.

Oinca the optical signal |s exdracted, converted to an electrical signal, and quantified through calibration,
the Instrument performs the mportant task of rate control. Cne of the inherent advantages of EIES 1s that
it Iz a rate sensing fype of instrument. Unlike the GCM which Is a thickness sensaing Instrument that
differentlates the successive thickness to derive rate, the Sentinel inlegrates the rale o determine
thickmess.

4.6 Calibration Algorithm

The following algorithm is used by the Sentined Il to do the Quartz Crystal Calibration:
1, Open crystal shuttes,

2. Deday & seconds,  (Wall for crystal reading o siabilize.)

3, Setcounter o Zero.

4. Accumulale optical thickness and crysial thickness until
crystal thickness > (J00ATOOLING)(DENSITY x CAL ACCURACY)
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ABS[(crystal thickness - optical thickness)
Jerystal thickness] = CAL ACCURACY

caunter < 2, exil.
(Optical sensor already in calibration - won't change.)
6. Increment counter,
7. HNeounter = 1, goto 4. (Try again.)
g

ABS[(previous optical thickness - oplical thickness)/
previous optical thickness] > CAL ACCURACY, golo 4,

{Not getting consistent optical readinga so keep trying.)
8, Calibration value = fine galn x (onystal thickness/optical thickneas),
10. i
5 = = calibeation value < = 2.8
then
fing gain = callbration value, Bl
11. I calibration value = .5, decrement PMT range. Go to 3.

12 If calibration value > 2.5, incrament PMT range. Go o 3.
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5.0 MAINTENANCE AND REPAIR

WARNING!!!
POTENTIALLY LETHAL VOLTAGES ARE PRESENT WITHIN THE SENTINEL [ll WHEN THE LINE
CORD 1S CONNECTED. CERTAIN CONTROL VOLTAGES MAY ALSO BE PRESENT AT THE I/O
RELAY MODULE CONNECTOR. DISCONNECT THE LINE CORD WHEN REMOVING, INSTALL-
ING, OR SERVICING ANY COMPONENT OF THE SENTINEL NI INSTRUMENT. REFER ALL
MAINTENANCE TO QUALIFIED PERSONNEL.

CAUTION: The Santined il contains delicade sirculty which is susceptible 10 shock coused by slectrical
shaming, Disconnect the ke cord when making army inleface conneclions of performing
ary Imarna sandos an the Serdires! 1. Befar all madctsrmnoes o gusilies parsanns,

Senzors which may ba used with the Santinal Il includs:

Standard fw'wo Shutter)
Compact (w/iwo Shutter)

UVH Bakeabile (wiwo Shutter)
EIES

5.1 Crystal Calibration System
51.1 TROUBLESHOOTIMNG

STANDARD, COMPACT, AND BAKEABLE SENSORS

SYMPTOM CAUSE REMEDY
I large umpe of fhickness . mode hooping dus o de- a replace crystal
reading during deposion betive cryatal

orysial near the end of ils
life

goratehes ar lofeign par.
tales on the crystal holder
sealing surfaca

repi o cryskal

chean ar polsh the orystal
gaating surlace on the

cry=tal hodder

MOTE: Crystal ife is highly dependent on process conditions of rate, power radiated from source,

&1
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it reacheas its "normal® lite

rial fram the evaporetion
BOUrCE

SYMPTOM CAUSE REMEDY
2. cryslal cesses tooscllate crystalis baing hit by smadl use & shuter o shiekd the
duiring deposition balore droplels of maten mete- gensor during inkial pe-

riodd o evaporalicn; mowe
thee sanzor furiher away

of cacilistes nlammittenthy
{both in vacusn and in
ary

crystel

mietence ol elecinical
ahort or poor alectrical
wonbects

diafeclive crystad changa crysial
buill-up malerial on edge chasn the crystal holds
of crystal haldes foliching
crystal
miataral on crystal holcker chean cryslal holder
partially masking full crys-
el &iea

3 crystal doss ol oscilate deleciive o damaged reglece crystel

check for elecirical conti-
nuky and shof F-sensor
Gable connector, contact
eprings, and the connect-
ingwira inmide the Seraeorn
check 1or electrical santl-
nuky in teedthroughs

crystal oecilates when n
vacuum, but stopsoacila-
tion after opsen fo alr

cryetal was naar the and
of itz life; opening to air
causas  fim  coddetian,
which incmeasas  film
e

ECeRhe mosiune accu-
rrudation on the crystal

replace erystal

twiri off cooling water to
senscd balone opaning i
o ar

theckness reading to ce
crease) and after the ter-
mination ol deposition

crystal s not properly
shatod

check and clean crystal
saating aurlace of the
eyl Pacrodm

fcondinued, )
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SYMPTOM CAUSE REMEDY '
5. ..continued b. excessive heat input fo b. i heat is due to radiation
the cystal fram  fhe  evsponation

SOLITCE, Mol pangor fuf-
ther away from sourca
and usr spiisring crs-
tals for baiter thermal sta-
ity i the orystal heating
| i cus o erergelic seoon-
| dary electrons, change
reguak sensor io & Sput-
befing sensor

e, nocooling water e check coolng water flow
rate (refer to speciflca-
tions Section 1, for the
e of sensor used)

6 poor thickness rapro- a  oralic sowce amiEsion .  movesensofica diemenl

dusikslity characiarstics Iocation, check  the
evaporelion source ior
proper operaing condi-
bone; [neure  redathely
corstant podl height and
awodd tunnsiing Into the
mlt

b materlal does not adhers b check tre ceaniness of

1 the crgslal He  orystal  surfaos;
evaporate & layer al
proper material on the
crystal jo mmprove adhe-
gion. Use siver coalad
&putiening cryslals o bt
ter adhestonof Dielectrica

£.1.2 REPLACING THE CRYSTAL

The procedura for replacing the crystal is basically the same with sdber the standard, compact, or
bakeable senzor. Belore you begin, please obsarve the folowing precautions:

CAUTION: Alweys use clean mydon lab gloves and plashie fweepers for handiing the eneséal (o aaid
cerisminaion which may lesd to poor sdhesion of e fim o the alectnodse).

Do not rodate the cormmic meiainer assembly affar it s sealed fas s will scraich the crystal
alacirocs and Causs poor CorEecil.

Do nol use mcassive froe when handing the ceramic netainer assembly since ¥ can ba
Brcker,
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MNOTES: Cestan materials, especially dislectrics, may nol adhere strongly to the eryetal surfacs and
iy cause erratic readngs.
Thick depesits of esma materlsls, such as 50, 5, and Niwill normally pes| off the crystal
wihen Il 2 expecsd b alr, as & resut of changes in fim atress caused by gas absorption
When you cbearve pealing, chanoe the crystals.

STANDARD AND COMPACT SENSORS

Fallow the procedure below to replace the crystal in the Standard and Compact sansor.

1,  Gripping the crystal holder with your fingers, pull R siraight out of Ihe sensor body,

2. Genlly pry the cryatal retaines from the holder (or use crystal smalcher; see Figure 5.4).
3, Tum the retainer over and the crystal will drop out,

4, Install a new crystal with the pattermed electrode face up.

5. Push the retainer back into the holder and replace the holder in the sansor bocy.

Figure 5.1 Standard Crystal Sensor {Exploded)
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SHUTTERED SENSORS

Thera is no difference in the crystal changing procedure batween shuttered and non-shuttered Standard
and Compac! sersore, sinca the shuller pivats sway from the crysta opening in the relaxed stale.

BAKEABLE SENSCAR

Thee procedure (s thie same lor the Bakeabls sensor as the regular crystal, except that you must fist

unlock the cam assembly by flipping it up. Once the crystal has been replaced, place a flal edge of the
hiolder flush with the cam mechanism and lock it In pkace with the cams (Figure 5.2).

@ CRYSTAL HOLDER
\ / (1PN DOF=154)

CRYSTAL
FULLY COATED FACE {IPN 008-010]

CAYSTAL RETAINER (IPH 0OT-084)

CLAMPING SPRING [IPN 0O7-084)

CAM MECHANISM
(1PN DOT-158)

COVER
{IPM G07=101)

Figure 5.2 Bakeable Crystal Sensor (Exploded)

55 SENTINEL 0l



SECTION 5
MAINTENANCE & REPAIR

STANDARD CRYSTAL HOLDER
(1M DOT-0&3)

CRAYSTAL
{1PH DOB-01109
FULLY COATED FACE

CAYSTAL FETAINEA
(FPH DO7-Ce3)

COMPACT CRYSTAL
SENSOR BODY
[1PH GOT-2400

Figura 5.3 Compact Crystal Sensor (Exploded)
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Il you wish to use the crystal snalcher suppied with the sensor, Tollow the instruclions below:

.I

Inzert crystal snatcher into ceramic retalner (1) and apply a smel amount of pressure. Thig ocks the
retainer to the snatcher and aliows the retalner fo be pulled straight out (2),

Re-ingzert the retainer inte the helder alter the crystal has been changed.

Release the crystal snatcher with a shght side-to-side mation.

i & @ @

Figure 54 Replacing the Crystal

5.1.3 DUAL STANDARD CRYSTAL SENSOR ASSEMBLY INSTRUCTIONS

Minor disassembhy of the Actuator Assembiy s required [o adjust the Shiutter Modiule.

1.

2

Digassemble existing assambily,
Lubricate 125 diameter shiall hols in sansor body with molybdenum disulfide or equivalent lubrdcant,

Mount piston support assembly in bore of actuator assembly, utiizing two (2) #4-40x.38 long
stalnless steel haroware.
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4. Placa two [2) stalinless steel spacers on (o shall assembly,
£, Pass shaft assembly through 126 hale from backside of sensor body.

6. Posilicn roll pin that protrudes from piston support assembly into 086 diameter hole en backside of
sansof Doy,

¥ Fotate actuator assembly unill the 062 diameter pin of shall assembly engages the noncounteraunk
side al hale in plston support assembly. Secure aclualer assembly to sensor body utilizing bwa (2)
#4-4 625 long stainiess steel hardware.

8, Allach shutter to and of shaft assermbly. Position shutter for proper coverage of cryslal nearess!
waterline, Actuate shutter to datarming coverage of second crystel; readjust shuller # necessary to
obtaln oplimum cavarage lor bath positions.

