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Certification
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Service
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any work is done on the parts. A copy of the form is attached to the end of this manual.

Information in this document is subject to change without notice.
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Safety and Preparation For Use i

Printed in U.S.A.
Safety and Preparation for Use

WARNING!

Al

Line Cord

Service

Al

Fan

Dangerous voltages, capable of causing injury or death, are present in this instrument.
Use extreme caution whenever the instrument cover is removed. Do not remove the
cover while the unit is plugged into alive outlet.

The RGA built-in power module option (Opt02) has a detachable, three-wire power cord
for connection to the power source and to a protective ground. The exposed metal parts
of the instrument are connected to the outlet ground to protect against electrical shock.
Always use an outlet which has a properly connected protective ground.

Do not attempt to service or adjust this instrument unless another person, capable of
providing first aid or resuscitation, is present.

Do not install substitute parts or perform any unauthorized modifications to this
instrument. Contact the factory for instructions on how to return the instrument for
authorized service and adjustment.

The fansin the RGA are required to maintain proper operation. Do not block the ventsin
the chassis or the unit may not operate properly.
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Specifications

Operational

Mass Range:
RGA100
RGA200
RGA300
Massfilter type

Detector type

Resolution
(per AV S standard 2.3).

Sensitivity (A/Torr)*

Minimum detectable
partial pressure
(MDPP)*

Operating pressure
range

M ax. bakeout
temper atur e (without
ECU)

Operating Temperature

Recommended bakeout
temperature

Total press.
measur ement

* Measured with N, @ 28 amu with 1 amu full peak width @ 10% height, 70 eV electron energy, 12 eV

1to 100 amu
1to 200 amu
1to 300 amu

Quadrupole
(Cylindrical rods, rod diameter: 0.25”, rod length: 4.5")

Faraday cup (FC) - standard
Electron multiplier (CDEM) - optiona

Better than 0.5 amu @ 10% peak height
Adjustable to constant peak width throughout the entire mass
range.

210" (FC)
<200 (CDEM). User adjustable throughout high voltage range.

510™ Torr (FC).
510" Torr (CDEM).

10" Torr to UHV (FC)

10° Torr to UHV (CDEM)
300°C

70°C (max.)
200°C (O100HJR Heater Jacket recommended)

Available with FC measurements only

ion energy and 1 mA electron emission current.

| onizer

Design
Operation
Material

Openion source, cylindrical symmetry.
Electron impact ionization.
Stainless steel, type 304.
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Filament

Degas

Electron energy
lon energy
Focus voltage

Electron emission
current

General

Probe dimension
Probeinsertion

Probe mounting flange
Minimum port |.D.
ECU dimensions

LED indicators

Computer interface
Software

Power Requirement

Weight
Warranty

Thoriated Iridium (dual) with firmware protection. Field
replaceable.

1to 10 W Degas ramp-up.
25t0 105 V, programmable.
8 or 12 V, programmable.
0to 150V, programmable.
0to 3.5 mA, programmable.

8.75" from flange face to top of ionizer

2.0"

2.75" CF

1.375"

9.1" x 4.1"x 3.1". Easily separated from the probe for bakeout.

Power (ON/OFF), Filament (ON/OFF), Degas (ON/OFF), Elec.
mult. (ON/OFF), RS-232 (Busy signal), Error, Leak, and Burnt
Filament.

RS-232C, 28,800 Baud with high level command set and fully
enabled RTS/CTS handshaking.

Windows OS based application.

24VDC @ 2.5 Amps. Mae DB9 connector.
Optional 110/120/220/240 VAC (50/60 Hz) built-in power
module.

6 lbs.

One year parts and labor on materials and workmanship.
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Command List

Initialization
Name Description
ID Identification Query
IN Initialization

lonizer Control

Name
DG
EE
FL

IE

VF

Description

Degas |onizer

Electron Energy

Electron Emission Current

lon Energy

Focus Plate Voltage

Detection Control

Name
CA
CL
HV

MO
NF

Description
Calibrate All
Calibrate Electrometer
CDEM’s High Voltage

Multiplier Option
Noise Floor

Scan and Measurement Control

Name
AP
HP
HS
MF
MI
MR
SA
sC
TP

Description

Analog Scan Points
Histogram Scan Points
Histogram Scan Trigger
Final Mass

Initial Mass

Single mass measurement
Steps per amu

Analog Scan Trigger

Total Pressure measurement

Parameter Storage

Name
MG
MV
SP
ST

Description

CDEM gain storage

CDEM Bias Voltage storage
Partial Pressure Sensitivity
Total Pressure Sensitivity

Parameters
?

012

Parameters
0-20, *
25-105, *, ?

0-3.50, *, ?
0,1%*7?

0-150, *, ?

Parameters
none
none
0-2490, *,?

?
0-7,?

Parameters

?

?

0-255, *, none
1-M_MAX, *, ?
1-M_MAX, *,?
0, M_MAX
10-25,*,?
0-255,*, none
017

Parameters

0.0000-2000.0000,?

0-2490, ?
0.0000-10.0000,?

0.0000-100.0000, ?

Echo
ID String
STATUS Byte

Echo

STATUS Byte
STATUS Byte or query
response

STATUS Byte or query
response

STATUS Byte or query
response

STATUS Byte or query
response

Echo

STATUS Byte
STATUS Byte
STATUS Byte or query
response

CDEM option

Query response

Echo

Query response
Query Response
lon Currents
Query response
Query response
lon Current
Query response
lon Currents
lon Current

Echo

Query Response
Query Response
Query response
Query response
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Mass filter control

Name
ML

Tuning
Name
CE
DI
DS
RI

RS

Description
Mass Lock

Description

Calibration Enable Query
DI parameter

(Peak Width Tuning)

DS parameter

(Peak Width Tuning)
RF_Driver @0 amu
(Peak Position Tuning)
RF Driver @ 128 amu
(Peak Position Tuning)

Error Reporting

Name
ER
EP
ED
EQ
EM
EF
EC

Note: M_MAX= 100 for RGA 100, 200 for RGA200 and 300 for RGA300.

Description

STATUS Byte Query

PS _ERR Byte Query
DET_ERR Byte Query
QOMF_ERR Byte Query
CEM_ERR Byte Query
FIL_ERR Byte Query
RS232_ERR Byte Query

Parameters
0.0000-M_MAX

Parameters
2

0-255, *, ?
-2.5500-2.5500, *, ?
-86.0000-86.0000, *,
?.none

600.0000-1600.0000, *,
?,none

Parameters

NN ) N ) ) )

Echo
none

Echo
Query response
Query response

Query response
Query response

Query response

Echo

Query response
Query response
Query response
Query response
Query response
Query response
Query response
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Chapter 1
Getting Started

This chapter describesthe process of unpacking, checking and installing the SRS RGA on a
vacuum system.

Pleaseread and follow all installation instructionsto insurethat the optimum perfor mance of the
instrument is not compromised during theinstallation process.

In This Chapter
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Standard EQUIPMENt / SUPPIIES. .....c.eeiiiiieiicieeie ettt e et e s e e aesresraeee s 1-2
ACCESSOMIES ...t itee e ietee et e e ettt e et e e sbeeeeae e e s besesabeesbeseabeeesabessabeessasessabesssbbeesabesesbesesabeseabeeebeeesnres 1-2

(@ oo gL I =0T} o]0 1= | P TRSTR 1-2

Related EQUIPIMENT......c.iiieieii ettt st st a e tesaeestesteestesteereentesneeneesresneeneennas 1-3
L] = 1 = Ao N 1-4
Ll A oo [UT 3 {10 ] o [P 1-4

[ed 0] o TR 1 g EoY = 1 F=\ A (o ] o T 1-4
Hardware REQUITEMENES ......ccueiiiiiei et se e ee st ee e e et e e s e e e te e neesneesneesneesnnn 1-5

(0 107<0 (11T 1-6
Electronics Control Unit INStAlAtioN ......coouvveiiiiiiiiee e 1-8
Hardware REQUITEMENES ........c.eeiiiiee sttt sttt st te e e sa et s ne e e e tesneenenrn 1-8

[ 010/ o (U1 TR 1-10

RGA WIiNAOWS INSTAIAION ...t e e e e e e et s e e e s e raaa e e 1-11
Minimum System Requirements (Single Head Operation) ..........cccceceverereneneeieseneseseeseenes 1-11

[ 01w <0 [0 (TR 1-11

TUINING ON The RGA ...t e e e e e s e et e e e e e e e s st reeeeaeeeesannteeeas 1-12
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Unpacking

Before You Open the Box
1. To reduce the chance of contamination, do not remove the probe from its plastic
shipping container until moments beforeit is ready to be installed in the vacuum
system.

2. Avoid contaminating the RGA gauge. Follow good high vacuum practice. Set aside a
clean, dust free, work area next to the vacuum port before installation begins.

3. Pleaseread and follow all installation instructions in this chapter to insure that the
optimum performance of the instrument is not compromised during the installation
process.

4. Do not power up the instrument until it is instructed in the installation procedure.

5. Take amoment at thistime to read the CDEM Handling and Care section of the
RGA Maintenance chapter if your unit includes the el ectron multiplier option
(Option 01).

6. Do not operate the RGA if the pressure in the chamber is greater than 10 Torr.
Consult Appendix B for information on Pressure Reduction Systems.

7. Read the General Operation chapter of this manual for an overview of the instrument
and its functions.

8. Inspect al components of the SRS RGA System upon unpacking. Report any
damage to Stanford Research Systemsimmediately. Compare the contents of the
shipping container with the Checklist below and report any discrepancies.

Checklist
Standard Equipment / Supplies
1. One RGA Probe (in seaded plastic container.)
2. One Electronics Control Unit box.
3. Compact Disk with RGA Windows software.
4. DB9-DB9 RS232 cable (25’ length).

5. Operating Manual and Programming Reference.

Accessories
1. Female DB-9 cable connector, with two wires for 24V power supply connection (not
provided with Option 02).

Optional Equipment
1. Option 01 Electron multiplier, with HVPS. Preinstalled at the factory.
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2. Option 02 Built-in power module for AC line operation (Option 02). Preinstalled at
the factory. Includes one power cord.

3. Option 03 Electron Multiplier lon Counting Output (must also have Option 01.)
4., Option04 NIST Traceable 5 % calibration (N,)

5. O100RF Replacement Thoriated Iridium Filament Kit.

6. O100RI Replacement lonizer Kit (includes filament).

7. O100EM Replacement Electron Multiplier.

8. O100HJR 200 °C Heater Jacket for RGA (cannot be used with O100MAX)

9. O100MAX Maximum Insertion nipple with 4.5" CF Flange (Factory installed,;
standard nipple not supplied when this option is ordered).

Related Equipment
1. QMS100/200/300 Quadrupole Mass Sampler system.

2. PPR100/200/300 Vacuum Process Monitoring system.
3. CIS100/200/300  Closed lon Source quadrupole mass spectrometer.
4. PPM100 Optional stand-alone Partial Pressure monitor for RGA.

5. IGC100 lonization Gauge Controller
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Installation

Introduction
The standard SRS RGA System consists of

1. RGA Probe.
2. Electronics Control Unit (ECU.)
3. RGA Windows Software.

Specific hardware regquirements and installation instructions are needed for each one of
the components.

I mportant

e Follow theinstallation stepsin the strict order in which they are presented in this
chapter.

e Do not power up the instrument until it isindicated in the procedure.

o Read the hardware requirements before installation begins. Do not start the
installation procedure until all requirements are met.

e Pleaseread and follow all installation instructions to insure that the optimum
performance of the instrument is not compromised during the installation process.

Probe Installation
The RGA probe can be mounted on any standard 2 3/4" CF port of the vacuum chamber
that provides enough clearance for the ionizer’s outer cage.

A stainless steel tube (RGA Cover Nipple) covers the probe assembly with the exception
of theionizer. The ionizer is the only component of the probe that protrudesinto the
vacuum system (see Figure 1.)

Warnings.

¢ Do not remove the probe from its plastic shipping cover until it is ready to be
installed in the vacuum system.

¢ Do not remove the RGA Cover Nipple from the probe. The stainless steel tubeisan
integral part of the quadrupole assembly and the RGA will not operate properly
without it. Please consult the Hardware M odifications section in the RGA
Quadrupole Probe chapter of this manual for information on operating the RGA
probe without its factory provided cover nipple.

+ Do not disassemble or modify the quadrupole probe in any way without reading first
the Hardware Modifications section of the RGA Quadrupole Probe chapter.

¢ Use proper vacuum procedures while installing the probe:
Set aside a clean, dust free, work area next to the vacuum port.
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Wear gloves!
Do not talk or breath directly into the probe’ sionizer.
Use clean tools during the installation procedure!

¢ Protect the integrity of the Vacuum seals:
Do not use nonmetal seals.
Avoid scratching the metal seals.

+ Verify that the vacuum port is electrically grounded before attempting the installation
of the RGA Probe on the vacuum system.

Hardware Requirements

1. Do not operate the SRS RGA in corrosive gas environments. If the presence of
corrosive gases in the vacuum environment is known or suspected, consult SRS
before installing the probe in the vacuum chamber.

2. Do not operate the SRS RGA in the presence of strong magnetic fields. Magnetic
fields, such as those caused by superconducting magnets or cold cathode total
pressure gauges (i.e. Penning type), can affect the ion trajectories through the
quadrupole filter resulting in very unreliable measurements. If the presence of
magnetic fields in the vacuum environment is known or suspected, consult SRS
before mounting the probe on the vacuum chamber.

3. The maximum operating pressure of the RGA is 10 Torr. A pressure reduction
systemisrequired if the operating pressure of the vacuum chamber is greater than
10" Torr. Consult Appendix B of this manual for details.

4. The probe can be mounted directly onto any standard 2 3/4" CF port of avacuum
chamber provided the following placement requirements are met:

e Thevacuum port must have at least 1.375” internal diameter and 2.5 depth to
provide enough clearance for the ionizer (The insertion volume is comparable to
that required by a nude Bayard-Albert ion gauge).

¢ Any mounting orientation of the probe may be used.

e Theionizer isthe only component of the probe that protrudes into the vacuum
system and it must be located close to the point where partial pressures are to be
measured. If placed near a pump, the pressure in the ionizer may be considerably
lower than in the rest of the system. If placed near agasinlet or source of
contamination, the pressure in the gauge may be much higher. Long tubulation or
other constrictions between the ionizer and the rest of the vacuum system can
cause large errorsin the partial pressure readings.

e The probe must be distanced or shielded from all other instruments that could
potentially affect the RGA readings. For example, cross-talk with hot-cathode ion
gauges is possible but easily eliminated by proper shielding or changesin the
relative placement of the gauges.

e The probe must be protected from evaporation sources that could coat the
ionizer.
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e Enough clearance must be allowed for the ECU box that attaches directly to the
probe’ s feedthru flange.

e Choose the orientation of the ECU box prior to the installation of the probe. Six
different orientations can be obtained rotating the probe about its axis and lining
up the bolt holes of the 2 3/4” Conflat flanges.

Note: The ECU will operate in any orientation, but limited space, free accessto
the rear panel connectors and visual access to the LED’ s might limit the
orientation options in your vacuum system.

5. Thefollowing equipment must be available before the installation procedure starts:

e One standard OFHC copper gasket for 2 3/4" CF flange. New and clean!

e Six high-strength stainless steel boltsfor 2 3/4” CF flanges. Usesix 1/4-28 x 1
3/8” bolts, with one nut and two washers per screw, for flanges with through
holes; or six 1/4-28 x 7/8" bolts, with one washer per screw, to attach the probe’s
flange to a tapped vacuum port. Both standard hex and 12-point bolt heads are
compatible with the RGA’ s flange.

Use silver-plated bolts instead of messy anti-seize lubricants whenever available.

¢ Wrenches: One or two wrenches will be needed to tighten the six bolts and
compress the copper gasket. Usea 7/16” 12-point wrench for standard hex head
bolts and nuts, or a 1/4” 12-point wrench for 12-point bolt heads.

o Optiona adapter flanges. Install an adapter flange in the vacuum system if no 2
3/4" CF ports are available. Zero-Length Adapter flanges, witha 2 3/4" CF
flange on one side and a bigger size flange on the other, are an economical
alternative to reducing nipples.

Procedure
1. Determine the placement of the probe in the vacuum chamber following the

instructions listed in step 3 of the Hardware Requirements section.

Remove the probe from its plastic container.

Avoid contamination following good high vacuum practices. Do not touch with bare
fingers any part of the probe that will be exposed to the vacuum. Do not talk directly
at an open vacuum port.

Hold the probe in a secured upright position and do athorough visual inspection of
the part. Check for loose, damaged or misaligned components. Minor misalignments
of theionizer's outer cage (i.e. repeller) can occur during shipping and must be
corrected before the ionizer isinserted into the vacuum chamber. Check the integrity
of the metal sealsin all CF flanges.

Important: Abort the installation procedure and contact SRS immediately if the
probe appears damaged in any way.

Position the copper gasket and insert the probe’ sionizer into the vacuum system.
Rotate the probe about its axis and align the holes on the CF flanges, as necessary to
achieve the desired orientation for the ECU box. Avoid scratching the vacuum seals
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and do not use non-metal gaskets.

Important: Avoid touching the internal walls of the vacuum port with the repeller
cage during the installation procedure, since that could lead to serious misalignment
of the ionizer. Get an extra hand from a co-worker if necessary.

RGA Mounting Flange
Vacuum Chamber /

RGA Cover Nipple

Vacuum Port L lonizer -

| Probe Assembly

Figure 1 RGA Probe Installation

5. Insert the 6 bolts through the holes in the flanges and fingertighten them. Tighten the
bolts according to the standard tightening procedure for 2 3/4” CF flanges. Use 1/8
turnsin crisscrossorder: 1,4, 2,5,3,6,4,1,5, 2,6, 3, 1.... until the flanges arein
contact, and finish the tightening process with an extra 1/16 of aturn on each bolt.

6. Start pumping down the vacuum chamber as soon as the flange connection is sealed.
The RGA probeis pre-cleaned and leak tested at the factory and should only
contribute to the base pressure of the vacuum system through regular outgassing (i.e.
mostly water) from itswalls. If available, use the vacuum system’ s total pressure
gauge to leak test the probe’ s connection and monitor the chamber’s pressure as a
function of time.

Important:

¢ Redo the metal sedl if aleak in the vacuum system is detected after the probeis
installed. Inspect the integrity of the seals before positioning the new copper gasket .

e Contact SRS immediately if aleak in the feedthru flange is detected or even
suspected.

e Consult the Probe Bakeout instructions of the RGA Maintenance chapter if a bakeout
is needed prior to exposing the probe to the vacuum system’s main chamber.

e Anovernight pump-down is needed in instruments with the electron multiplier option
(Option 01). Consult the CDEM Preconditioning section of the RGA Maintenance
chapter before applying any voltage across the CDEM.

o If available, use an ohmmeter to check for shorts between the feedthru flange
connectors and the walls of the vacuum chamber. Vacuum ports with severely
misaligned CF Flanges and/or large internal weld joints are not uncommon, and can
result in a short between the ionizer and the inside walls of the vacuum port tube. If a
short is detected, use the Feedthru Flange Connectors drawing in the RGA Assembly
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chapter to identify the probe electrode that is causing the short. If the short isin the
repeller, remove the probe from the vacuum system and correct the alignment of the
outer repeller cage before reattaching the flanges (Correct alignment is best assured
when the two small holes on the side of the repeller cage line up with the filament
screws). If the vacuum port is severely misaligned, and the short cannot be
eliminated, consider replacing the vacuum port, using a different port or operating the
RGA without the repeller (See Hardware Modifications in the RGA Quadrupole
Probe chapter for instructions on operating without a repeller cage.)

Electronics Control Unit Installation
The Electronics Control Unit (ECU) attaches directly to the probe’ s feedthru-flange. Its
correct alignment to the probe is very important during installation. Carefully follow the
instructions below to insure proper alignment.

Warning:

Failureto follow theinstallation instructions below could result in damageto the
ceramic feedthru connector s of the probe’ s flange, and would require sending the
entire unit back to Stanford Research Systemsfor a complete flange r eplacement.

Hardware Requirements

1. Externa Power source:
Standard ECU boxes require an external 24 +/- 2V DC power supply @ 2.5 Amps
(i.e. 60 Waitt) to power its electronics.
Units with the optional built-in power module (Option 02) plug directly into awall
AC outlet and require no extra power sources.
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2. Power cables:
External 24V power supplies must have a cable with a9 pin, type D, female
connector on the free end, wired as described in the * ECU- 24V DC power
connector” diagram shown below.
Note: A power cable, with a properly wired, female, DB-9 cable connector, is
provided by SRS with all RGA units that do not include the built-in power module
(Option 02). Attach the connector’ s wires to alonger two-wire cable, of similar or
bigger gauge, to make a power cord compatible with the RGA’ s power connector.
RGA units with the optional built-in power module (Option 02) are connected
directly to awall outlet using the three wire power cord provided by SRS.

9 8 7 6
e &6 0 ©°
e 6 0 0 o
5 4 3 2 1

Pin #| Voltage
+24VDC
+24VDC
Ground
Ground
Ground
+24 VDC
Ground
+24 VDC
Ground

[En

OV~ |lWIN

Figure 2 ECU 24 VDC Power Connector

3. RS232 cable: A straight through RS232 cable with 9-pin, type D connectorsis
needed to connect the IBM compatible PC to the ECU box.
An adapter will be needed if the RS232 port of the computer has a 25 pin Type D
connector.

4. The probe must be installed in the vacuum chamber before the ECU box is mounted
on itsflange.
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Procedure
1. Begin by inspecting the front panel of the ECU box. Use the following diagram as a
reference during installation.

Probe alignment holes\

AWARNING

High Voltage inside
this unit. See manual for
safety notice.

Clearance 4
holes
(6 places)

9on0u Alpjes
10§ [enuew 33§ 1un siy}
apisur a8eljoA ySipy

ONINIVM

Internal connectors /
Locking screws
(2 places)

Figure 3 ECU Front Panel

2. Next, inspect the probe' s feedthru flange:
Eight ceramic feedthru connectors on a1’ diameter circle surround a center tube
terminated by a coaxial connector. Two alignment rods (1/4” diameter) insure the
correct alignment of the ECU box to the probe during installation and two threaded
holes (1/4-28) line up with the locking screws of the ECU box.

3. Push thelocking screws of the ECU box as far as they will go into the box.

4. Orient the ECU so that the two small alignment holes (1/4” diameter) on its front
panel and the alignment rods of the flange line up. Note that there is only one correct
way to do this!

5. Slidethe ECU into the probe using the alignment rods as a guide, and until physical
contact is made between the probe and the ECU’ sinternal connectors.

6. Using gentle pressure on the back of the box, push the probe’s conductorsinto the
ECU'’ s connectors until the front surface of the ECU rests flat against the back of the
feedthru flange.