Refarence Figures 5.5, 5.6, and 5.7

NOTE: Lubricalion procedure should be repeated after approdmately 2,000 shutter actuations
Faiure to lubricate may significantly recluce e of cpsastion of cause assembly to become
teally inoperative.

Figure 55 Dual Sensor
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Figure 5.8 Dual Crystal Sensor

Figure 5.7 Dual Crystal Sensor (Open)
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5.2 EIES Sensing System

The nesd for pericdic maintenance k& generally restricted o the sensor emifter assembly and the optical
window located in the feedihrough. The need for maintenance iz highly dependent on process specifics
and must be established in the field.

521 EMITTER ASSEMBLY REPLACEMENT

NOTE: The emitter assembly tsell is not considersd & repairatile Rem due 1o the necessty for
special 1ooling and fbaures,

Whie average flament life s approximately 1000 hours, process parameders can affect this figure;
therefore, a roudine senice schedule should be established for each installation. Before vou replace the
amitter assembly, please read the general precautions listed below:

1. Turm the instrumant power off before remaving the sensor from the vacuum systam.

2. Be sure the sensor is replaced In the exact location and orlentation as before fts removal. (This wil
minimize the calibration error expenenced on the first run after the replacernsant.)

4. Put a ight, fresh coating of graphite (IPM 002-175) on all screws removed from the sensar belone
replacing them.

4. Foliow slandard vacuum procedures to prevent emitter contamination by improper handiing.
Folow the steps below to replace the emitter assambly;

1. Unpiug the in-vacuum cable from the sensor connector pins by grasping the connecior body and
pullng with & slight rocking motion.

2. W necessary, loosen the clamping ring at the end of the optical tlube to remove the sansor from the
VECLILIT System,

3, Careluly pry the cover off the sensor housing.
4. Remove the two #2-56 hex screws which hold the emitter assembily and name plate in place.

4, Checkthe general mechanical condition of the assembly belore you inslall the new amitter assembly,
Remove excess evaporant and flaking if necessany.

6. [Install tha new emitter such that the connector pina are cantared in the housing siot and the apenure
plate iz paraliel with Ihe Faraday collector,

7. Beplace Ihe sensor cover.
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8, Check the resistance between the emitter connector pins (approximatedy 1 ohm), and between one
pin and the sensor base assembly (-). Lisa tha highest resistance range when checking beheeen a
connector pin and the bass. Use the lowest whan checking between connector pins.

It there is cortinuity betwesn the basa and the connector pins, check the position of the emitter
assembly.

if there & no continuily betwean the connector ping, the lament is open.

5.3 Optical Windows

In some deposition processes, materal may diffuse or migrate wp the oplical coupling and depasil on
the window located In the feedthrough, This resulls in a gradual loss of sensilivity and a corresponding
calibration drift. if a noticeable loss of sensitivity is evident after a long period of heavy evaperalion, and
this Is mot restored after the emitier is replaced, cleaning may be necessary.

1" Bolt Feedthrough (016-230-G2) - This uses a fused, UV GRADE Quartz disk that is sealed by Viton
D-Rings. The window may be cleanad by acid elching of palishing. A replacement window may be
ordared under IPN 016-252-P1,

1-2/3* ConFlal Feadihrough (016-390-G1) - This uses a LV GRADE Sapphire window that ks high
temperature bonded into a 1.33" ConFlat flangs. The suggested cleaning method is pofishing. The
replacement window may be ordered under 1PN 009-DET,

CAUTION: Bae camful not fo serich or chip windows, of 8 meulant iass it imnsmission may ocow, n

af cases, fha fnel cleaning should be done in estramaly high-purlly sohenf fo prevent
affenuabion of shoder wavelangths,
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Figure 5.9 Santinel Iil Sensor
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5.4 Optical Filters
Reter to Section £.1.4 (pg. 4-8) for detalls peraining to cleaning and maintaining optical filters.

5.5 EIES Sensor Troubleshooting Guide

SYMPTOM CAUSE REMEDY
Emizsion Erfor Magsans Electrical "shon' or "open’ condi- Check continuity o ksolation for
tian EIES senmor and in-Vaouum
Cable
W leak or 50% leak message IngLilators in the EIES assembly Replacad or rebuic amilter ag-
are coated eEAmbhy
In-Vacuum Cablo is rof Esoiabed Check isolalion of cabie
from GHND
No signal &t rmasdrmam gain Material not passing through Check placement of sensor and|
sensol possble masking See Section
an
Mﬁwcmwmmoq Chack signal cable
channal an SCU
incomect wavelangih baing Check Thin Film Fiter place-
moniohed mant and wavelenglh—ase
chart p.1-13 or adjust mono-
shecrmeton
iOiptical windkow coated Clean wirdow see Bection 5.3
Sgral altenuation too grest Sea Section 3.1 2 and Section
A2
Fibaroptic s brokan Sea Secton 332
Cuartz fight guide broken Feplace cuartz Tght guide
Moy Signal Contro! loop iz not optimized or Tune control loop, ese Section
controd loop oubouwt wakage not 254
optimum
Sea Secton 31,2 and 3.3 7 for
PMT Range = B eptimizing EIES signal
Melt not conditioned properly Condition madt to recucs oxides
of eiminate rapped gases
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SYMPTOM CAUSE REMEDY

Eleminabe thermssl shans

Cepositing a refractony metal Use opdical light shisfd, Ses
Sedlion 3,15

Wrang Thin Firn Fiter ar no Fil-

trt Check Thin Fim Fiter

Large Dither o slow swesp on Reduce Dither ar increass

e-baarn source which ls causing swaap frequeansy
baating wilh missurermenl rg-
Quency

Fisseam lightt enbering plotomuli- Check for light leaks around
phiar tube or entering EES san- EES sangsor and PMT

sor light pipe
Chick iof an opening amund
the fght pipe
Inconaistant Calibration with re- Gas nterferanca LUee cross-sensiiivity cormection
spect bo XTAL
Matarial pool height varaticne Replanizh source Yo mantain
pocd height
Beam postion moved Recaliorankeen beam position
and sweep irequensy constant
6.6 Zero Offset Drift

i you experience & zero rale ofiset problem, make the tollowing adjustments while the PMT signal
cable iz disconneched

1.With the emission off, adjust palentiometer RS (on Z-24, which functions & a dilerential amplifier) wnti
the zero offset on the screen ks eliminated,

2.With the emission on, a small zero offset may once again be obsenved. Adjusting A11 will change the
bias on the amplifier inputs and will consequantly enable you to eliminate the rate offset caused by the
emission current,
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6.0 SCHEMATICS AND MODULE THEORY

Section & includes delaled information and schematics for the Sentinel Il electrenic circultry,

Modulea are discussed in the loflowing order:

Sentingd 1 Intarconnection Diagram

SCU Interconnection Diagram

CPU Board (753-362)

Video Board {017-322-G1)

Relay 'O Board (017-442-G1)

Power Supply Board (017-382)

Depasiton Control Board (753-332-G1)

Systern Control Board (753-342-G1)

Prearmnps and Detactors Board {753-312)

AE Sensor Regulator (753-322-G1)

[EEE-458 Communications Board (01 7-430) (Optional)
Filter Changer Caontroller Board {753-352) (Optiona)
Interconnecting Cables

The Sentinel lll System Dlagram illustrates the basic relaticnship of modules within the system,
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Figure 8.1 Sentinel lIl Block Diagram
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6.3 Central Processor Board (017-332-G1)

The CPU board controls the entire operation of the Sentingl Ill. The program contained in ROMs 72
throwgh 25 is interpreted by the Z80 CPLU, which directs the instrument's activity. Static RAMs Z6 and Z7
are the operating systerr’s variable storage area ('scratchpad RAMT). CMOS static HAM ZB has battary
backup to malntain program variables and data during powear off conditions,

Address, control and data buffers 221, 225, 232 and Z33 provide Isolation betwesn the CPU and the
cther boards in the unit. 214 provides the CPU and Baud Rate Generator clocks. Memary address
decoding is done by Z16 and Z17, while /0 decoding is accomgplished by chips 29 and 217.

Serial eommunications are handled by 222, which provides two FS-232 ports. The miain part {A) (s used
for wo-way communications, while the audiary port (B) s used for a serial plotter. Interrupt conérol and
system liming are perlormed by Z31, which is a 280 Counter Timer Circult (CTC). Keyboard entries are
handied by 728 and 729 which are 740023 keyboard decoders.

Three power supplies are used on the CPU board, they are +5, +18, and -18 volts. The +18 and -18
volts are regulated down to +15 and -15 volts by VR1 and VR2 for the RS-232. The +5 volts Is used lor
Vee and to charge the CMOS RAM backup battery.
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Figure B.4 Central Processor
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6.4 Video Generator (017-322-G1)

The Video board contains its own 280 CPU and memory, which allows it to free run without the CPU
board. Im arder for the CPU board 1o commumicate with the Video board, a DMA (Direct Memory Access)
made has been establizhed wsing a common RAM called the "ideo Maibox”, Since the main CPU dees
not have ta contral the video functions, 1 iz free to perform cther tasks faster and more afliciantly. ROM
214 confaing all the video operating fimmware,

The Video Malbon® ks contained In a single CMOS static RAM (Z19) which can be accessed by both the
Video CPLU and the Central Processor CPU with difierent addresses,

Mast of the Video display is perfarmed by 22, which is a CRTC (CRT Controller). This chip generates the
vertical syne (W SYMNC), horlzontal (H SYHC), and blarking (BLMNK) pulses.,

The data 10 be displayed s stored in dynamic RaMs 23, 77, Z10, 716, 723, 224, 728 and 734, Thiz data
can be accessed by both the CPU and CRTC by controfing address multiplexers Z20, 721, Z22 and
227, The dynamic memorny timing is provided by 225, 726, Z32 and 233, Video data is cornverted lo dots
and shafted out by £15, These dobs are comibined with the sync pulses by 218 and sent out through OH
and G2 as a composie video signal,

=R 1

zl s e

o m"‘..m..._ -
— ST SYNC TN RE
I2T I3 I3 IB3 708 TOE

Figure 8.8 Video Generator
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6.5 Relay /O Board (017-422.G1)

The Relay O board provides you with a means of cblaining data from, and remaotely controling the
Sentinel I,

The Instrument Stalus relay (K11) s energized when all condiions are met for making valid data
measurements.