Warning:

The alignment of the probe/ECU connections is checked at the factory, for each
individual RGA system and only slight resistance should be experienced during this
step. If significant resistance is noted while sliding the ECU onto the probe do not
exert excessive force since that might damage the ceramic-to-metal seals of the
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feedthrus. Instead, rock the ECU box up and down, while gently pushing on its back,
until the connectors line up. Once the connectors are all lined up, push the box in the
rest of the way.

7. Oncethe ECU isin place, use the knobs on the back panel of the ECU box, to turn
the locking screws and lock the assembly in place. Do not over tighten! (Hand
tighten.)

8. ECU Power Connection:
Important: Do not power up the RGA at thistime.
Standard ECU boxes must be connected to the external 24 VDC power supply. Insert
the 9 pin, Type D female cable connector into the ECU connector marked +24 VDC
@ 2.5A on the back panel of the ECU box.
Units with the optional built-in power module (Option 02) plug directly into an AC
outlet and require no extra power sources. Use the power entry module on the back
panel of the ECU box to power the RGA directly from an AC outlet. Use the three-
wire power cord provided by SRS to connect the RGA directly to a properly
grounded wall outlet.

9. ECU RS-232 connection: Use the straight through RS232 cable with 9-pin, type D
connectors to connect the computer (usually DTE) to the RGA. (If your computer
does not have an RS232 port, use a USB-t0-RS232 or Ethernet-to-RS232 adapter.)
Insert the 9 pin, Type D male cable connector into the ECU connector marked:
RS232/DCE/28.8k on the back panel of the ECU box.

Insert the 9 pin Type D female cable connector into the RS232 port on the computer
(or seria adapter). Use the DB25 to DB9 connector adapter if the computer (or serial
adapter) hasa 25 pin Type D connector.

RGA Windows Installation
Minimum System Requirements (Single Head Operation)
e |IBM PC compatible computer
e Mouse or equivalent pointing device.
o Serial port (RS232) or seria port adapter (USB-t0-RS232 or Ethernet-to-RS232).
e Straight through, DB-9 to DB-9, RS-232 cable.
e 100 Mbytes of free hard disk space.

e CD drive (for the installation disk). Software may also be downloaded directly to
your computer from the SRS website at www.thinkSRS.com.

e Microsoft Windows 98 or later.

o If aUSB to Seria adapter isrequired, install all necessary software drivers according
to the manufacturer’ s instructions.

Procedure
1. Turn on the computer and start MS Windows.
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2.

3.

Insert the RGA Windows software CD into the CD-drive of the computer.
Run the Setup program.

The software is automatically and completely installed by the RGA Setup Wizard.
Read and follow al instructions.

An“RGA” program group with the “RGA 3.0” icon is automatically created at the
end of the installation process.

Take amoment at thistime to read the RGA Windows Software Chapter of this
manual.

Connect any third party USB-to-Serial or Ethernet-to-serial adapter to the computer
and install all necessary software drivers asindicated by its manufacturer before
attempting to run the RGA Windows software.

Turning on the RGA

1

2.

Power up the RGA Head:

Standard RGA heads are powered up by turning on the external 24V power supply.
Units with a built in power module (Option 02) have a power switch on the back
panel of the ECU box.

When power is applied to the ECU, afirmware routine automatically checks the
external voltage level and turns on the green Power LED if the voltage is within the
acceptable range of 24 +/-2V DC. The SRS RGA Head is how ready to
communicate with the computer.
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Running the SRS RGA System

This section describes how to launch the RGA Windows program and start acquiring data
from the RGA Head. An analog scan from 1 to 50 amu is executed as an example.

Important: The following steps assume that all the installation instructions described in
the previous section were completed. The RGA Head should be mounted on the vacuum
system, powered up and connected to the RS232 port of the IBM compatible PC

computer or serial adapter. RGA Windows should be installed in the computer and ready

to run.

Warning:

Do not operatethe RGA if the pressurein the chamber isgreater than 10* Torr.

1. Turn on the computer and start MS Windows.

2. Start the RGA Software:
To start the RGA software simply double-click on the RGA icon in the "RGA"
program group created by the RGA installation program, or select the program
directly from the Window’ s task bar:

3. Connect to the RGA Head:

o Click on the toolbar’s RS232 Setup button or select Connector List Setup
from the Head menu.

e Locate the port to which the RGA head is connected on the connector column
and click to select it.

e Click on the Connect button.
e The connection is made when “Connected” is displayed in the status column and
the toolbar’s GO button turns green.

Close the connector list when the connection is compl eted.

Turn on the filament:

e Click on the toolbar’s Filament button .

o Theionizer is biased with default voltage values and the filament is turned on to
the default emission current. It takes afew seconds for the filament wire to warm
up during which asmall informative dialog box is active. The Filament button
remains highlighted as long as the filament is emitting el ectrons.

o The filament emission can be toggled on/off at any time clicking on the Filament
button. The ionizer settings can be changed selecting lonizer Settings from the
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Head Menu. A green status LED on the back panel of the ECU box indicates the
emission status of the filament at all times and it provides the fastest way to
verify if the filament is emitting electrons.

6. Perform an analog scan under the current scan conditions.
Analog mode is the spectrum analysis mode common to all Residual Gas Analyzers.
The X-Axis represents the mass range displayed in the Mass Spec Parameters menu.
The Y -Axis represents the ion current amplitudes of every mass increment measured.
RGA startsin the Analog mode of display by default. The scan range defaultsto 1 to
50 amu.

e Select Start from the Scan menu, or simply click on the toolbar’ s GO button ,
to trigger an analog scan.

o After asmall delay, the analog scan data starts to be displayed on the screen.

e Rescalethe Y-Axis clicking on the Auto Scale button or selecting Auto
Scale from the Graph Menu.

e ChangetheY-Axisto alogarithmic scale selecting the Log/Linear option of
Select Scale in the Graph menu item.

Please refer to the RGA Windows chapter of this manual, and the RGA On-Line Help
files, provided with the program disks, for detailed information on all the features,
procedures, and commands available in the RGA program.

Consult the RGA General Operation chapter of this manual for agenera overview of the
SRS RGA and its basic operating modes.
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Chapter 2

RGA General Operation

This chapter describesthe basic properties of the Stanford Resear ch Systems Residual Gas
Analyzer (SRSRGA).

In This Chapter
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What is an RGA?

What is an RGA?

Complete characterization of a vacuum environment requires the detection of all the
component gases present, as well as measurement of the total pressure. The instruments
used for this purpose are called Residual Gas Analyzers or Partial Pressure Analyzers.

A Residual Gas Analyzer (RGA) is mass spectrometer of small physical dimensions
that can be connected directly to a vacuum system and whose function isto analyze the
gases inside the vacuum chamber.

The principle of operation isthe same for all RGA instruments: A small fraction of the
gas molecules are ionized (positive ions), and the resulting ions are separated, detected
and measured according to their molecular masses.

RGA's are widely used to quickly identify the different molecules present in aresidual
gas environment and, when properly calibrated, can be used to determine the
concentrations or absolute partial pressures of the components of a gas mixture.
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The SRS RGA

The SRS RGA is a mass spectrometer consisting of a quadrupole probe, and an
Electronics Control Unit (ECU) which mounts directly on the probe' s flange, and
contains al the electronics necessary to operate the instrument.

‘ k Quadrupole Probe —‘

Figure 1Quadrupole Head Components

\7 Electronics Control

Unit (ECU)

The probeisaspecially engineered form of quadrupole mass spectrometer sensor that
mounts directly onto any standard 2 3/4" CF port of avacuum chamber. It is described in
detail in the RGA Prabe chapter of this manual. The total probe equipment consists of
three parts: the ionizer (electron impact), the quadrupole massfilter and theion
detector. All of these parts reside in the vacuum space where the gas analysis
measurements are made. The detector measures the ion currents directly (Faraday Cup)
or, using an optional electron multiplier detector (Option 01), measures an ion signal
proportional to theion current. A stainless steel tube (CF Full nipple) covers the probe
assembly with the exception of the ionizer.

The ECU isadensely packed box of electronics (3" x 4" x 9") that connects directly to
the probe’ s feedthru-flange and also to a host computer. It is described in detail in the
“RGA Electronics Control Unit” chapter of this manual. It includes several regulated
power supplies, a microprocessor, control firmware, and a standard RS232
communications port. It is powered by either an external 24 VDC (@2.5 Amps) power
supply or an optional built-in power module (Option 02) which plugs directly into an AC
outlet. A unique, temperature-compensated, logarithmic picoammeter built into its box
measures the ion currents collected by the Faraday cup (FC), or electron multiplier
(CDEM). The electrometer is completely autoranging and measures both positive and
negative currents with the same accuracy and resolution. Its operating range covers
current magnitudes between 107 and 10 A, providing six orders of magnitude dynamic
range during single mass measurements and scans, and detectable partial pressures better
than 10™*® Torr during electron multiplier detection.

The instrument is completed with the RGA Windows software package that runs on IBM
compatible PC's. Theintuitive graphical user interface allows measurements to be made
and displayed in avariety of modes. The program is fully interactive and measurements
are set up quickly and easily with the click of a mouse. The software also supports
multiple head operation when more than one RGA head is heeded. Please refer to the
RGA Windows chapter of this manual, and the RGA On-Line Help files, provided with
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The SRS RGA

the program disks, for detailed information on the features, procedures, and commands
availablein the RGA Windows program.

Intelligent firmware, built into the RGA Head, completely controls the operation of the
instrument, and provides four basic modes of operation of the mass spectrometer:

e Analog scanning

e Histogram scanning

e  Single mass measur ement

e  Total pressure measurement.

RGA Windows provides fast access to all the RGA functions without the need for any
computer programming; however, the instrument can also be programmed directly using
the RGA Command Set supported by its seria interface. Consult the RGA Programming
chapter of this manual for information on the programming options and a complete listing
of the RGA Command Set.

The SRS RGA is available in three different models with mass ranges of 1 to 100
(RGA100), 1 to 200 amu (RGA 200), and 1 to 300 amu (RGA300). All models operatein
the “Constant Resolution” or “Constant Am” mode, with AM 104, preset to one amu at the
factory.

The operating pressure is UHV to 10 Torr for al models.

A complete product specifications listing isincluded in the introductory sections of this
manual.
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Basic Operating Modes of the SRS RGA

The SRS RGA is a mass spectrometer that analyzes residual gases by ionizing some of
the gas molecules (positive ions), separating the resulting ions according to their
respective masses and measuring the ion currents at each mass. Partial pressure
measurements are determined with the help of previoudy calculated sensitivity (i.e.
calibration) factors by reference to the abundance of the individual mass numbers
attributed to each gastype.

During analysis, positive ions are formed within the ionizer and directed towards the
spectrometer’ s quadr upole mass-filter. The mass filter determines which ions reach the
detector at any given time. It is operated by a combination of RF and DC voltages and the
filtering action is based on the mass-to-charge dependency of the ion trajectories on the
RF and DC fields. The magnitude and frequency of the RF determine the mass-to-charge
ratio of theionsthat can pass through the filter without striking the rods (i.e. with stable
oscillations). The RF/DC ratio determines the filter selectivity. lons that successfully pass
through the filter are focused towards the detector and the resulting analog current is
measured by the very sensitive el ectrometer.

A brief note on Mass Unitsin M ass Spectrometry:

Since molecules are so small, it is convenient to define a special type of mass units to
express the masses of individual ions. The atomic mass unit, amu, defined as 1/12 of the
mass of a single carbon atom, isotope 12 (i.e. 2C), is the unit of molecular mass most
commonly used in mass spectrometry (1 amu = 1.660 540 x 10 kg). To avery accurate
approximation, the mass of a molecule in atomic mass units (amu) is equal to its mass
number M, defined as the sum of the number of protons and neutrons in the molecule.