The Refay [/ board has twelve (12) inputs used for confroliable lunclions,

The electronic circultry consists of the following: The inputs are sofated from the ayvatem by bvelve (12)
optocouplars, £12 through 723, Thase isolators require an AC or DG voltage between & and 24 YAMS
to be activaled. These couplers are read by oclal lalches 74 and 28, Relays K1 through K12 provide
outpud informalion, and are controled by relay drivers 23 and 78, and octal keiches 22 and 75, The data
s read to and from the board via octal bus transceiver £1, which isolates the board from the syatem data
bus. Address decoding and bus control are handled by chips 79 and Z7 respectively. An on board 10
valt DT ground referenced supply conssting of 01 and 02 & provided for use when an external power
sourca is not avaiable.
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Flgure 6.8 Relay |/0 Board
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6.6 Power Supply Board (017-382-G2)
The power supply generates the § voltages needed for proper operation of the Sentined [

1. 5 @ 4amps lor Loge

2. 12V @ 2.5 ampslor the CAT

3. 24V @ 2.5 amps for the Emission Reguilation Circuiiry
4, +18V @ 350 ma for the Linear Circuils

5 18V @ 350 ma for the Unear Ciroults

The &6, 12, and 24 volt regulators all are driven from an unregulated 28V dc Bus. The 5 volt switching
regulator consists of control crcuit Z3, power swilching network Q5, and inductor L2, Cutput voltage s
determined by the internal 5V reference of Z3 and divider network A36 and A38, Currend liml pratection
is accomplished by comparing the voltage across cument sense resistor R34 to the Iked voliage drop
ol dinde CA12. Output noise s limited by L4 and C21.

Operation of the 12 volt switcher I similar to the 5 volt switcher with the exception of the volage and
current gensing element values. The 12 volt conbrol circult 24 i also slaved 10 he 5 valt conlrol circult Z3
guch thal they both operate al the same frequency and phase. This answres consistent nolse and
requiation perfiormance from bath regulators. Both regulators also employ slow start networks R39-C20
and F46-C35 to reduce currant surges on power turm on.

The 24 volt regulator VR4 is a Enear regulator whose output voltage is determinad by the ratio of R21 to
R22. This regulator & switched to approxdmataly 1.2V (EMISSION OFF) by sharting R22 with control
tramsistor C4. Transistor Od Is driven by control logle 22, This logie requires that a walchdoag pulss train
be present (10 pp.s.) and the 249V0N signal be present in order 1o tum C4 off and cause regulator VR4
o operate at 24 volts, The watchdog feature afords profection of the electronics i the solbware o CPU
fails to operale properly. The 24 volt regulator iz only operational when the emission switch on the lront
panel is activaled. Amy system mafunctions will cause the 24 volts to be tumed off, thus protecting the
sensor and elecironics.

Linear ragulators VR1 and VA2 supply the g18 valts for the Analog sectiona of the nstrument. Thesa
regulalors are diiven from a 36V CT bridge rectiier and fiter. The negative 1ull wave rectified ac is
sampied via CR2 to provide a ine valtage lailure indicalion, Z2 (glong with 03) is bath a threshold and
pulse omission detector. I ling voltage pulses don't cocur for a duration longer than 100 ma of the ling
voltage falls below B5Y s a power lall signal ks sent o the CPLU via 22 pin 6.
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6.7 Deposition Control Board (753-332-G1)

The Deposition Control board contains the necessary circuitry to generale the analog confrol signals.
These signals are sent to the depasition power supplies 1o control rate for bwo independent channels.
Also contained on this board s measurement cireuilry needed to accuralely measure the crystal sensor
period.

Programmable Counter Timer chip Z4 contains three independant counters. Counter 1 &5 used as a
prescaber counter and generates the DAC Time Base signal (DTB), which & dertved from the systemn
clock. This DTE is then used o gale two other counters in 24, Counters 2 and 3 generate a pulse wiith
modulated signal, in which the ON time to OFF time ratio represents the digital value of the desired
powves control analog signal for channels 1 and 2 respectively, The PWM signals are filtered by RE
networks and operational amplifier 216 to produce a DC voltage proportional to the digital value. Bath
outputs are normally -10 voks full scale, unless shorting jumpers J1 and J2 are removed. The ouputs
are then -5 volts full scale. RC networks Z6-25 along with Zenes diodes CR1 and CR2 provide translent
vallage protection for the chectronics.

The remote sensor oscillator Is interfaced to the Deposiion Control board through the BNC connectar
on the back panel, DC power 13 supplied fhrough this connecior as well as providing a means of sending
the high frequency information to ampiier Z10. This is done by RF choke L1, which provides a DC path
while being a high impedance for the high frequency. The sensor measurement starts with the posithe
going edge of the start measurement pulse which toggles the output of D flip-flop 78-5 from low to high,
This output ks then used as the input to ancther D flip-flop. The need positive going edge al the aclive
crystal signal toggles D lip-lop 28-9 to provide a synchronized Gate signal. This gate signal is used o
gate 2 counters in Programmabile Counter Chip 23 and counter Z7. These three counters sene as an
accumulator lof the measurement word. As long as the gabe line is high, the high frequency relerence
clock (38,3216 MHz2) Iz provided by csdiialor Y1, ks accumulated. The measurement gate tme & set by
the sensor operaling frequency, prescaler 29 and the prescaler in Timer chip Z3. When the prescaler in
23 reaches its final count, its output Z3-10 goes low resetting D fip-flop Z8-5, B and the gate ine which
stops the accumulalion of the relerence clock. The processor then raads the measurement word thiough

port 22 and counters 1 and 2 in Timer chip 23. The processor makes four senaor period messurements
per second.

Adjustment of the Offset voltage i performed on this board, Belore adjustment can be dane, the GAN
miust be set ko 8 on the FILM display. Nexd, with the DATA display in the REALTY mode, manitor the RATE
AS Tor a reading of 0.0, Adjust RS far the optimum reading of 0.0,
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6.8 System Control Board (753-342-G1)

The system control card has all the circuitry necessary to aperate the sensor contrel unit (SCLU). It also
has three DACE that generale the analog recorder output Tor each of the three preamp channels.

Output part £11 generates the Data Mo control signals, and the gain control lines for preamp channels
1 and 2. Oulput port 215 generates the gain control sigrals for preamp channel 3, best signal control
and the fiter select codes for the optional Filter Changer, Input port 718 monitors the status of the SCU,
Port Z10 generales the WATCH DOG and the EMISS ON signals thal control the +24 volts,

Buffer 224 sllows ary nesded offset adjustment of the bMux anakog data from the preamp board, Sample
and Hold 223, upon command of the Hold Ene from 210, holds the analog signal while 12 bit A'D
comverter Z22 makes the corversion, The processor then reads the 12 bit digital value from comearter
222,

Prograrnmable Counter Timer chip 21 provides thiee pulse Width Modulated (PAWM) signals that
correspond to the three preamp channels, in which the OFF time to OM time ralio represents a 12 bit
digital value. These W signals are then filtered by RC networks Z5-28 and bulfer 26 to produce a DC
value proporional to the digital value. All three converted signals are 10 volts Tull scale. The time base
signal thal & used to gale the three counters fa derived Irom the systemn clock and 1/2 J¥ Hip-llop Z3
and counder 72, The other hall of 23 Is used to provide the 500 Hz chopping signal for use by the
modulator and demodiudator circuitry, 214 is a bus bulfer, Z17 and 29 provide the address and [0
decoding for the comveriens and YO ports,
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6.9 Preamps and Detectors Board (753-312-G1)

This board contains the circulry needed to corvert the low level optical signal into a measurable vollage
and synchronously demodulate it into a de level,

Low noise operational amplfiers Z7, Z16, and £25 corwert the input cuments to vollages with a gain of
-1 volt'uamp, Programmable stale amplifiers Z6-25, Z15-714, and 724-723, under sslection of the
System Control board, amplify the signals further with a gain of 1, 3.3, 10, 33, 100, 330, 1000 or 3300,
Phase Lock Loop (PLL) Z1, driven by the 500 Hz along with the divide by B counter 72, provide the
synchronous sampling count rate (AMHz) required by the narrow bandpass Comb filter (Z4-23.28,
£12- 213210, 222-721-Z17) for each of the threa channels.

The madulated 500Hz signal is then synchronously demodulated into & de signal via 29-78, Z11-219,
and Z18-Z17. Multiplexer Z20, under control of the system confral board, then sands the requested
channel data to buffer 719,

The other hait of bufter 219 attenuates the 500Hz square wave signal 1o a usable voltage level test signal.
Under control of the System Control board, this test signal i injecied Into the lirst stage of the
programmable ampliflers tor testing the circultny.
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6.10 AE Sensor Regulator Board (753-322-G1)

This board confaing the circyitry needed o independently drive two sensor heads. Tter&qumﬁarma.re
q180 volts chopped at 500 He, {cathode bias), two flament supplies, and two emission reguiators. The
750 VDC required by the photomultiplier tube (PMT) iz also supplied by this board,

The 180 volis ks a switching tvpe supply that runs off the 24 volis, | conaiats of switching regulatar 711,
drive transistors Q12 and (13, and Inductor T3, T3 provides |solation from ground and its dual secondary
provicdes hwo Bolsted 180 volt supplies. Comparalor 213 provides feedback to swiltching requlated 211,
R79 prowides for adjustment of the 180 VOC, Opto-isolator Z12 Gmits the maximum voltage. A Dipolar
madufator consisting of Q2-05, and G5-01 for channel 1, and 04, G7F, and 08, 33 for channel 2 drbven
by the buffered 500 Hz chopped signal from 213, provides the gl 80 ~hep signal thad ks needed 1o fum
ihe seneor head an and off.

During he conducling half of the cycle (-180 volts), a two phase sensitive discriminator (Z1, Z8Pin 1 and
£1, 25 Pin 1) measures the emisaion and leakage cuments of the two sensors, across 100 ohm sensing
resistors A3 and R4, During the non-conducting hall of the cycle (+180 vals), just the leakage current
s measured (28 Pin 14, 26 Pin Z). These two signals are then summed at the inputs of the emisslon
control integrators (26 Pin 6, 25 Pin 6) along with an offtset current. The emission current for both sensor
drives Is factory set al 4mA. For an emission current of 2mA at sensor drive 2, remove jumper J3 and
conmect jumper J4, For an emission curent of 2mA at sensor drive 1, remove jumper J1 and connect
jurmped J2, The cutputs of these twe integrators are then fed Dack to the comesponding lilament supply
swilching regulator {22 Pin 4 or Z7 Pin 4), o control the power to fllament 1 and fament 2 respectivaly.