M ass spectrometer s do not actually measur e the molecular mass directly, but rather
the mass-to-charge ratio of theions. The mass-to-charge ratio, M/Q, is defined as the
ratio of the mass number M of theion to its charge Q, measured in units of the electron
charge €. For example: doubly charged ions of argon isotope 36 (*°*Ar*") and singly
charged ions of water, *H,™°0", have M/Q = 18, and cannot be differentiated from each
other with most mass spectrometers.

For singly charged ions, the massto charge ratio is numerically equal to the mass of the
ion in atomic mass units (amu).

RGA usersoften usetheterm “mass of an ion” when they really mean the mass-to-
chargeratio. This convenient way of speakingisstrictly valid for singly charged
ionsonly.

The SRS RGA as a Mass spectrometer
The SRS RGA can perform both analog and histogram scans over its entire mass range.
Residual gas analysisrelies on the interpretation of the spectral data generated by these
two modes to completely characterize, both qualitatively and quantitatively, a vacuum
environment.
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RGA Windows uses the two modes to generate the data for the Analog and Histogram
Scan Modes.

Analog scanning is the most basic operation of the RGA as a quadrupole mass
spectrometer. During analog scanning the quadrupole mass spectrometer is stepped at
fixed mass increments through a pre-specified mass-range. The ion current is measured
after each mass-increment step and transmitted to the host computer over RS232. Analog
scanning allows the detection of fractional masses and provides the only direct view of
the peak shapes and resolution of the instrument.

A Histogram (Bar Mode) Scan consists of a succession of individual peak-height
measurements over a pre-specified mass range. A single value is used to represent the
peak heights at each integer mass within the range. The peak height measurements are
made with the Peak-locking scanning procedure described in the next section. Histogram
scanning is one of the most commonly used modes of operation for the RGA. Itstwo
main advantages are a faster scan rate than analog scans, and a reduced amount of data
being exchanged during the scan.

The SRS RGA as a Single Gas monitor
The SRS RGA can measure individual peak heights at any integer mass within its mass
range.

This mode of operation is used to generate data for leak testing measurements, and to
track changes in the concentrations of several different components of a mixture asa
function of time. The outputs provided by a set of single mass measurements are often
used in process control programs to control alarms, analog and digital outputs, and relays.

RGA Windows uses this mode to generate its data for the Table, Pressure vstime,
Annunciator and Leak Detection modes.

Peak L ocking procedure: During a Single Mass M easurement the RGA performs a
Miniscan around the mass requested, and the maximum current value measured is sent
out over RS232. The scanning procedure, referred to as Peak-L ocking, is designed to
measure peak currents for individual masses in a mass spectrum without being affected
by driftsin the mass-axis calibration. The Miniscan covers a 0.6 amu range centered at
the mass requested, and sel ects the maximum current from 7 individual measurements
performed at 0.1 amu mass increments.

The SRS RGA as a Total Pressure Gauge
The SRS RGA can measure total pressures.

The RGA might be thought of asa Total Pressure lonization gauge with a mass analyzer
interposed between the ionizer and the detector. Thus, by disabling the mass-filtering
action of the analyzer section, it is possible to detect the total ion current from the ionizer
and perform total pressure measurements. A total pressure sensitivity factor, stored in the
non-volatile memory of the RGA, is used by RGA Windows to convert total current
measurements into total pressures.
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Important: The RGA’s sensitivity factor for total pressure measurements is highly mass
dependent. Some residual mass discrimination takes place in the filter that resultsin the
mass dependence of the RGA readings being different from that of the Bayard-Alpert
gauges. Expect to see deviations between the two gauges as the composition of the
residual gas changes.

Do not rely on the RGA total pressure measurement for critical applications where
accur ate total pressure measurementsarerequired. A high precision |GC100
controller connected to a calibrated Bayard-Alpert ionization gaugeis
recommended instead.

Note: RGA Windows cannot perform total pressure measurements while the electron
multplier is activated. As aresult, the total pressure window displays zero values while
the electron multiplier is being used. For more information on this subject please consult
the section titled Total Pressure Measurementsin the Programming chapter of this
manual.
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Residual Gas Analysis Basics

The SRS RGA can perform both qualitative and quantitative analysis of the gasesin a
vacuum system. Obtaining spectrawith the SRS RGA isvery simple. Interpreting the
spectra, that is, understanding what the spectraistrying to tell you about your vacuum
system requires some work.

The following sections will introduce some basic concepts of Spectral Analysis
emphasizing the main aspects of Residual Gas Analysis. Consult Appendix A of this
manual for specific examples on the application of the SRS RGA to vacuum diagnosis

For additional information on the subject of Residual Gas Analysis refer to:

1. J. Drinkwine and D. Lichtman, Partial Pressure Analyzers and Analysis, AVS
Monograph Series published by the Education Committee of the American Vacuum
Society

2. Basford et. a., J Vac. Sci. Technol. A 11(3) (1993) A22-40 “Recommended Practice for
the Calibration of Mass Spectrometers for Partial Pressure Analysis. Updateto AVS
Standard 2.3".

For information on multiple linear regression analysis consult:

1. William H. Press, €t. al., 1992, Numerical Recipesin C, The Art of Scientific Computing,
Second Edition, Cambridge Univ. Press, section 15.4, page 671.

2. Bevington, P.R., 1969, Data Reduction and Error Analysis for the Physical Sciences,
New York, McGraw-Hill, Chapters 8-9.

How Mass Spectra are Interpreted
A mass spectrum, taken in areal system, will almost always contain signals from a
mixture of various gases. Careful and complete interpretation of the spectrum (i.e. a
complete spectral analysis) should reveal the identity, as well as the concentrations, of the
various components which have produced the spectrum.

The first step in the spectral analysis processis to correctly identify the mass-to-charge
ratio of all the peaksin the mass spectrum. A well calibrated mass scale is essential to this
task. See the RGA Tuning Chapter for a detailed description of the mass scale calibration
procedure.

Once all the peaks have been labeled, the next step is to identify the residual gases that
have produced the spectrum. A knowledge of the recent history of your system may
provide very valuable clues as to the possible gases that may be residuals in the vacuum
chamber. A familiarity with the standard spectra of commonly expected gases will
generally help to determine the major and minor components in the system. Any peak in
the spectrum may consist of contributions from molecular ions and/or fragment ions, or
multiply ionized species. The qualitative spectral analysisis completed when all the
peaksin the spectrum have been “uniquely assigned” to the components of a gas
mixture, in complete agreement with the known fragmentation patterns of the
components.
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In cases where only the major components are of interest, some of the minor peaks of the
spectrum will remain unassigned. If only afew species are being monitored, only the
peaks corresponding to the substances of interest need to be assigned and monitored.

Notes on Fragmentation Patter ns: The electron impact type of ionizer used in modern
RGA’s amost always causes more than one kind of ion to be produced from a single type
of gas molecule. Multiple ionization, molecular fragmentation and changes in the isotopic
composition of the molecule are responsible for the effect. All ions formed contribute to
the mass spectrum of the molecule and define its fragmentation pattern. The
identification and interpretation of mass spectra must begin with a knowledge and
understanding of the standard fragment patterns of atoms and molecules that may exist in
the system. The standard fragment patterns of most molecules commonly encountered in
residual gas analysis are well established and listed in the general RGA Literature. A very
complete library can also be accessed through the Library Search Utility of the RGA
Windows software. The Gas Library has a standard text file format, and can easily be
read, extended or modified by the user to fit hisindividual needs.

Residual Gas Analysis Tip: Virtually every vacuum system will have detectable
amounts of hydrogen (2 amu), water (18 amu), carbon monoxide (28 amu) and carbon
dioxide (44 amu). Become familiar with these species and their fragmentation patterns,
and use their peaks to verify the correct performance of the instrument (i.e. mass scale
calibration and mass resolution) while operating the RGA.

Partial Pressure Measurement
Once the different components of a mixture have been identified it is possible to use the
SRS RGA to obtain quantitative values for the various partial pressures. This section
describes the basic steps needed to perform quantitative measurements with the
instrument. The formalism presented assumes multiple gas analysis, but is equally valid
for single gas measurements. Please consult the suggested references for details and
examples of these procedures.
The entire mathematical formalism used to derive the partial pressures of a mixture based
on a single mass spectrum is based on one assumption:

Thetotal spectrum isalinear combination of the spectra of the different speciesthat
arepresent in the mixture. In other words, the total spectrum is equal to the sum of the
individual peaks that would be observed if each constituent were alone in the system.

In mathematical terms, the assumption stated above can be written as the following linear
equation:

where:

g isan integer variable that represents the gases present (i.e. assign an integer to
each gas starting with one)

M is an integer variable that represents the mass numbers for the entire mass
range of the spectrum.
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Hy1= total peak height (amps) of the spectrum at mass number M.
hw g= peak height contribution (amps) from gas g at mass M.

hMg isrelated to the fragmentation pattern, the RGA’ s sensitivity and the partial pressure of gas g
by the equation:

hvg = amg Sy Py )

where:

Oumg = Fragmentation factor of gas g at mass M: Ratio of ion signal at mass M to theion
signal at the principal mass peak for gas g.

Sg = RGA’s partial pressure sensitivity factor for gas g, in amp/Torr (see Partial Pressure
Sengitivity Factor below)

P, = Partial pressure of gas g in the system.

Equations (1) and (2) are combined to obtain the system of equations:

Hu = Zg(Sg amg) Py 3

Since all gases have more than one peak in their fragmentation pattern, the number of peaks (M)
inareal spectrumis generally larger than the number of gases (g). As aresult, the system of
equations (3) usually has more equations than unknowns. This situation is sometimes simplified
eliminating some of the extra equations, however, the best results are obtained using all the
equations and a multiple linear regression procedure to calculate the best possible fit to the data.

Obviously, accurate results can only be obtained if the constants OLyg and Sg are well known for
the RGA being used.

Note: The Analyze Utility of RGA Windows uses amultiple linear regression algorithm, as
mentioned above, to automatically calculate the composition of a“typical residual gas
environment” at the end of any 1-50 amu spectral scan. Please see the RGA On-Line Help files
for details.

Standard fragmentation patterns (for example, the fragmentation patterns included in the RGA

Library of RGA Windows) can be used as a source of OLyg vauesin moderately quantitative
determinations. However, when very precise numbers are desired, one should obtain the
appropriate fragment patterns by introducing pure gas into the RGA being used. The fragment
patterns must be obtained under the same conditions that will be used during regular spectral
analysis since they depend on many instrumental parameters, including: electron energy,
emission current, ionizer design, mass filter settings, detector type, multiplier gain, etc. The
principal mass peak of afragmentation pattern is simply the most intense peak of the spectrum,
and the intensity of all the other peaksin the pattern are normalized to its height for the

calculation of fragmentation factors. Note that by our definition the i\ g value for the
principal mass peak of any gasis equal to one. Principal mass peaks are used in the calculation
of the sengitivity of the SRS RGA to different gases as shown below.
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Partial Pressure Sensitivity Factors

The partial pressure sensitivity of the RGA to agasg, Sg is defined as the ratio of the
change (H-Ho) in principal mass peak height to the corresponding change (P-Pg) in
total pressure due to achange in partial pressure of the particular gas species. Hg and Py
are background values.

Sy = (H-Ho) / (P-Py)

The units of Sg are of ion current per unit pressure (amp/Torr, for example).

The sensitivity of the RGA varies with different gases, changes with time due to aging of
the head, and is a strong function of the operating conditions of the instrument. Careful

guantitative analysis requires that the sensitivity factor, Sg be determined for every gas
which may be a component gas in the system being analyzed. The sensitivity factors must
be obtained under the same operating conditions that will be used during general partial
pressure analysis since they depend on many instrumental parameters, including:
ionization energy, emission current, mass filter setting, type of detector, etc.