The filament supplies are switching supplies, driven by the +24 volts. The two supplies are identical
supples, consisting of a switching regulator (2, Z7), drive circultry (23, Z8), and inductor (T1, T2). The
isolated secondary of each of these inductors, |s then relerenced to the corresponding chopped 180
volts, The actual filament drive Is app. & Vde (pulsed at a requency of 20KHz), capabie of delivering 15
watts. Opto-isolator (24, Z9) limits the maximum filament voltage. Switch SW1 enables or disables the
sacond Mament supply (Zensor Drive 1), Comparator Z10 monitors the emisslon confrol and bultered
leakage lines for arrars,

The high voltage required by 1he PMT ol the modula is pravidad by the PS1 integrator 213 Pin 14 and
the drive fransistors 09 and C10. The high voltage cutput is sampled by R7E6 and fed back to the input
of 1he Integrator. The integrator then increases or decreases the transisior drive accondingly to maintain
the proper oulput voltage. Trim-pot R102 providas adjustment for the -750 valts.
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6.11 IEEE 488 (017-432) (Optional)

The IEEE 488 board contains all (e hardware necessary 1o interface a Sentinel Il to the IEEE 488, 1975
communications bus as a Talker/Listener device. However, this module does not provida capabilities for
il to b usedd 23 an IEEE 438 confrol device.

The Sentinel 1 488 bus addrass is selecled via the switches on the rear panal of the board. The [EEE
488 option and seral RS-232 software may be Installed simultaneously. f this is done the IEEE 488
option disables the RS-232 computer communicalions capabiity. The device configuration switches on
the back panel employ positive logic, which means thal when in the ofl positian, the Sentine| interprats
a switch as a Ingical 1. Swilches 1 through 5 determine the device address (0 to 30 may be selected).
Switch 8 iz the 488 enable.

The elecironics consisls of ha following: Programmabie 00 22 provides intermupt vectoring, and reads
the device configuration switches (51) on the back panel of the board, Z3 i a GPIB TalkerLisianar,
which provides communication control bebween the CPU and the 488 bus. Z4 and Z8 are GPIB
Transceivers that provide proper voltage and timing during data transters.

Z0 operates as a dala bus ranscebser, which efeciively olates the CPU and on bosnd data buses, Z10,
211, and Z12 are all buffers, with the first two for address lnes and the lasl for control inss, Z5 provides
D part decoding, while 26 and Z7 handie interrupt and bus conlrol timing.
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Figure 8.20 |EEE-488 Board
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6.12 Filter Changer Controller Board (753-352) (Optional)

This board provides the drive and position control for two Filler Changers. Each channel has a comparator
that verifies the desired filtar position code, provided by the System Control bosrd, with the sctual position
code from the Filer Changer, When thess codes are not equal, the comparalor oulput goes low
triggering one shot £3. These bwo signals are then connected via an NOR crcuil (Z4) 1o produce a8 noise
discriminator. This prevents lalse actuation of the changer due to switch baunoe of nolse. This ulffered
sigral then drives the solid slate relay in the filter changer. Each confral channe! has a position valid lne
that is monitored. When a new fiter position is aslectad, this fine must become valid after approximatedy
15 seconds, of a fiter emor s generated,
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Flgure 6.22 Fitter Changer Board
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7.0 COMMUNICATIONS
7.1 Communications Overview

Any funclion thal can be done via frant panel entry or remote input can be accomplished through the
communications interface. Thia gives you total automation capabilities.

The communications for the Sentingl Il consists ol hree tvpes of inleraces; Semi Equipment Commiuni-
calions Standard (SECS), B3-232 and IEEE-488, Also included s an BS-232 interface for automalic dala
logging of process information, The IEEE-488 communications is optional,

The RS-232 and IEEE-488 Interlaces both use the same language to communicate with an external
computer, The difference lles in how they onginate messages,

The SECS interface uses the languages as spacified in the *1884 SEMI STANDARDS for EQUIPMENT
manial. The SECS interface should nol be used unless vou are famiiar with this standard. Corgult the
SEMI standards book if you plan o use SECS.

Samicondudar Equipment and Materals inatifute, Incorporated
625 Ellis Streat
heountain View, Calilorni 4043 US.AL

7.1.1 DEFINITION OF TERMS

Serial Communication

The ndividual bits of information that make up & command o data message are sent in sefies on a
singhe wire. In an actual communications link batween a haost computer and the Sentinel 1Il, &t least three

wires are used, more typlcally five, to provide hwo-way communication, acommon ground, and preferabily,
some cantrod signais.

Bits. Bytes, and Characters

The minimum unit of information in compuiers i calked a bE (binary digit}; a blt has one of fwo values,
usually denoled as 0 and 1, are alectrically distinguished as two voltage levels, A byie ks a group of 8
bits normally handled &= a unil. in the Sentingl il communication system, a bye represents ane characier,
which is a letier, numeral, punctuation mark or condrol character.

Controf Characters

In addition to letiers, mumerals and punciustion marks, the ASC characier sal includes 32 codes fhel
can be recognized by computer equipment for special purposes. Some of these are assigned as
communications controls, such as indicating the end of messages. The control codes will be discussed
in detail in the communications discussion seclions.
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Baiid

The rate, in bits per second, at which information is sent is called the baud rate. In order for information
to be receive comectly, the host computer and Sentined Il must operate at the same baud rate. A variety
of commaonty used baud rates are availlable, Selection of the deslred rate Is accomplished with internal
switches located on the CPU board.

Start, Parity, and Stop Bits

The AS-232 Standard defines an asynchronous form of communication, in which characters are sent
one at a time with no fed interval. Since the group of B bits used to identify a character may start with a
1 or 0, the group is preceded by a start bit which is always 0 and followed by one of maore slop bits
which are abways 1°s. The transflion from the 1 lesal ta the 0 leved signals the recelver that a character
Tollows.

Handshaking

Handshaking is usad o prevent the ransmitling device from sending characters when the receiving
dewica is "busy® and the mesaage would not be received comectly, The Sentingd lll supports software and
hardware handshaking. Software handshaking is accomplished batwean the hoat computer and the
Sentinel Il by using the echo mode of operalion and programming the host so that it does not send a
character untll the Sentingl Il has responded (echoad) to indicate the preceding characler has bean
received and processed, Hardware handshaking ks accomplished with three additional wires by which
the host computer and the Sentinal Bl signal that they are ready to receive the nisd character,

7.1.2 COMFIGURATION FOR SECS, RS-232, IEEE-488
Ta access the CPLI board,

1. Ramove the two screws in the upper comers of the rear panel o that the top of the Operalor's
Conaola can be removed by siiding It to the rear. Take the top compéetely ofl. (See Figure 7.1).

“ TN

- . o @ - L]
f E E i E:lt:‘ !' . .‘b
II_E i _,l- E__‘

RN 1 | 1 — =1 &

.E|_l1 : i . H oy |1' E

Bl oo (Il ==
‘f= gL [ | l _

IEEE {140 AELAY | DEPCTL | SEOID CPY Sl

Figura 7.1 Operstor's Congole Cover
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Femaove the CPU board (No. 017-332) which is the long printed ciroult board in the middle of the

unit Figure 7.2). To remove this board, take out the three screws on the rear of the panal holding it
in place - then Bt the board straighl out of its socket,

Figure 7.2 CPU Board Remowval

3. To change the safings on the communicalions configuration swilches, refer o Figure 7.3 lor
conmnecltion locations,

BAUD RATE SWITCH —\\

WHE amDY WE

][D]]DDDDDE”“

]D[D[[[ ﬂ
i
Do 0 L U”D

CONFIGURATION SELECTOR SWITCHES

Flgure 7.3 Configurstion Selector Switch
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Conlfiguration of the communications is determined by switches 2 and 3 on the CPU board, Set switches
a5 shown In Tabie 7.1.

Tabie 7.1 - Configuration

Swiltch 2 Bwitch 3 Configured
O=on J=0n) SECS

1=t 1=l Fis-232
Omon D=t IEEE.4a812
1= off 1=all AS-Z3z

1 Rster 1o section 7.1.6 ADDRESS SWITCH for anabling and disabling sestings
2}t |EEE-488 board i Installed
7.1.3 PORT TEST PROCEDURE

Tha Interface software Includes an optional s=ii-test procedure which may be used to check the AS-232
ports of the Sentinel Bl for basic operational status. Without following the procedure outiined, no sedf-test
of the ports is carried out, It is recommendsad that the operator perform this procedure before interfacing
the Sentinel 1l with a host computer, and any time thereatter when such troubleshooting is necessany,

The interface test consisls of transmitting the message *SENTINEL 1 SELF TEST to the RS-232 part.

This message ia chacked and must be received within a set amount of time. The Test resull then appears
an Ihe Senlirel 1 display acresn.

Eher of the two RS-232 ports, A or B (Main or Aupdliary, respectively) may ba tested with this procedure:
1. Senting! I Power off.

2. Connect the sell-loop connactor 1o the port to be tested. This connection i supplied with the Sentinel
il

3. The right and et curgor keys on the Sentine] I front panel are used i the test, The right cursor key
is associated with Port B, or the AuxiBary R5-232 port, The ledt cursor key is associated with Port a,
of the Maln RS-232 port. Prees and hold the appropriate cursor key and tuen Sentines] I power on,

4. The following display will appear briafly on the Santine] Il screan:

INFICON VIDED SYSTEM V.#

BEGIN COM TEST
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5 A successful test of the port will be indicated by the messape "A-PORT OK® or "B-PORT OK® in the
lower left-hand comer of the screen, replacing the original message "BEGIM COM TEST.”

B An unsuccessiul test of a given port will be Indicated by the message "A-PORT FAIL" or "B-FORT
FAIL" in the lower lelt-hand comer of the screen, replacing the orginal message *BEGIN COM TEST .
i the "BEGIN COM TEST" message remains on the screen, the Senfinel Il tranamit enable line (CTS)
iz disabled, which Is also an emor condition. | any Indication of falfure is observed, contact the Inficon
Senvice Department.