In order to separate the gain of the electron multiplier from the intrinsic sensitivity of the
RGA head, the sensitivity factors of the SRS RGA are defined for Faraday Cup detection.
A separate Electron Multiplier Gain Factor, is used to correct the ion signals when the
electron multiplier isturned on. See the Sensitivity and Electron Multiplier Tuning
sections of the RGA Tuning Chapter for details.

The basic procedure for determining the sensitivity of a particular gasin the RGA isthe
following:

e Introduce the pure gas into the vacuum system, at a known or cal culable pressure
(typically around 10°® Torr).

e  Measure the output signal from the RGA for the principal mass peak of that gas
using the Faraday cup detector.

e Theratio of thisoutput signal to the pressure of the gasis the sensitivity factor, Sg

During these measurements it is very important to insure that the partial pressures of all
other gasesin the system are small enough so that they may be neglected. The sensitivity
factors calculated can only be applied to situations where the RGA is used with the same
operating parameters. See the Sensitivity Tuning section in the RGA Tuning chapter of
this manual for more details on this calibration procedure.

A total pressure sensitivity factor is also needed by the SRS RGA to convert the ion currents
obtained during total pressure measurements into total pressures. Total pressure sensitivity factors
vary with different gases and share many of the properties of the partial pressure factors. They are
determined by a procedure identical to the one described above, but with the partial pressure
measurements replaced by total pressure measurements.
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The underlying assumption when using sensitivity factorsin quantitative calculationsis that there
isalinear relation between the partia pressure and the corresponding RGA signals of the gases.
Deviations from linearity are to be expected above 10° Torr due to space charge effectsin the
ionizer and ion-neutral scattering interactionsin the filter. A more thorough check of the RGA’s
sensitivity involves measuring the RGA signals over several orders of magnitude of partial
pressure to determine the range over which alinear relationship exists. The sensitivity factor for
the gasis calculated as the slope of the “signal vs. partial pressure’ response over the linear
range.

RGA Windows uses two sensitivity factors stored in the non-volatile memory of the RGA Head.
The sensitivity factors, one for total pressure and one for partial pressure, are used as conversion
factors between the ion currents received form the head and the pressure units selected by the
user. The sensitivity factors are measured with the Faraday Cup detector and can be updated or
changed very easily using the Sensitivity Tuning command in the Head menu. A separate
Electron Multiplier Gain Factor, stored in the non-volatile memory of the RGA Head, is used to
correct theion signals for the gain of the electron multiplier. The gain of the electron multiplier is
highly mass dependent and defined relative to the corresponding FC signal. An automatic
Electron Multiplier Gain Adjustment command, built into the program, can adjust the CDEM
voltage for any gain between 10 and 10°. Consult the RGA On-Line Help Files for details on the
automated tuning procedures built into the RGA Windows program. Also see the Sensitivity and
Electron Multiplier Tuning sections of the RGA Tuning Chapter for more general information.

The Table mode of RGA Windows offers scaling factors for al of its channels eliminating the
limitations imposed by the single sensitivity factor on multiple partial pressure calculations. For
example, the scaling factors can be used to display correct partial pressure for al the speciesina
tableif the ratios between the partial pressure sensitivities of the different components are known
and only principal mass peaks are used to monitor them. The scaling factors can also be adjusted
to correct against the mass discrimination of the electron multiplier’ s gain.

Important: Following current industry standards, the partial pressure sensitivity factor stored at
the factory corresponds to N, measured at 28 amu with Amy,=1 amu, default ionizer settings
and Faraday Cup Detection.

Single gas measurement example:
Monitoring the concentrations of one or few componentsin a system is easy in the absence of
severe spectral interference.

Suppose a system where argon is measured at 40 amu (principal mass), in the absence of any
other gases that contribute asignal at that mass value. The sensitivity to argon was previously

measured at Sa,=10" amps/Torr, and the electron multiplier is biased and its gain at mass 40 was
previously measured at g(;DE|\/|=1.02'103 relative to the FC signal.

The partial pressure of argon, Pay, is easily calculated measuring the intensity (i.e. peak height)
of the ion current at mass 40, | 4.

Par =lag/ (Jcpem - Sar) , units of Torr (@]

The peak value, | 49, can be extracted from a spectral scan or measured directly using the single
mass measurement mode of the SRS RGA. For example, a 10° amp peak value corresponds to
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9.810° Torr of Ar. Note that equation (4) is a particular case of equation (3), and that the
fragmentation factor for the principal peak of Ar isone by definition.
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Chapter 3
RGA Quadrupole Probe

This chapter describesthe design and principles of operation of the components of the
RGA Quadrupole probe.

In This Chapter
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Introduction

The SRS RGA is a mass spectrometer consisting of a quadrupole probe, and an
Electronics Control Unit (ECU) which mounts directly on the probe' s flange and
contains al the necessary electronics for operating the instrument.

17 lonizer

Electronics Control ‘ ! Quadrupole Probe
Unit (ECU)

Figure 1 Quadrupole Head Components

The probe is a specially engineered form of quadrupole mass spectrometer sensor. It is
mostly constructed out of type 304 stainless steel and high purity alumina, and mounts
directly onto any standard 2.75" CF port of avacuum chamber. It analyzes residual gases
ionizing some of the gas molecules (positive ions), separating the resulting ions
according to their respective masses and measuring the ion currents at each mass.

The total probe equipment consists of three parts: theionizer, the quadrupolefilter and
theion detector. All of these parts reside in the vacuum space where the gas analysis
measurements are made.

! !
lonizer |j:> lon Filter I:£> lon Detector
|

il
|
|
|
|

Figure 2 Probe Components

A stainless steel tube (RGA Cover Nipple) covers the probe assembly with the exception
of theionizer. A 2.75" CF port with at least 1.375” inside diameter and 2.5” depthis
needed to provide clearance for the insertion of the ionizer into a vacuum system. This
insertion volume is comparable to that taken by aregular Bayard-Albert ion gauge.

A high vacuum environment (10" Torr or less) is required for operation.
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Positive ions are produced in the ionizer by bombarding residual gas molecules with
electrons derived from a heated filament. The ions are then directed toward the entrance
of theion filter where they are separated based on their mass-to-charge ratio.

Description
The SRS RGA ionizer is of an open design (wire mesh construction) with cylindrical
symmetry and mounted co-axially with the filter assembly. The open configuration
provides unrestricted communication between the vacuum environment and the ionizing
region. The entire assembly is built out of type 304 stainless steel for complete vacuum
compatibility. The simple mesh design is very clean (low outgassing) and easy to service.

The principle parts of the ionizer are: the repeller, the anode grid, the filament and the
focus plate.

Focus Plate

0 Anode Grid

Filament

Repeller

Figure 3 lonizer Components

The filament is made out of oxidation-resistant thoria coated iridium wire, which operates
at low temperature and can be exposed to atmosphere without the risk of burn-out. The
circular construction consisting of two ThO,/Ir wires surrounding the anode grid
preserves the cylindrical symmetry of the ionizer. Both filaments operate simultaneously
under normal operation, and serviceis not interrupted if asingle filament burns out (i.e.
the emission regulator automatically readjusts the temperature of the remaining filament
to restore the electron emission current). Once they wear out, the filaments can easily be
replaced in the field (Please see the RGA Maintenance chapter for details). A firmware
driven filament-protection feature constantly monitors (675 Hz) for overpressure. If
overpressure is detected the filament isimmediately shut off, preserving itslife.

Principle of operation
The principle of operation of theionizer is similar to the Bayard-Alpert gauge, except
there is no central wire collector, and the electron repeller has been added.
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Filament\ Repeller

Anode grid

Figure 4 lonizer Schematic

The filament is the source of the electrons used in ionizing the gas molecules. It operates
at anegative potential relative to ground and is resistively heated to incandescence with
an electrical current from the emission regulator. The thermionically emitted electrons are
accelerated towards the anode grid which is positively charged with reference to the
filament and ground. Because of the open (i.e. wire mesh) design of the anode grid cage,
most electrons do not strike the anode immediately, but pass through the cage where they
create ions through electron impact ionization. Electrons which do not strike agrid wire
or ionize any molecules, pass through the grid volume into the region between the anode
grid and the repeller. There they decelerate and re-accel erate back toward the grid
because of the electric field created between the repeller and the anode grid. Electrons
continue circulating in this fashion until they are collected by the grid or are lost by
recapture. The multiple passes increase the ionization efficiency of the electron current
relative to single pass configurations. Within the anode grid volume, ions are attracted to
the center by the negative potential produced by an increasing electron density toward the
center. Hence, the ions, once formed, tend to stay within the anode grid structure, and the
ion distribution is more localized along the axis. The ions formed within the anode grid
volume, are extracted from theionizer by the electric field produced by the differencein
voltage bias between the anode grid and the focus plate. The focus plate is kept at a
negative potential (relative to ground) and its function is to draw the ions out of the anode
cage and focus them into the filter section. The repeller, which completely encloses the
ionizer, is biased negative relative to the filament and prevents the loss of electrons from
theion source. The Repeller Grid and the Focus Plate are only biased while the
filament is emitting electrons.

The technique of electron impact ionization requires low pressure for the efficient
production of electrons and the subsequent formation of ions. The ionizer is best suited
for operation in the high and ultrahigh vacuum range (10 to 10™ Torr). Non-linearities
in the ion currents, attributed mostly to space charge effects, are to be expected at
pressures above 107 Torr. Non-linearity effects can be minimized operating at reduced
electron emission current settings.

Parameter Settings

The parameters that affect the ionization efficiency of the ionizer are: electron energy, ion
energy, electron emission current and focusing voltage. The general principles by which
they affect the performance of the source are well understood.
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The ECU contains all the necessary high voltage and current supplies needed to bias the
ionizer’s electrodes and establish an electron emission current. The ionizer settings can
be directly controlled and monitored by the user through the RGA’ s high level command
Set.

The following table summarizes the ionizer settings available to the user, including
default factory values, parameter ranges and minimum acceptabl e increments:

lonizer settings:

Units Default Range Min. Incr.
lon Energy eV 12 8(low) or 12(high) n.a
Electron Energy ev 70 2510 105 1
Focus Voltage V -90 0to-150 1
Emission Current mA 1.00 0to 3.5 mA .02

The average electron energy, expressed in eV, is equal to the voltage difference between
the filament and the anode grid and can be set anywhere in the range of 25to0 105 eV.
For electrons to produce ionization of gas molecules by bombardment, they must have a
certain minimum kinetic energy. This minimum energy is caled theionization potential
and is different for every molecule. Above the threshold, the ionization efficiency
increases linearly with the electron energy until a maximum is reached. For most
molecules, this maximum isin the range of about 50 -100 eV, and for electron energies
above the maximum, the ionization efficiency slowly decreases with electron energy.

The kinetic energy of theions as they move down theion filter, simply referred to as the
ion energy, and expressed in €V, is equal to the voltage biasing of the anode grid. Two
ion energy settings (i.e. anode grid voltages) are: 8 (low) or 12 eV (high). The ion energy
setting affects the magnitude of the ion signals collected (i.e. sensitivity of the
spectrometer) and limits the ultimate resolution of the mass filter. Newly formed ions are
attracted by the negative potential of the focus plate and passed to the ion filter where
they are decelerated by the ground potential at the central axis of the quadrupole rod
assembly. Hence, the anode grid voltage defines the kinetic energy of the ions as they
enter the ion filter. lon energy determines the time spent by the ionsin the filter and
hence, limits the resolution that can be obtained. Itiswell established that the resolution
limit is governed by the number of cycles of RF field to which the ions are exposed
before they reach the detector. In practice, the minimum resolution, Am;g, iS mass
independent, linearly related to the ion energy, and inversely proportional to the square of
the product of the quadrupole length and frequency. The two available ion energy
settings correspond to ultimate resolutions of approximately 0.3 and 0.5 amu (well under
the 1 amu factory default setting). lon energy also determines the time spent by the ions
in the fringing fields at the entrance and exit points of the filter. lons passing through the
fringing fields can collect high transverse velocities and are more likely to collide with
the quadrupole rods and never be collected at the detector. As aresult, ion signals (i.e.
sensitivity) generally increase with ion energy.