7.1.4 CONNECTIONS

The Sentingl ¥ iIncorporales a standard 25 pin famale connactor for connection fo the host computer,
and Is wired as a DTE {Data Terminal Equipment) device, Nate that the CTS (Clear I Send) line must
be driven to Binary 0 (positive voltage >3 volls and <15 volls) in order lor the Sentinel Il to transmit ta
the hosl In a hardware handshaking system, the CT5S line should be used by the host computer ta
controd the activity of the Sentinel Il transmitter, In a similar manner, the ATS (Request 1o Send) output
from Sentinel Il i intended to contral the host transemiter. For successful hardware handshaking the
transmitter of the host device must be controflable on a character-by-character basis,

PEOOOOOOEOEGO
QUEEOEECOEEE

Figure 7.4 Pin Connection Diagram

7.1.5 R3-232C COMMUMICATIONS DISCUSSION

The RS-232C Interface provides a means of edectronic communication with the Sentinel il Using sultable
aquipment, tha Sentinel Il can be operated from a remole location, contralled withoul operator intervention
and inlegrated into computer confrolled instfrumentation systems. Data from the Santine! Il can also be
acqured, manipulated and siored by compuler equipment,

When communicating with an external device through the RS-232 interface, the exemal device s
required fo @ssume the rale of the “host® and the Senlined Il acls as the “peripheral® device, The host
imsues commands to the Sentinel B to change mode of 1o respond with dala to be read by the host, The

hesl device will normally be a complter which has been programmed to lssue sullable commands to
Ihe Santinel 11,
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Ewvery command sent rom the host to the Sentinel Il must be terminated with an ASCH (ACK). This s an
indication to the Sentinel il that this ks the end of the present command and Lo baing interpreting that
command. ACK s the Control F{ - F) character and is usually suppresaed from the display.

Upon successhul completion o the current command, the Sentined Il will return data if the current
command includes a request for data plus an ASCH (ACK). The (ACK) is an indication to the host
computer that the command transmitted to the Santinel Il was completed successiully and the dala
preceding it, if any, is the data the host computer requested.

MACK is the Contral U {~ U) character and |s usua®y suppressad from the display. If an ASCI (MACK)
i recaned this is an indication to the host computer that the command I just transmited ks samehow in
errar, The ASCH character preceding the (MACK) is the error code indicating the type of eror that
occurred (see the Emor code fisting in Section 7.3.3).

From the time the (ACK) is received by the Sentingl Il unill the (ACK/NACK) & recelved by the host
computer, any data thal the Santinel Il recetves will be read but will not be stored or acted upon in &y
way. No Indication of response i sent to the host computer that this has occurred.

Balow is a typical commurications sequence:

1= Sentimel Il iz runming - There are no messages being handled,

2 - Host originates a command message - The host sends a character by character message followed
try an ACKnowledge (= F) to the Sentinel il

3 - The command ks then processed and the resultant data (if amy) i sent to the host one character at
alime, The command iz then terminated by an ACKnowledge (™ F) or,

4 - i the command message is invalid, the Sentinel ll sends an NACK (U nat acknowledge) to the
host. Preceded by an emor coda,

7.1.6 |EEE-488 COMMUNICATIONS DISCUSSION

Thiz IEEE-4B& Interface provides the capabiity for a vanely of devices to communicate with each other
and to shane the rescurces of & single bus.

Thiz means thal the entire sysiem can share one printer o one computer inslead of each Instrument
heving a computer and printer dedicaled specifically for s use alone,

Iri the IEEE-488 Communications discussion the "Computer® will be referred ba as the Contreller since all
communications in [EEE-488 aystems are handied by one main Controllar (computer),
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Every command sent from the Controller to the Sentinel 1l must be terminated with ha ASCIH (ACK). Thia
iz an indication 1o the Sentinal Il that this iz the end of the present command and to begin interpreting
that command. The cantrolier has the option of asserting the EQI ine on transmission of the (ACK), since
the Sentinel (1 checks each received character for the (ACK), ACK is altén the contral F [~ F) character
and is usually suppressed from the display.

Upen sucessshul complation of the cuerent command the Sentinel 1l wil return any data, I the currant
command includes a request for data, plus an ASCI (ACK). The (ACK) Is an indication to the Controller
computer that the command it just tranamitted to the Sentingl Il was completed successiully and the
data preceding it, i any, is the data the Conlroller computer requested.

I an ASCIl {NACK] ks recedved this ls an indicalion Lo the Controfier computer thal the comenand 2 just
transmitted is in error, The ASCE character preceding the (NACK) s the error code indicating the type of
error that occumed, NACK Is often the U (= U character and is usually suppressed from the display.

Upon transmission of either the (ACK) or (NACK), the Sentinel Il also asserts the EOI line.

From the tima the (ACK) is received by tha Senlinal Il unti the (ACK/MACK) is received by the Controler
computer, any data that the Sentinel Bl receives will be read but will nat be stored or acted upon in any
way. Mo Indication or responae i sent lo the Controller comgputer that this has occurred.

ADDARESS BWITCH

An eight segment switch is [ocated on the IEEE-488 Module rear panel. This switch sets the Sentinel II)
bus address. Swilchas 1 through 5 are used to select an address of O to 30. Switches 6 and 7 are not
used. Switch 8, when sot 10 (1) enables IEEE-488 communications, whan set to (0) it disables [EEF-488
communications, [Settings on CPU board must also be set as shown in Table 7.1.]

[l SENTINEL Al



SECTION 7

COMMUNICATIONS

Agddress selection is sa follows: 1= 0n

0= Cf
Addrean Switch Numbers Addrass Switch Numbers
#5431 L sl
a 0OoCD 16 1000
1 0oa0t 17 10001
2 00010 I 18 10010
3 00011 18 10011
4 Qo100 20 10100
£ Qoo 21 10101
B oo 22 10110
T oo11t 24 13111
B 31000 24 11004
g 1001 I 25 1100
10 1010 ] 11040
11 2o 27 11041
12 01100 bz 11100
13 a1 29 11101
14 01110 & 8] 11110
15 ai111
SENTINEL I 7-8
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The IEEE-488 Maodule cannector is shown balow along with associzted pin information.

N
O O J O
M i3
Flgure 7.5 |EEE-488 Irferface Moduwle Connector

7.2 Interface Connections
7.2 AUTOMATIC DATA LOGEING INTERFACE COMMECTION
The ALK PORT uses an RS-232 interface 1o provide data logging to an extesnal printer,

The ALK PORT & lixed al 2400 baud and implemants hardwara handshaking to guarantes data transfer,
If ey hardhware handshaking & required simply connect pins 5 and 20 of the ALUX PORT together. The
ALK PORT DATA LOGGING equipment constant (Communications Menu) must be set to YES in ordear
lo enable autcmatic dala logging. | no dala logging B wanled, or in the data logging port B not
connecled, than the AL PORT DATA LOGGMNG equipment constant must be sat to NO. Falure to do
this will cause the AL PORT DATA LOGGING to prevent the MAIN COMMUNICATIONS from originating

FROCESS DOME messages and the mew process inlarmation will not be saved.

Example of data log dump:

* STAHT RUN #0001 *
PROCESS 1

FILM #1
RATE = +0040.0 A/s
THICK =+0000250 A
TIME = 0007 min:s
AVG FOWER = 00%

*EMD RLSN #0001 *

Santinel Il Pin Descriptions for A Port

2 - Trarsmil data; data sent form the Sentinal Il

5 - Chear to send; inpul low o Sendine] 1l anables fransmitier,

7 - Signal ground; commoen betwaan usar and Sentine (11,

20 - Data terminal ready; output logic kow when Sentinel il i turned on,
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722 RS-232 AND SECS INTERFACE CONMECTIONS

The RS-232 interiace implements hardware handshaking to guarantes data fransfar. If no hardware
handshaking s reguired, simpdy connect pins S, 8 and 20 of the main par together. The SECS intarface
does not use pina 5 and & (no hardware handshaking). The baud rate is programmabile by internal DIF
gwitches on the CPL board in the ranga from 150 to 19,200 baud. The character wond conaists of ane
start bil, sight diata bits and one stop bit. No parity bil is implemented.

Pin 1 (shiekd ground), pin 18 (+12 to +15 vols) and pin 25 (-12 to -15 volta) are not implemented by this
connection.

Sentinel Il Pin Descriptions for Main Pofl

2 - Tramsmit data; data send fom the Sentirel 111

3- Recelve data; data recedeed by Sentined 1L

4 - Request to send; cutput loglk: low when Sentingl ill's receive s emiply.
&= Clear to gend; input low to Santinel I enables transmitter,

7 - Signal ground, comman bebtween wear and Santined (11,

8- Data camier datact; input low 1o Santinal Il enables recebver.

20 - Data terminal ready: outpu logic low when Sentinel Il is turned on.

7.3 R5-232 and |EEE-488
7.3.1 RS5-232 AND [EEE-488 - DEFINITION OF TERMS

All names betwean <> signity an ASCIl code used in mesaages. All names babween {) signify ASCH
nurmbers usad as 10's, valuesa of command codas,

< ACK = - ASCH code DE hex, 0B decimal,

whlf > - ASCH code 15 hew, 21 decimal.

< CTL-K= - ASCI code 18 hex, 24 decimal.

<5PACE= - ASCI coda 20 hax, 32 decimal.

(S0 - Status varlable 10, cefined towserds and of manual,

(ECH) - Equipment canstant 10, defined towands end of maresal,

[WALLIE) - Mew equipmant constant value, Same lormat &3 that sent by Equipment Constant Fecguest

command. The format for values are described in ECI0 zaction.

[FCMDY - Ramote command codes, deflned e endd al manisl
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7.0.2 FS-232 AND IEEE-4B8 COMMANDS

The first character ol each command s an ASCIl character. The last character sent <ACK> tefls the
Sentingd 11l to interpret the command and act accordingly. There may also be ID's o VALUE's associated
with certain commande. These ara sant sfter the command character and before the <ACK =, Below =
& description of each command. If the command you send has an error in i, the Sentinel Bl will respond
with a negalive response. Thesa are delinad alter 1he communications commands,

H<ACK> ARE YOU THERE?
This command talls the host what the equipment mode is and its version #.

S(SVID) <ACK> SELECTED EQUIPMEMNT STATUS SEND
This command is usad to request eleius informabicn from the eguipment.