The focus plate negative potential can be adjusted to any value within the range of 0 to
-150 V. In general, the voltage is selected so as to optimize theion signals. The plate
serves the double purpose of drawing theions away from the anode grid, and containing
the ionizing electrons inside the source. Electron leakage into the filter is only detectable
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at low mass settings (1 to 10 amu) and can easily be eliminated biasing the focus plate at
least 30V more negative than the repeller.

The electron emission current isthe electron current from the filament to the grid. The
available emission current rangeis 0 to 3.5 mA.

When an electron emission current is requested, the RGA biases the ionizer’ s electrodes
and activates the filament’ s heater until the desired emission current is achieved. A
“Background Filament Protection” Mode is automatically enabled to monitor the
performance of the filament while it is emitting electrons. The Filament LED remains on
aslong as the filament is emitting electrons. If a problem is detected in the operation of
the filament (i.e. burnt filament or overpressure), the heater is immediately shut down and
the prablem is prompted by the LED’s. If a current of 0 mA isrequested, the filament’s
heater is shut down, the repeller and focus plate are biased to ground, the CDEM is
turned off (if necessary), and the Filament LED is turned off to indicate the absence of
emission in the ionizer.

The electron emission current is very tightly regulated by afeedback control loop which
dynamically adjusts the operating temperature of the filaments to keep the total emission
current constant. The emission of electrons from the filamentsis limited by space-charge
effects (Child's Law limitations). The maximum current attainable is a function of the
grid-to-repeller spacing and its potentials. Idedlly, the rate of formation of ions should be
proportional to the electron emission current. In practice, the exact dependence between
ion signal and electron emission current in small ion sources is complicated by space-
charge effects and only general trends can be predicted. Greater ionization efficiency is
to be expected as the electron emission current increases.
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Quadrupole mass filter

Positive ions are transferred from the ionizer into the quadrupole where they are filtered
according to their mass-to-charge ratios. lons that successfully pass through the
guadrupole are focused towards the detector by an exit aperture held at ground potential .

Description
The quadrupole massfilter is an el ectrodynamic quadrupol e operated by a combination of
DC and RF voltages. It is constructed of four electrically-conducting, cylindrical rods
accurately held in place by a set of two high-purity aluminainsulators.

Spring loaded
perforated screws

Alumina spacers

Figure 5 Quadrupole Mass Filter Components

Round electrodes are a common replacement for hyperbolic onesin modern RGA’s and
result in reduced cost and ease of construction. The stainless steel (type 304) rods are
4.5" long, have a 0.250" diameter (100 pin tolerance) and are held in quadrature and
parallel to each other, to tolerances better than 300 pin, by the precision ground alumina
spacers. Spring loaded, perforated screws fasten the rods to the spacers. The whole
assembly is self-aligning, can easily be taken apart for cleaning and it can withstand
repeated cycling to 300°C for bakeout. The exact placement of the rods is optimized to
minimize the distortion of the electrodynamic quadrupole field by canceling higher order
(multipole) potential terms. The radius of the circle inscribed by the rodsis 0.109”. The
frequency of operation isf=2.7648 MHz.
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Quadrupole mass filter

Principle of operation

The following figure schematically represents the quadrupole mass filter and its
connections.

Quadrupole
axis .-
R

U+V, cosmt

-(U+V, cosmt)

Figure 6 Quadrupole Connections

During operation, atwo dimensional (X-Y) quadrupole field is established between the
four cylindrical electrodes with the two opposite rods connected together electricaly.
lons enter the filter along the Z-axis and start oscillating in the X- and Y - directions. The
ions are separated based on their mass-to-charge ratio by lateral forces resulting from the
electric potentials applied to the rods. A combination of DC and RF voltages control the
guadrupole filter operation. Successful separation of a specific mass species requires
setting the RF and DC values such that only the ions of interest have stable trajectories
down the quadrupol e rod assembly. By simultaneously varying the amplitude of the DC
and RF voltages an entire mass spectrum can be scanned.

The RGA is completely calibrated at the factory so that the ECU automatically programs
the RF and DC voltages on the rods to the necessary levels during scans or individual
mass measurements. The calibration parameters can be accessed and modified by the user
in case recalibration or a change in resolution is required. (Please see the RGA Tuning
chapter for details.)

The quadrupole mass filter must be operated in a vacuum. Linear operation can be
expected up to pressures of the order of 10 Torr. In general quadrupoles can be operated
at relatively high pressures compared to other types of analyzers. The upper limit of
useful operation is determined by the collisions between the ions and the neutral gas
molecules. In order to avoid collisional scattering it is necessary to maximize the mean
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free path of theions.

The genera principle of operation of the filter can be visualized qualitatively in the
following terms. One rod pair (X-Z plane) is connected to a positive DC voltage upon
which asinusoidal RF voltage is superimposed. The other rod pair (Y-Z plane) is
connected to a negative DC voltage upon which a sinusoidal RF voltage is superimposed,
180 degrees out of phase with the RF voltage of the first set of rods. The potentials are
represented by the expression:

V= +/- (U +V  cos ot)
where,

U is the magnitude of the DC voltage applied to either pair of rods,
Vo isthe amplitude of the RF voltage applied to either set of rods, and
o isthe angular frequency (=2xf) of the RF.

Light ions (low mass-to-charge ratio) are able to follow the alternating component of the
field. For the X direction, those ions will stay in phase with the RF drive, gain energy
from the field and oscillate with increasingly large amplitudes until they encounter one of
the rods and are discharged. Therefore, the X direction is a high-pass massfilter: Only
high masses will be transmitted to the other end of the quadrupole without striking the X
electrodes. On the other hand, inthe Y direction, heavy ions will be unstable because of
the defocusing effect of the DC component, but some lighter ions will be stabilized by the
aternating component if its magnitude and amplitude are such asto correct the tragjectory
whenever its amplitude tends to increase. Thus, the Y direction is alow-pass massfilter:
Only low masses will be transmitted to the other end of the quadrupole without striking
the'Y electrodes.

The two directions together give amassfilter suitable for mass analysis. By a suitable
choice of RF/DC ratio the filter can be made to discriminate against both high and low
mass ions to the desired degree.

The RF voltage magnitude and frequency determine the mass of the ions that undergo
stable trgjectories down the filter. Asthe RF amplitude increases, heavier ions start to
oscillate in phase with the RF and collide with the rods. The DC/RF ratio determines the
filter selectivity. Asthe DC increases (at constant RF) heavier ions are defocused by the
negative DC component.

The attractive features of the quadrupole as a mass analyzer are evident from the above
discussion: The quadrupole provides a convenient filter which can betuned to the
desired mass by varying the amplitude of the RF voltage; the mass selectivity (i.e.
resolution) can also be varied electronically by simply adjusting the DC/RF ratio.
Simultaneously varying the amplitude of the DC and RF voltages allows entire mass
spectrato be scanned.

Mass Range, Resolution and Throughput
The most important characteristics of a quadrupole are the massrange, its ultimate
resolution and itsthroughput characteristics.

The mass range is the range of masses defined by the lightest and the heaviest singly
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charged ions which can be detected by the mass spectrometer. The SRS RGA is offered
in three different models with mass ranges of 1 to 100 (RGA100), 1 to 200 amu (RGA
200) and 1 to 300 amu (RGA300). The main difference between the three modelsis given
by the maximum supply voltage available to the rods.

The terms Resolution and Resolving Power are often used by mass spectroscopists to
express the ability of amassfilter to resolve ions having different masses.

Resolution, or Absolute Resolution = AM 19, The width AM of the pass band
of the filter, defined as the full width at which theion current falls down to 10%
of the maximum value. Units = amu.

Resolving Power: R= M/AM 1, : Ratio between a particular mass M and the
resolution, AM 104 , at that mass. Dimensionless ratio.

It is common practice in modern RGA’ s to keep AM 19, CONstant at a value which insures
adequate separation of masses that are 1 amu apart. The SRS RGA quadrupole operates
inthat “Constant Resolution” or “Constant Am” mode. AM o, iS preset at the factory to
1 amu, but it can easily be adjusted by the user all the way to the theoretical ultimate
resolution of the filter.

The following figure illustrates the resol ution concepts explained above, using a Krypton
mass spectrum as an example. The different isotopes of the gas are well separated from
each other, and a1 amu peak width (= Amyy,) is measured on the #Kr peak at 10% of its
peak height. Also notice the 20% valley between the #Kr and #Kr peaks.

(Torr)
4.5E-08 .
4.0E-08 . I
3.5E-08.
3.0E-08 .
2.5E-08 .
2.0E-08 .
1.5E-08. 100%
LoE.0g 100% > L / \
5.0E-09 . / \V/ \J / \ 10% Peak
0.0E-09 JNvrrrbreeereberr A% Ny | \<_ - Heont
80 82. 83. 84 86.
M/Q (amue). < =
1amu

Figure 7 Peak Width Measurement
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It iswell established that the resolution attainable by a quadrupoleis limited by the
number of cycles of RF field to which theions are exposed before they reach the
detector. In practice, the minimum resolution (AM 1) Value attainable is mass
independent, linearly related to the ion energy, and inversely proportional to the square of
the product of the quadrupole length and frequency. The two available ion energy
settings of the RGA correspond to ultimate r esolution values of approximately 0.3 amu
(8 eV) and 0.5 amu (12 V) which are well under the factory default setting, and more
than adequate to separate ions which differ in mass by 1 amu or less.

The resolving power, R, at amass M is strictly related to the DC/RF voltage ratio. An
increase in the resolving power usually results in a decrease in the effective throughput
of thefilter Asthe DC/RF ratio isincreased the amplitude of the ion oscillations within
the filter increase and a greater fraction of the ions are lost to collisions with the analyzer
rods. The throughput of the quadrupole affects the overall sensitivity of the spectrometer
to the mass being filtered. The exact relationship between resolution and sensitivity is
very complex asit depends on the concentration and divergence of the ion beam leaving
the source. It is complicated further by the defocusing action of the fringing fields
between the ion source and the rods. However, as ageneral rule of thumb Sensitivity
decreasesat 1to 1.5 timestherate of resolving power increase.

The inverse relationship between sensitivity and resolving power is aso responsible for a
very important feature of quadrupole mass filters operated at constant resolution: The
throughput of the analyzer decreases with mass. (Since AM gy is constant, the
resolving power, R= M/ AM 1oy, increases with mass reducing the effective throughput of
thefilter for high masses. This effect must be taken into account when calculating partial
pressure sensitivities from ion currents.)

Zero Blast Suppression
When the applied potentials are small (or zero) as at the beginning of a scan, ions
entering the filter may be transmitted even though their trajectories are mathematically
unstable. This givesriseto an output signal at the beginning of mass scans called the
“Zero Blast”. In the SRS RGA the Zero Blast is suppressed preventing the DC voltage
from reaching zero under 1.5 amu. Zero Blast suppression is standard practice in all
commercially available RGAs and is responsible for the lack of reliable readings for
hydrogen at 1 amu.
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Positive ions that successfully pass through the quadrupol e are focused towards the
detector by an exit aperture held at ground potential. The detector measures the ion
currents directly (Faraday Cup) or, using an optional electron multiplier detector,
measures an electron current proportional to the ion current.