QECID) < ACK > EQUIPMENT COMETANT REQUEST
This command ia usad to recuest equiprment constant valuss from the ecu prenl,

P{ECID)<SPACE> (VALUE)<ACK> EDUIPMENT COMSTANT SEND
This command ie used to change egquipment constard VALLES in the equipmant. A8
equipmenl constant VALLIEe are sant as ASCH lemse with the same format as the
EQUIPKMENT CONSTANT PEQUEST command sends. The exception begh string type
equipment constant |D's that must be less then or equal o their medmum length which |s
specilied in he ECID section. To nul out a sfring type eculpment corstant send
P(ECID) <SPACE= <ACK >, The range of the VALUes are ghven in Section 2.3,

R{ECMD)<ACK > REMOTE COMMAND SEND
This command s usad lo g remcte key events or remote inputa,

Ki{34 BYTE BINARY STRING)<ACK> LODPBACK BRARY STRING
This command echoss back the same binany Information it received. Ulaed for teeting
Imterfacs

Ti0-38 ASCI CHARACTERS)<ACK> TERMINAL DISPLAY
This command s used io send a message o the equipment which s depleved in the
COMMUNICATIONS display. To erase the message send T-ACK >,

<ETL-M> ABORT
Thie command abons @ command if the <ACH> hasn'l been sent yet. Thare & no
respones from an ABORT command,

7.3.3 RAS-232 AND |EEE-488 NEGATIVE RESPONSES

Megathve responses will resull if the command sent has one of the efrors listed below,

A NAK ILLEGAL COMMAND
B=MAK= ILLEGAL VALUE
C e MAK = ILLEGAL 1Dy
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D<NAK> ILLEGAL COMMAND FORMAT
E<NAK> NO DATA TO RETRIEVE
F<NAK> CAN NOT CHANGE VALUE NOW

7.3.4 RS5-232 AND |EEE-488 ORIGINATED MESSAGES

These commands will only be sent if the MAIN COMMUNICATIONS ORIGINATE ECID is set to YES, i
the IEEE-488 communications s sedacted then Ihe alarm codes below will b tha senvdce request codes,
I the PROCESS DONE originated message is sent by the Sentinel Il 1he new process information will
overwriie any older process Information.

Ll ACK = PROCESS DOMNE (When this ks received, do command S04 <ACHK> 1o retrieve process
infor mation }

V<ACK= EQUIPMENT STOPPED

W ACK = PROCESS STARTED or RE-STAATED after a STOP.

7.4 Semilconductor Equipment Communications Standard (SECS)

7.4.1 SECS GENERAL INFORMATION

Manutactures - Leybold Inficon Inc.

Product # - Sentinel Il (SNTII

Equipment Function - Dual channel thin film depasition controliar’ monitor

Interface Funclion - Interface used to gather infomation or lor aulomated condrol of the instrument.
Soltware Revision Code - Version number 2

Changes from Previous Levels - No changes because this ks first version of instrurnent.

7.4.2 SECS MESSAGES

a. STREAM 1: EQUIPM STATLS

51, FO ADORT TRANSACTION (S1FD)
Ths command dows nathing.
81, F1 ARE YO THERE RECUEST (R)

Thiz iz used o establish whathar the equioment is on-ine.
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51, F2

=1, Fa

81.F4

e

a2, F22

82, F25

52, F26
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ON LINE DATA (D)
Thils |2 the responze o indicede that the eguipment B on-ling

SELECTED EQUIPMENT STATUS REQUEST (S8R)
Thia command is used 1o read slalus varkabiae from the aoguipment.

SELECTED EQLIPMENT STATUS DATA (5500
The acquipment repons e veloe of the atatus varlable requested,

ABOHT TRAMNSACTICH (2270
Thie command does nothing

ECUPMENT CONSTANT BEQUEET [ECH)
Thiz command & used 1o read eguipment constants from (he squipment

ECUIFMENT COMSTANT DATA (ECD)
The equipment sande the wvalue for the squipment conslan! recuesied.

EQUIFMENT CONSTANT SEND (ECS)
This command is used to change equipment congtants in the equipment,

EQUIPMENT CONETANT ACKNDWLEDGE (ECA)
Acknowdedge cquipment consiant change of arol

REMCTE COMMAND SEND (RICS)
Lisad to perfomm an aclivity ke ey swenbs of remobe nputs,

REMOTE COMMAND ACKMNOWLEDGE (FCA)
Acknowisage remobe command or emof,

LOOPBACK DIASHOSTIC REQUEST (LOR)
The binany siring senl o 1he equipment is echoed beck.

LOOPBACK DIAGKOSTIC DATA (LDD)
The echoed binary sting.

STHEAM 5: EXCEPTION REPORTING

=6, k)

55, F1

55, F2

AHOAT TRAMEACTION (S5F)
This command doss nolhing

ALARM REPORT SEND (ARS)
Thils rriassans repons & change in squinmsant stabes to the host

ALARM REPDAT ACKNIWLEDGE [ARA)
This command does nothing.
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d STREAM 9: SYSTEM ERRORS

59, FO

58 F1

89, F7

S8, F11

ABOAT TRANSACTION [S8F)
Thils command doeg mothing

Mmmnm
to thia host indicates the devica 1D in the messsne bock beader did not malch

This message
equiprmant's desvica (D,

UNRECOGNIZED STREAM TYPE [LISM)
Thiz message to the host indicates the eguipment doos not recognize ihe siream bype inthe
miessage bhock header,

UNRECDGNDTED FUNCTION TYPE (UFN)
Thiss message 1o the host indicates the equipment doss not recogrnize the function type in the
messaga biock header,

ILLEGAL DATA {IDN)
This message to the hast indicates that the stream and function were recognized but the
associated data format could not be interprated.

DATA TOD LONG (DLN)
This message to the hoest indicates the equipment has been sent more data then i can handle,
The message being received has besn aborted.

e. STHREAM 10: TERMINAL SERVICES

810, FO

S10,F8

ABCAT TRANSACTION [(S10FD)
This command does nathing,

BROADCAST (BON)
This command i used by the host to send a message to an operator at the equipment,

7.4.3 SECS MESSAGE SUMMARY - DIRECTION OF MESSAGE

a. STHEAM 1: EQUIPMENT STATUS - DIRECTION OF MESSAGE

HOST EQUIPMENT EQUIPMENT HOST
Sand Raspond Send Respond

S1.F0 > -

51, Fl > < B, F2

81.F3> <81, Fd
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b. STREAM 2: EQUIPMENT CONTROL AND DIAGNOSTICS - DIRECTION OF MESSAGE

HOST _ EQUIPMENT EGUIPMENT MOST |
Send Rezpond Send Recpond
52 F10 > B
Se.F8> < 82 F14
LR <52 F18
S2.F21 » T
52.F25 = <52 F28
e, STREAM & EXCEPTION REPORTING - DIRECTION OF MESSAGE
HOST EQUIPMENT EQUIPMENT MOST
Sand Feapones Send Aespond
56, 50 >
B 85, Ff =
= 55, F2
d. ETREAM 8; SYSTEM ERRORAS - DIRECTION OF MESSAGE
HOET EQUIPMENT EQUIPMENT HOST
Send Respend Send Aespond
S5, FO =
= S8,F1 >
59, F3 > o
4 F5 = A
58, F7 » e
59, F11 > =
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e. STREAM 10: TERMINAL SERVICES - DIRECTION OF MESSAGE

HOST

EQUIPMENT EQLHPMENT HOST

Send

310, F& =

Respand Send Anspontd

7.4.4 SECS MESSAGE DETAL

a STREAM 1: EQUIPMENT STATUS

HOET CLUERY:

RESPOMSE:

HOST QUERY:

RESPONSE:

HOST QUERY:

RESPOMSE:

SENTINEL Il

a1, F0

S51.F

51, F2

B1,.F3

51, F4

AEOAT TRANSACTION (S1R0)
Thiz command does nothing,

Mone expectad,

ARE YOLU THERE RECHUEST (F)
Thiz command is used to eatakish whether the equiprrent ta on-lins.

O LIME DATA (O

Eguipment & on-lina.

Date sanl: a fist of 2 ASCH lerra
Modal name: SNTHl (6 ASCI bytes)
Version #; 00 (2 ASCI bytes)

SELECTED EQUIPMENT STATLS REQUEST (55R)

A recusst to the equipment o report selecied valees of s Stafus. Al status
varabia ID's are ASCH kems ol 2 bytea. Only 1 stetus varisbie 1D per
message. A zero length ASCH kem send will respond with a z2ero langih (st

SELECTED EQUIFMENT STATUS DATA (550)

The equipment reports the value of the slabus variable requesied,
All values are sent as ASCH beme

A zero length list means no response can be made,
A zero ength ASCE kem mears that stelus variaole 1D does mot exdst,

7-16



SECTION 7
COMMUNICATIONS

b. STREAM 2: EQUIPMENT CONTROL AND DIAGNOSTICS

HOST QUERY:

AESPOMSE:

HOET CQUERY:

RESPOMSE:

HOST CQUERY:

AESPONSE-

HOST CUERY:

RESPONSE

82 FO

52 F13

52 F14

S F16

=2, F18

52, Fa1

852, F22

ABOAT TRANSACTION (SEF0)
This comenanc does nothing,

Moma expectad.

ECLUIPMENT COMSTANT REQUEST [ECH)

This command reads all the equipment conatant values from the edquiprment,
Al squipment constent ID's are ASCI terms ol 4 byles. Only 1 esquipment
constant ID per masasge. A zaro length ASCI iberm will reapond wish & zem

lergth list

ECLIPMENT COMNSTANT DATA (ECDY

The equipment reports the value of the squipment constans requested,
Al velues are sent as ABCH hems,

& raro langth ist means no responss can be made.

A zaro langth ASCH Rarms means Ehat states 10 doses nof sl

ECUIPMENT COMSTANT SEMD (ECS)

Thiz commeand s ussd to changs equipment canstant valies o the
equipment. & equipment constant ID's ane 501 iterms of 4 bytes. Onky 1
equipment constant change per message. Al squipment constan) values
are sent a5 ASCH Bems with the same format as the 52, F14 message. The
axception being string type eguipment constant 100 that rrusst be less (han
o equal o their rresdemum length which s specified in the ECID section. To
nul oul @ slring fype equipment constant eend a Feno length for the
aquipment conatant value. The range of the valles ara ghen i Seclion 2,

ECQUIPMENT COMSTANT ACKMOWLEDEE [ECA)
Ackrimwliige eguipment conglant change o error,
Acknowledge code. binary ibem of 1 byle

0-

1 - Corstant does nol exist

£ = Cannot change conatan] now.

B4 - Bad aguipment constant valua.

REMOTE COMMAMD SEND [(RES)

This command is used to perform an activity ke key events and remate
mputa. Rernole command codes are ASCH tems 2 charactars long. Ok 1
remole command code per messaoe.

REMOTE COMMAND ACKNOWLEDGE (ROA)
Acknowledge rerrote command ar efrar,
Acknowindge coda, 1-bybe isteger (unsigned)
0 - Completed or done.
1 - Command dois pot S,
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HOST QUERY: 82 F25

RESPOMEE: =52 F28

LOOPEACK DIAGHOETIC RECUEST (LOR)
Tha hinary slsing sant to the egquipment ie echoad back to the host Binary
atring's medrrism kength s 4.

LOOPEACK DIAGNOSTIC DATA (LOD)
Thwa bimary atring recawed 52, F28 |a echosd back,

c. STHEAM 5. EXCEFTION REPORTING

HOST QUERY: 55, R

RESPOMSE:
ECQUIP. QGUERY: 55 F1

RESPONSE: 85, F2

d. STHEAM 9: SYSTEM ERRORS

HOST QUERY: &8, F0

RESPONSE:
EQUIP, QUERY: 58, F1

RESPONSE:

EQUIP. QUERY: 54, F3

RESPONSE:
EQUIP, QUERY: 59,F5

SENTINEL Il

ABOAT TRANSACTION (SSFO)
This eormmand does nothing,

Mone mpecied.

ALARM REPORT SEND (ARS)

This massage reports & change In equipment status such s PROCESS
STARTED, STOP or PROCESS DONE. If the ALID is PROCESS DONE
{55H), an (51F3) with 5ViD aqual to 04 must be sant to refrieve the process
inforrmation, B this s not sent. than newer process information will cvaraTite
tha alder process information.

ALARM REPCHT ACKNOWLEDGE (ARA)
This command does nothing.

ABORAT TRANSACTION (S9F0)
Thie command doss nothing,

MNone et
URRECOGHIZED DEMICE D (UDM)

This message to the host indicates that the device 10 in the message block
header did not match equipment's device 1D,

hone expecied.

LUNRECOGMNIZED STREAM TYPE [LIBM)

This message to the host ndicales thet the equipment doss not recognize
tha striaarm ype in the massage biock headss

HMHone expacted.

LNMRECOGHNIEED FUMCTION TYPE (LFN)
This massage to the host indicates that the equipment does not recognize
thie function type in the message block hemscher,

Miome expecied.
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EQUIP, QUERY: 58 F7 ILLEGAL DATA (IDN)
This massage 1o the host indicales that the stream snd funciion wee
recognizad but thi associabed data formal could not ba interpraled

RESPOMSE: None expacied.
BOUIP, GUEFY: 50 F11 DATA TOO LOMG (DLM)

This memeage to the host incicstes thal the equiprment o Baen Sarm mang
ctata than It can hardie. The message being recafved hae been aborted.

Maxinum messags length inchuding |5ts and ibems eoshuching the heacer is
44 bytes
AESPOMNSE: Mone expected,

e. STREAM 10: TERMINAL SERVICES

HOET QUERY: 510, FO ABORT TRANSACTION [S10F0)
Thiss command does nothing

RESPOMEBE: Mo expaciad

HOST QUERY: 510, F2 BROADCAST (BCM)

Thies command iz used by the host to send a message to an cpearaior at the
equipment. The host sends an ASCH tem up to 36 characters kang, Yalid
characters ana from 20Hem: bo SFHex. An ASCH "+ i replaced by an ‘A"
SEHex bz an up arow symibel and SR s a down armew symibsel. A8 invalid
ASCH charactars ane resliaced by an ASCE space. To erase tha messans
send an ASCIH lem of zeno lenglh,

RESPONSE: Mone sxpaciad
7.5 Communications |D's and Codea

7.5.1 EQUIPMENT CONSTANT ID'S (ECID)

All equipment conatant 1D's are 4 ASCH digits long; the first digl is for films 1 through 6 or 0 Tor non-film
conslant. Below is a lisl ol specilic equipment constant ID's for each display. Along with the ECID's are
the lormals of values of each ECID given as an exampls, When changing values, the same number of

digits given in the example must be sent along with decimal point and colon information. The range of
the Val LIEs are given in Section 2.3,

a  DATA DISPLAY EQUIPMENT CONSTANT ID'S

104 = PLOT DWELL 1 Ex. =12
106 = PLOT DWELL 2 Bx =12
108 = PROCESS BUFFER "STRING TYPE, 32 CHARACTERS MAaX®

132 = RATE DEVIATION NUMBER, CHANMNEL 1 Ex, = 1
133 = RATE DEVIATION NUMBER, CHAMMEL 2 B =1

7-19 SENTINEL Il



SECTION 7
COMMUNICATIONS

b, FILM DISPLAY EQUIPMENT CONSTANTS ID'S

009 = FILM # (15T DIGIT IS 0)
064 = SOAK 1 POWER SET POINT
065 = RSE 1 TIME

0OBE = SOAK, 1 TIME

067 = SOAK 2 POWER SET POINT
D68 = RISE 2 TIME

069 = S0OAK 2 TIME

070 = RATE RAMP TIME

071 = RATE BEGIN

072 = RATE MEW

073 = FALL TIME

074 = IDLE POWER

075 = MAX POWER LIMIT

076 = CONTROL DAMP

077 = CONMTROL GAIM

078 = FINAL THICKNESS LIMIT
079 = SETPOINT THICKNESS LIMIT
080 = RATIO

081 = SHUTTER DELAY

0R? = STOP ON MAX POWER
083 = CHANMEL #

084 = SETPOINT TIMER

085 = SETPOINT RAMP

086 = FILTER NUMEBER

087 = COMPLETE ON TIME POWER
DBE = ALTO CALIBRATION OMN START
089 = CALIBRATION INTERVAL
080 = CALIBRATION ACCURALCY
091 = XTAL Z-RATIO

092 = XTAL DENSITY

083 = XTAL TOOUNG

008 = XTAL MEASLIREMENT

. FILM DISPLAY AMD MONITOR DHSPLAY EQUIPMENT CONSTANT IS

094 = PMT RANGE

045 = PMT CALIBRATICN

006 = CROSS SENSITMTY CHANNEL 1
007 = CROSS SENSITMITY CHANNEL 2

SENTINEL Nl

Ex =1

B =12
Ex, = 12:34
Ex. = 12234
Ex =12

Ex = 1234
Ex. = 12:34
Ex, = 1234
Fx = 1234
Ex = 1234
Ex. = 12:34
Ex, = 12
Ex. =12
BEx =12

B =12

Ex, = 123.458
Ex, = 123.456
Ex =1234
Ex =1

Ex. =1
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d  EXECUTIVE DISPLAY EQUIPMENT CONSTANT ID'S
11 = ACTIVE PROCESS Ex. =
102 = POSITION TO START Ex. =12
103 = AUN MUMBER SET Ex = 1234

106 = PROCESS BUFFER 1 "STRING TYPE, 32 CHARACTERS MaAX"
107 = PROCESS BUFFER 2 "STRING TYPE, 32 CHAHACTERS nMax!

108 = XTAL DISABLE FLAG B =1

110 = TESTON B =1

111 = TEST TME COMPRESSED Bx. =1

112 = FINAL THICKNESS OVERRIDE 0 (PROCESS 1) Ex. = 123.456
113 = FINAL THICKMNESS OVERRIDE 1 (PROCESS 1) Ex. = 123.456
114 = FINAL THICKNESS OVERRIDE 2 (PROCESS 1) Ex. = 173.456
115 = FINAL THICKNESS OVERRIDE 3 (PROCESS 1) Ex. = 123 456
116 = FINAL THICKNESS OVERRIDE 4 (PROCESS 1) Ex. = 1Z3.456
117 = FINAL THICKNESS OVERRIDE 5 (PROCESS 1) Ex = 123,456
118 = FINAL THICKNESS OVERRIDE & (PROCESS 1) Ex, = 123,456
118 = FINAL THICKNESS CVERAIDE 7 (PROCESS 1) Ex. = 122.456
120 = FINAL THICKNESS CVERRIDE 8 (PROCESS 1) Ex. = 123.456
121 = FINAL THICKNESS OVERRIDE 9 (PROCESS 1) Ex. = 123.456
122 = FINAL THICKMNESS OVERRIDE 0 [PROCESS 1) Ex. = 123.456
123 = FIMAL THICKMNESS OVERRIDE 1 (PROCESS 1) Ex. = 123.456
124 = FINAL THICKNESS OVERRIDE 2 (PROCESS 1) Ex. = 123,456
125 = FINAL THICKNESS OVERRIDE 3 (PROCESSE 1) Ex. = 123.458
126 = FINAL THICKNESS OVERRIDE 4 (PROCESS 1) Ex. = 123.456
127 = FINAL THICKNESS OVERRIDE 5 (PROCESS 1) Ex. = 123,456
128 = FINAL THICKNESS OVERAIDE & (FROCESS 1) Ex. = 122,458
129 = FINAL THICKNESS OVERRIDE 7 (PROCESS 1) Ex. = 123.458
130 = FINAL THICKNESS OVERRIDE 8 (PROCESS 1) Ex. = 123,456
131 = FINAL THICKNESS OVERRIDE 9 (PROCESS 1) Ex. = 123,458

e. COMMUNICATIONS DISPLAY EQUIPMENT CONSTANT ID'S

134 = MAIN COMMUMICATIONS ORIGINATE

135 = DEVICE ID

136 = RETRY COUNT

137 = RECENE TIMECQUT

001 = DUPLICATE EQUIPMENT CONSTANT ID FOR 1D 137
138 = PROTOCOL TIMEOUT

139 = AUTOMATIC DATA LOG CONFIGURATION

FRRRRRR
|
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.  EXTEANAL VO DISPLAY ECUIPMENT CONSTANT ID'S

140 = EXTERNAL OUTPUT 7 "STRING TYPE, 11 CHARACTERS MAXT
141 = EXTERNAL OUTPUT 8 "STRING TYPE, 11 CHARACTERS MaAXC
142 = EXTERNAL QUTPUT 8*STRING TYPE, 11 CHARACTERS MAX™
143 = EXTERNAL QUTPUT 10 "STRING TYPE. 11 CHARACTERS MAX
144 = EXTERNAL QUTPUT 11 "STRING TYPE, 11 CHARACTERS MAX
145 = EXTERNAL OUTPUT 12 "STRING TYFE, 11 CHARACTERS MAX!
154 = EXTERNAL INPUT 7 "STRING TYPE, 11 CHARACTERS MAX
155 = EXTERNAL INPUT 8"STRING TYPE, 11 CHARACTERS MAX"
156 = EXTERNAL INPUT 8 "S5TRING TYPE. 11 CHARACTERS MAX®
157 = EXTERNAL INPUT 10 "STRING TYPE, 11 CHARACTERS MAX"
158 = EXTERNAL INPUT 11 "STRING TYPE, 11 CHARACTERS MAX®
158 = EXTERMAL INPUT 12 "STRING TYPE, 11 CHARACTERS MAX*
168 = EXTERNAL OUTPUT TYPE 7