Description

The following figure describes the detector assembly including the electron multiplier
option.

CDEM anode
CDEM
CDEM cone /

Exit Plate -
T~ | [T [[=>——> CDEM signal

b

ions — :E :: ) |—> FC signal

Faraday cup [—

Probe flange

Faraday cup shield

Figure 8 Detector Components

The Faraday Cup (FC) isasmall stainless steel (type 304) metal bucket located on-axis
at the end of the quadrupole. It is shielded from the intense RF and DC fields of the
quadrupole by the grounded exit plate, which also provides some focusing of the ions
into the detector. A cylindrical tube (FC Shield) encloses the FC, protecting it from the
strong electrodynamic potentials of the adjacent rods and from collecting ions originated
at sources other than the ionizer. The signal is carried to the electrometer through a
coaxial feedthru which extends into the ECU box and efficiently shields the small ion
currents. The FC is attached to the center feedthru with a push-on connector and can
easily be pulled out for cleaning or modification.

Notice that an el ectron suppressor electrode (commonly found in several commercially
available RGA’s) is not part of this detection setup since the large aspect ratio (Ilength-to-
diameter) of the FC assures efficient recapture of secondary electrons.

The electron multiplier is astate-of-the-art Macro Multi-Channel Continuous Dynode
Electron Multiplier (CDEM). It consists of a straight, four or six channel tube made out
of aspecial resistive glass (i.e. high secondary electron emission yield) with a cone of the
same material attached to the front end. It is placed upright, next to the FC, and away
from the axis of the analyzer (off-axis configuration). It is held safely in position by a
clamp and aclip. The clamp is connected to the neighboring rod that carries the voltage
from the High Voltage power supply, and is responsible for biasing the cone aswell as
assuring its correct placement next to the FC. A hole on the side of the FC Shield allows
gpace for mounting the CDEM cone very close to the top of the FC. The clip anchors the
CDEM glass tube to the side of the FC Shield and holds the lower end of the tube at
ground. Chrome electrical coatings, deposited at both ends of the tube provide the
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necessary electrical contacts. A plate (CDEM Anode) mounted at the exit of the CDEM
collects the secondary electrons. The resulting electron current flows into the
electrometer through a separate feedthru of the flange.

The entire setup is self -aligning and easily serviced by the user in the field. For example,
removing the screw that fastens the clamp to the HV rod is al that is needed to replace
the CDEM (Please see the Maintenance chapter for details.)

FC detection isstandard in all RGA probes. All FC-only units can be upgraded to
electron multiplier detection without the need to replace the probe. When the electron
multiplier is not turned on, multiplier systems operate exactly like the FC-only systems.
The same electrometer is used to measure the ion (or electron) currents under both
detection schemes. The ECU automatically connects the necessary electrode to the
electrometer depending on the type of detector being used.

Faraday Cup operation
The Faraday Cup (FC) detector, measures the incident ion current directly. Positiveions
enter the grounded detector, strike ametal wall, and are neutralized by electron transfer
from the metal to the ion. The electrons given up in this process establish an electrical
current that has the same intensity as the incoming ion current.

Since the nominal sensitivity of the RGA isin the order of 10* Amps/Torr, the currents
measured are very small: 10° to 10> Amps for pressures in the order of 10° to 10
Torr, respectively. Minimum-detectable-partial pressures aslow as 510 Torr are
possible with the FC. However, in real-time applications, FC detectors are rarely used to
measure partial pressures below 10° Torr. At pressures below that value, the CDEM
option becomes a much better alternative allowing for faster scan rates and improved
signal-to-noise ratios.

The best characteristics of FC detection are: simplicity, stability, large dynamic range
and lack of mass discrimination. All ions ar e detected with the same efficiency
regardless of their mass.

The ECU automatically connects the FC electrode to the electrometer input upon power-
on reset, and whenever the electron multiplier is not turned on.

Electron Multiplier Operation
An Electron Multiplier upgrade (Option 01) to the standard Faraday Cup (FC) detection
setup is recommended when the SRS RGA is routinely used at pressures under 10° Torr.
The detection upgrade consists of a state-of-the art Macro Multi-Channel Continuous
Dynode Electron Multiplier (CDEM), and a negative high voltage power supply (O to -
2500V).

Macro Multi-Channel Continuous Dynode Electron Multipliers are used in the SRS
RGA models with the electron multiplier option (Option 01). They consist of a straight
four or six channel tube made out of a special resistive glass (i.e. high secondary electron
emission yield) with a cone of the same material attached to the front end. The extruded
channels run along the length of the device and are twisted at the time the part is drawn to
eliminate ion feedback. Each CDEM is placed upright next to the FC and away from the
line of sight of the ionizer (i.e. off-axis configuration). When the cone is biased
negatively (-1000 to -2500V) relative to the back end, positive ions are very efficiently
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attracted away from the FC and strike the cone at high velocity producing electrons by
secondary electron emission. The secondary electrons are subsequently accelerated down
the four channels and produce more secondary electrons. For each ion entering the cone
of the CDEM, and depending on the bias voltage applied, up to 10 electrons come out at
the back end and are picked up by a grounded plate (the CDEM anode). The resulting
electron current is proportional to the ion current and is measured by the same
logarithmic electrometer used in the FC measurements. The sign of the electron
multiplier currentsis reversed before the current value is sent out over RS232 so that the
computer does not need to do any sign flipping on the currents received when the CDEM
is activated.

The gain of the electron multiplier in the RGA isafunction of the bias voltage and is
measured relative to the FC signal. The following figure shows atypical “gain
characteristic” (i.e. gain vs bias voltage) curve obtained for H,O" ions at 18 amu.
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Figure9 Typical CDEM Gain Characteristic Curve

Very high gain values can be obtained and controlled with voltages smaller than -2500
Volts. The sensitivity of the spectrometer increaseswith the gain of the electron
multiplier. Higher sensitivities provide lower minimum detectable partial pressures and
faster spectral scans. Minimum detectable partial pressure limits aslow as 510 Torr are
commonly achieved.

However, theincrease in sensitivity is obtained at the price of limited dynamic range,
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mass discrimination effects, gain instabilities and finite lifetime of the device. A good
understanding of these limitations is very important to assure accurate quantitative
measurements.

The dynamic range of electron multipliersis determined by their dark current at the low
end, and by the bias current value at the high end.

The bias current is established by the external voltage drop along the resistive glass tube
and flows along the channel walls replenishing their charge as secondary electrons are
emitted. Channel electron multipliers, operatelinearly in the analog mode until the
output current isapproximately 10% of the bias current.

Thedark current of amultiplier isthe electron current measured at its output in the
absence of aninpution current. The minimum output current that can be accurately
measured with the multiplier isequal to thedark current noise.

Example: For atypical resistance of 200 Mohms, and a bias voltage of -2000V, the bias
current is 10 pAmps and the output current must be kept under 1 pAmp. Since the gain at
that voltage is roughly 10°, the maximum input current at which the output current
behaves linearly is 102 Amps (1 pAmp / 10°). Typical dark currents are lower than 103
Amp, and the minimum input current that can be detected is 10'° Amps. For a sensitivity
of 10* Amp/Torr, this corresponds to an lower and upper limits of 10*° and 10°® Torr,
respectively, and 7 orders of magnitude of dynamic range.

Thetotal gain of electron multipliers varies as afunction of the mass of the incident ions.
Asarule of thumb, and for small molecules, the gain decreases as mass increases. This
mass discrimination effect is caused by the dependence of ion-electron conversion
efficiencies on the velocities of the ions entering the detector. For example, an inverse
relationship with the square root of the mass has been reported for monoatomic ions of
the same energy. For accurate quantitative measurements, it is essential to calibratein
advance the gain of the multiplier for the specific ionic species being detected.

An important problem when working with multipliersis that their gain changes with
time. Gain degradation is unavoidable, and particularly serious just after the detector
has been exposed to air, or after high quantities of reactive gases have been introduced
into the vacuum system. The increased surface area provided by the extra channelsin the
multi-channel devices reduces this problem; however, frequent calibration of the
multiplier gain against the FC output is recommended for reliable quantitative
measurements. Thisis done automatically with the RGA Windows™ software.

Gain degradation limits the lifetime of all electron multipliers. Eventually the gain drops
to unacceptable values and the multiplier needs to be replaced. Asarule of thumb, the
multiplier should be replaced when therequired gains can no longer be achieved by
increasing the biasvoltage. The lifetime of electron multipliersis ultimately dependent
upon the accumulated charge drawn from the multiplier (Gain degradation typically
startsat accumulated output current values of a few thousand pAmp-hr). However,
the lifetime also depends critically on the residual gas environment and the duration of
transient signals. Contamination by organic compounds (i.e. diffusion or mechanical
pump oil) and the interaction with highly reactive gases must be avoided at all times.

It has been found that, in many cases, channel multipliers may be successfully refreshed
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by cleaning them in high purity isopropyl alcohol. The procedure is described in the
RGA Maintenance chapter (CDEM Refreshment section) and, even though it is not
guaranteed to alwayswork, it isworth trying as alast resort before discarding a
multiplier.

Channel electron multipliers have a history of high performance and dependability in
mass spectrometry applications. However, in order to achieve maximum useful lifetime
and optimum performance, it is very important to handle them very carefully. Please read
the CDEM Handling and Car e section in the RGA M aintenance chapter to familiarize
yourself with some of the basic procedures that must be followed for the correct
operation of the multipliers.

SRSResidual Gas Analyzer



Hardware modifications 3-17

Hardware modifications

Warning

Theinformation in this section isfor the use of Qualified Personnel only. To avoid
shock and irreparable damage to the unit, do not attempt any of the changesin this
section unlessyou are authorized to do so.

Read and follow all “ Safety and Precaution” instructions before handling the
product.

Because of the danger of introducing additional hazar ds, do not install substitute
partsor perform any unauthorized modification to the product. Do not use the
product if it has unauthorized modifications. Return the product to SRSfor service
and repair to ensurethat safety features are maintained.

The SRS RGA is a quadrupol e mass spectrometer specialy engineered to perform al the
functions of aresidual gas analyzer, and its standard el ectron impact ionizer is designed
specifically for that type of operation. However, the simplicity of design of the probe
facilitates the modification of the instrument so that measurement applications other than
simple partial pressure analysis are possible. The relative insensitivity of quadrupole
mass filters to variations in ion entrance conditions makes it possible to apply quadrupole
mass spectrometers to the detection of ions from sources other than the standard electron
impact ionizers of RGA's. For example, quadrupole mass filters have been used to
monitor ion formation in plasma, SIMS, electrospray, |CP, laser ionization and surface
desorption experiments.

Many of the changes required to apply the RGA probe to alternative measurement
schemes involve the modification of the ionizer from its standard design. The ionizer is
of avery simple design and can be completely disassembled by the user loosening afew
screws (please see the RGA Maintenance chapter). Ease of disassembly isideal for
periodic cleaning and very convenient when design modifications are needed. Special
applications might require modifying, replacing or even removing ionizer parts. The
scope of this section isto discuss the effects that design changes will have on the overall
performance of the probe. These types of modifications are most common in research
applications, and obviously should only be attempted by qualified per sonnel who
completely understand the operation of the quadrupole mass spectrometer.

It isagood practice to minimize the changes performed on the probe so that the RGA can
still performits basic functions of residual gas analysis, which are invaluable tools for
vacuum system diagnostics.