169 = EXTERNAL OUTPUT TYPE 8

170 = EXTERNAL QUTPUT TYPE @

171 = EXTERNAL OUTPUT TYPE 10

172 = EXTERNAL QUTPUT TYPE 11

173 = EXTERNAL OUTPUT TYPE 12
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9. INTERNAL [fO DISPLAY EQUIPMENT CONSTANT ID'S

146 = INTERNAL OUTFUT 1 "STRING TYPE, 11 CHARACTERS MAK"
147 = [NTERMAL OUTPUT 2 "STRIMNG TYPE, 11 CHARACTERS bA&X"
148 = INTERMAL OUTPUT 3 "STRING TYPE, 11 CHARACTERS MAX"
149 = [NTERMAL OUTPUT 4 "STRING TYPE, 11 CHARACTERS hAAX"
180 = INTERMNAL QUTPUT 5 "STRING TYPE, 11 CHARACTERS MAX"
151 = INTERMAL QUTPLUT & "STRIRG TYPE, 11 CHARACTERS MAX"
152 = INTERNAL QUTPUT 7 "STRING TYPE, 11 CHARACTERS MAX"
153 = INTERMAL COUTPLIT & "STRING TYPE, 11 CHARACTERS Mac"
180 = INTERNAL INPUT 1 "STRING TYPE, 11 CHARACTERS MAX"
161 = INTERMAL INPUT 2 "STRING TYPE, 11 CHARACTERS MAX"
162 = INTERMAL IMPUT 3"STRING TYFPE, 11 CHARACTERS MAX
163 = INTERMAL INPUT 4 "STRING TYPE, 11 CHARACTERS MAX
164 = INTERMAL INPUT 6 "STRING TYPE, 11 CHARACTERS MAX®
165 = INTERMAL INPUT B *STRING TYFE, 11 CHARACTERS MAX"
186 = INTERMAL INPUT 7 "STRIMNG TYFE, 11 CHARACTERS MAX"
167 = [NTERMAL INPLT & "STRING TYPE, 11 CHARACTERS MAJ®

174 = INTERMAL OUTPUT TYPE 1 Ex. =
175 = INTERNAL OUTPUT TYPE 2 Ex, =1
176 = INTERNAL OUTPUT TYPE 3 Ex =1
177 = INTERMAL OUTPUT TYPE 4 Ev =1
178 = INTERNAL OUTPUT TYPE 5 Bx =1
179 = INTERNAL OUTPUT TYPE & Ex. =
180 = INTERNAL OUTPUT TYPE 7 Ex =
181 = INTERMNAL OUTPUT TYPE 8 Ex. =1
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7.5.2 STATUS VARIABLE ID'S (SVID)
Al status variable ID's are ASCI items 2 characiers long.

0= INFUTS

20 ASCIl CHARACTERS: 0 = ACTIVE, 1 = NOT ACTIVE.

15T 12 SENT ARE EXTERNAL 1 > 12 THEN INTERMAL 1 = 8.
a2 = OUTPUTS

20 ASCIl CHARACTERS: 0 = RELAY OPEN, 1 = CLOSED.

15T 12 SENT ARE EXTERNAL 1 > 12 THEN INTERNAL 1 = &,
03 = LOGICAL OUTPUTS

20 ASCI CHARACTERS: 0= FALSE, 1 = TRUE.

15T 12 SENT ARE EXTERNAL 1 = 12 THEN INTERNAL 1 > B.

= DUMP PROCESS INFORMATION
POSSIBLE 34 BLOCKS OF ASCH TEXT.
05 = XTAL LIFE
2 ASCI CHARACTERS:
EX. 03
06 = STATUS MESSAGES

16 ASCH CHARACTERS: 0 = FALSE, 1 = THUE.

15T CHARACTER = STOPPED

NEXT CHARACTER = MAX POWER CHANNEL 1

MEXT CHARACTER = MAX POWER CHANNEL 2

MEXT CHARACTER = CALIBRATING CHANMEL 1

MEXT CHARACTER = CALIBRATING CHAMNNEL 2

NEXT CHARACTER = CALIBRATION ERROR CHANNEL 1
NEXT CHARACTER = CALIBRATION ERROA CHANNEL 2
MEXT CHARACTER = XTAL FAIL

MNEXT CHARACTER = SHUTTER DELAY 1

NEXT CHARACTER = SHUTTER DELAY 2

MEXT CHARACTER = TEST MODE

MNEXT CHARACTER = EMISSICN OFF

MEXT CHARACTER = 50% LEAK,

NEXT CHARACTER = MAXIMUM LEAK

NEXT CHARACTER = EMISSION ERROR

NEXT CHARACTER = CABLE ERROR
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07 =

11 =

12 =

13=

STCPPED STATUS MESSAGES
2 ASCI CHARACTERS:

00 = PROGRAM LOSS

01 = POWER LOSS

05 = BAD POSITION

07 = EMISSION OFF

0B = XTAL FAIL

09 = MAx POWER CHANMEL 1
10 = MAX POWER CHANMEL 2
11 = FILTER CHANGER ERROR
12 = MO FILTER CHANGER

13 = XTAL CONFLICT

14 = EXTERMAL

15 = SENSOR FAll

16 = RATIC FRROR

32 = NOT STOPPED

RATE CHAMMEL 1

5 OR 6 ASCII CHARACTERS: UMNITS IN angsiroma.
EX. +900.0 (6 CHARACTERS)

EX. +1000 (5 CHARACTERS)

POWER CHANNEL 1

2 ASCH CHARACTERS:

EX 50

THICKNESS CHANNEL 1

5 or B ASCHl CHARACTERS: UNITS IN k angstroms.

EX. +539.0 (6 CHARACTERS)
EX. +1000 (5 CHARACTERS)
PHASE MESSAGE CHAMNEL 1
2 ASCI CHARACTERS:

00 = READY

01 = FILTER DELAY

12 = RISE 1

03 = S0AK 1

04 = RISE 2

05 = S0DAK 2

06 = SHUTTER DELAY

07 = DEPDSIT

08 = RATE RAMP

09 = TIME POWER

10 = FALL

11 = IDLE

12 = MANLAL
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7.5.3 REMOTE COMMAND CODES (RCMD)
Remote command codes are ASCH #ema 2 charactars ong.

00 = CHANGE DISPLAY TO MEML

01 = CHANGE DISPLAY TO DATA,

02 = CHANGE DISPLAY TO FILM

03 = CHANGE DISPLAY TO MONITOR
04 = CHAMNGE DISFLAY TO EXECUTIVE
05 = CHANGE DISPFLAY TO COMMUNICATIONS
06 = CHANGE DISPLAY TO EXTERMNAL 1O
07 = CHAMNGE DESPLAY TO INTERMAL (1O
08 = REMOTE LOCK OM

08 = REMOTE LOCK OFF

10 = D0 START

11 = DD STOP

12 = DD RESET

13 = FEAD THICKMNESS CHANNEL 1
14 = FEAD THICKHNESS CHANNEL 2
15 = DO CALIBRATION CHANMEL 1
16 = DO CALIBRATION CHAMNMNEL 2
17 = INTERLOCK OM

30 = INTERLOCK OFF

18 = TURM EMISSION ON

19 = TURMN EMISSION OFF

20 = FiNAL THICKNESS ALL

21 = FiNAL THRCENESS CHANMEL 1
22 = FINAL THICKNESS CHANMEL 2
23 = XTAL INHIBIT ON

N = XTAL INHIBIT OFF

24 = S0AK HOLD CHAMMEL 1 ON
32 = S0AK HOLD CHAMMEL 1 OFF
25 = 508K HOLD CHAMMEL 2 ON
33 = S0AK HOLD CHAMMEL 2 OFF
5 = CLOSE USER RELAY 1

E2 = CLOSE USER RELAY 2

53 = CLOSE USER RELAY 3

54 = CLOSE LISER RELAY 4

£5 = CLOSE USER RELAY 5

58 = CLOSE USER RELAY &

&1 = OPEN USER BELAY 1

62 = OPEN USER RELAY 2

&3 = OPFEN USER RELAY 3

B4 = OPEN USER RELAY 4

65 = OPEN USER RELAY 5

66 = OPEN USER RELAY &
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14 = PHASE TIME CHANMEL 1
5 ASCH CHARACTERS: UNITS IN min:sec.
EX. 9950

15 = ACTNVE FILM CHANMEL 1
1 ASCH CHARACTER;
EX. 6

16 = FILM TIME CHANMNEL 1
5 ASCH CHARACTERS: UNITS IN min:sec.
EX. 9550

7= RATE DEVIATION CHANMEL 1
5 ASCI CHARACTERS PER RATE DEVIATION; POSSIBLE 2 BLOCK
RESPONSE, UINITS IN angstrams.

EX. -40.0
VALLIES SAME FORMAT AS CHANMNEL 1
20 = AATE CHANMEL 2
= POWER CHANNEL 2
22 = THICKNESS CHANMEL 2
= PHASE MESSAGE CHANNEL 2
24 = PHASE TIME CHAMNEL 2
25 = ACTIVE FILM CHANNEL 2
M= FILM TIME CHANMEL 2
= AATE DEVIATION CHANMEL 2

VALLIES SAME FORMAT AS CHANNEL 1
0 = RATE MONITCR

7.5.4 ALARM ID'S (ALID)

Alarmn 10 = a 1-byte integar (wnsigned).
55H = ASCH U = PROCESS DOME

56H = ASCI ¥ = EQUIPMENT STOPPED
5TH = ASCI W = PROCESS STARTED
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