Repeller and anode grid modifications
Thetwo ionizer grids can easily be removed from the probe for replacement or
modification. They are structurally very strong because they are made out of sintered
wiremesh (i.e. al crossing wires are welded to each other). Typical modifications, such
as punching holes or cutting slots, can be performed by skilled personnel without
compromising their shape. The replacements and modifications should obviously be
compatible with the operation of the rest of the quadrupole probe. Optimum performance
of the quadrupole can only be achieved if theions are injected in the form of a beam of
low energy (2to 15 eV) and low divergence (i.e. close to and parallel to the axis of the
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quadrupole). For example, it iswell established that the correct alignment of the anode
grid iscritical to the operation of RGA spectrometers. a misalignment as small as 0.010”
can result in decreased sensitivity, decreased resolution and peak shape deterioration (i.e.
peak splitting).

The alignment and symmetry of the repeller are not as critical asthat of the anode grid.

Repeller removal
It is possible to operate the ionizer without the repeller. The repeller isheld in place by a
single, easily accessible screw (See RGA Probe Assembly drawing) . It is sometimes
eliminated when a smaller ionizer insertion volume is needed, when alaser beam needs to
be focused into the anode grid or when a collimated beam of molecules needsto be
directed through the anode grid without molecular scattering taking place at the repeller’s
wires.
The repeller serves several purposes in the ionizer that must be carefully considered
before removal:

1. It mechanically protects the delicate filament while the probe is being mounted on the
vacuum system. The filament might easily be damaged during installation without
that protection.

2. It congtrains the electrons to the ionizer volume, minimizing cross talk with other
gauges in the vacuum system (Free electrons can affect the readings of neighboring
ion gauges).

3. Itincreasestheionization efficiency by folding the electron trajectories back into the
anode grid (multiple-pass configuration). A decrease in ionization efficiency will
usually be noticed when the repeller is removed.

Operation without a filament
It is possible to use the quadrupole mass filter to detect ions originating from sources
other than the standard electron impact ionizer. For example, the filament and the grids
can easily be removed to expose the quadrupole to ions from a SIMS or Laser desorption
ionization experiment. All the measurement and scanning functions of the mass
spectrometer are till operational when the filament is not installed or not emitting
electrons As mentioned previously, optimum performance of the quadrupole can only be
achieved if the ions are injected into the filter in the form of abeam of low energy (2to
15 eV) and low divergence (i.e. closeto and parallel to the axis of the quadrupole).

Whenever possible, complete removal of the filament and the grids should be avoided so
that the residual gas analysis functions of the RGA are still available. For example, since
serviceis not interrupted if asingle filament burns out, it might be possible to keep one
of the sides of the filament intact instead of removing it completely.

W filament replacement
The standard SRS RGA filament is made out of thoriated iridium. In order to replace the
standard filament with tungsten wire, remove the dual filament (full circle) and connect a
single 0.003” diameter tungsten wire between the two filament rods. Make sure to use
filament quality tungsten wire, and do not attempt a dual filament configuration since the
filament heater will not be able to power the assembly.
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In order to scan without filament emission, uncheck the “warn if the filament off” box in
the ionizer settings menu of the RGA software.

RGA Cover Nipple Replacement
A stainless steel tube covers the probe assembly with the exception of theionizer. This
tube, referred to asthe RGA Cover Nipple, contributes to the overall capacitance of the
guadrupole rod assembly, and should not be removed from the probe unlessit is replaced
with asimilar grounded metal shield tube inside the vacuum system (see below). Failure
to replace the Cover Nipple will push the RF driving circuit out of regulation, and will
limit the operating mass range of the quadrupole filter. The tube also acts as a barrier,
preventing ions from sources other than the RGA’ s ionizer from reaching the detector
and affecting the ion current readings.

The RGA Cover Nipple consists of two non-rotatable, 2.75" CF Flanges, connected by a
short section of 1.5” OD tube (0.065” wall thickness). The entire part is made out of
stainless steel type 304, and its overall length is 6.75” (including the two flanges.)

Some experiments require being able to insert the RGA' s probe deep into the vacuum
chamber. When alarge insertion depth is required, the standard RGA Cover Nipple can
be repal ced with the O100MAX Maximum Insertion nippleillustrated in Figure 10.

Shield tube (1.5" 0D, 1.37" 10
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Figure 10 RGA Probe with Shield Tube

The O100MAX Shield tube consists of a1.5” OD tube welded onto the large-flange side
of a4.5"-t0-2.75" Zero Length CF Adapter Flange. The tube has awall thickness of
0.065" and is strictly perpendicular (90° +0.2°) to the flange' sface. The RGA’s
guadrupole assembly is attached to the small-flange side of the Adapter Flange so that the
tube completely covers the massfilter (replacing the standard RGA Cover Nipple). This
modified probe can be mounted on any standard 4.5” CF port of a vacuum chamber, and
the ionizer penetrates the vacuum system by roughly 7”.

SRS Residual Gas Analyzer






4-1

Chapter 4
RGA Electronics Control Unit

This chapter describesthe most important features of the RGA Electronics Control Unit.

In This Chapter
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Introduction

The SRS RGA is a mass spectrometer consisting of a quadrupole probe, and an
Electronics Control Unit (ECU). The ECU completely controls the operation of the RGA,
handles its data and transmits it to the computer for analysis and display.

17 lonizer

&
——————— Electronics Control ‘ ! Quadrupole Probe 4‘

Unit (ECU)

Figure 1 Quadrupole Head Components

The ECU isadensely packed box of electronics (3" x 4” x 9”) that connects directly to
the probe’ s feedthru-flange and also to a host computer. It includes severa regulated
power supplies, a built-in microprocessor, control firmware, and a standard RS232
communications port. It is powered by either an external 24V DC (@2.5Amps) power
supply or an optional, built-in power module which plugs directly into an AC outlet.

Warning

The ECU does not have any serviceable parts and does not require any routine
maintenance. All calibration procedures should be done using the RS232 interface
and the RGA calibration command set.

During normal operation of the RGA, regulated power supplies built into the ECU set the
electron emission current, the voltage levels on the ionizer electrodes, and the high
voltage across the electron multiplier. RF/DC levels for each mass are also set and
regulated by the ECU, based on internal mass calibration parameters permanently stored
in non-volatile memory. A built-in, logarithmic electrometer detects the ion currents
collected by the FC, or electron multiplier, and converts them to voltage signalsthat are
read by abuilt in A/D converter. The microprocessor automatically compares those
signal voltages against an internal calibration and cal cul ates the magnitude of the ion
currents. Theion currents are then averaged as needed, offset corrected and transmitted to
the host computer over RS232 for immediate display.

Several built-in checks constantly monitor the operation of the probe and its operating
environment. For example, the filament emission, and the electron multiplier, are
immediately turned off in the case of accidental overpressure.

Active LED's on the rear panel of the ECU provide constant feedback on the status of the
filament, electron multiplier, electronics system, probe and communications, and alert the
user of any problems.
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Front Panel

The ECU mounts directly on the probe' s feedthru flange. Its front panel is designed to
rest flat against the back surface of the probe’ s flange, and it is not visible while the ECU
islocked in place.

Probe alignment holes\

AWARNING

High Voltage inside
his unit. See manual for

Clearance 4
holes
(6 places)

“oon0u Aiojes
10} [enueW 39§ WuN Siy)
apisut 98830 YSIH

ONINIVMY

Internal connectors /
Locking screws
(2 places)

Figure 2 ECU Front Panel

The front panel of the ECU box has nine holes of three different sizes, and two locking
SCrews.

The big holein the center provides accessto internal connectors that line up with the
feedthru connectors of the probe. The six equally-spaced holes, surrounding the big hole,
provide clearance for the six bolt heads on the back of the probe’ s feedthru flange.

The two remaining holes (1/4” diameter) line up with the alignment rods of the probe and
assure the correct alignment between the ECU and the Probe during installation.

The locking screws line up with two threaded holes on the back of the feedthru flange,
and are used to lock the ECU box in place.
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Rear Panel

Therear panel of the standard ECU Box has two connectors, two locking knobs, a

cooling fan, and eight LED’s.

Units with the optional, built-in power module (Option 02) also have afused Power

Entry Module with a built-in power switch.

RS232 connector

Power connector

Locking knob

RS232/DCE/28.8k E %
5] 2> N -
Lock 00000000
00000 00000
0000 0000
00000 00000
0000 0000
00000 00000
0000 0000
00000 00000
o
+24VDC @ 2.5A Lock
Input voltage is set automatically. Use a line
voltage and frequency within ranges at right. Input Voltage
90 - 264 VAC
Input Frequency
47 -63 Hz
Chassis ‘ N\
Ground

Built in power module*

*option 02

Figure 3 ECU

+24VDC@2.5A Connector

Use this connector to provide external power to the RGA. The ECU e ectronics must be
powered with a24 V (+/- 2V) DC power supply @2.5Amps. The power supply must
have a cable with a9 pin, type D, female connector on the free end, wired as described in

Rear Panel

the “ECU- 24V DC power connector” diagram shown below.

LEDs

Cooling fan
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Figure 4 ECU 24 VDC Power Connector

RS232/DCE/28.8k Connector

LED’s

Use this connector to interface the RGA to acomputer. The RS232 interface connector
of the RGA is configured as a DCE (transmit on pin 3, receive on pin 2) with full
RTS/CTS handshaking enabled. Use a straight through RS232 cable with 9-pin, type D
connectors to connect the computer (usually DTE) to the ECU. The communication
parameters are fixed at: 28,800 baud rate, 8 data bits, no parity, 2 stop hits.

Eight LED’s provide constant feedback on the operation of the RGA. The function of the
LED’sisdescribed |ater in this chapter.

Locking Knobs

Use the two knobs to lock the ECU box in place at the end of the ECU installation
procedure. Do not overtighten the knobs. (Hand tighten only.)

Power entry module (Option 02)

Use this connector to power the RGA directly from an AC outlet. Use the three-wire
power cord provided by SRS to connect the RGA directly to a properly grounded AC
outlet. Use the built in switch to turn the unit on-off.

Refer to the first page of this manual for instructions on selecting the correct line voltage
and fuse. The built-in power module (Option 02), has universal input (90-264 VAC, 47-
63 Hz), and completely eliminates the need for an external 24V DC power supply
connection.
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LED Functionality
LED's on the rear panel of the ECU provide constant feedback on the status of the
filament, electron multiplier, electronics system, probe and communications, and alert the
user of any detected errors. This section describesin detail the function of each LED.

RS232/DCE/28.8k

=

23 o

@ %08§
@' XXX @ [ e i
00000

Lock

Power
Filament

oooo
ooooo
Lock

+24VDC @ 2.5A

Figure5ECU LED’s

STATUS (Green) LED’s

Power: The Power LED isturned on whenever the RGA is successfully powered up.
When power is applied to the ECU, afirmware routine automatically checks the external
voltage level and turns on the Power LED if the voltage is within the acceptable range of
24 +/-2VV DC. The sametest is performed in units with built-in power modules (Option
02) to check the voltage output of the internal switching power supply. If the check fails,
the red Error LED isturned on instead to indicate the problem.

Note: A check on the external power supply can be performed at any time during
operation using the EP? diagnostic command.

Filament: The Filament LED indicates the presence of electron emission current in the
RGA'’sionizer. It isturned on when afinite emission current is requested by the user and
during Degas processes. It is turned off when the user requests a null emission current or
when afilament error condition (i.e. overpressure, worn out or burnt filament) is
detected and the filament emission is turned off.

Note: Filament error conditions are easily diagnosed with the help of the Leak and Burnt
LED and the assortment of diagnostic checks built into the firmware and supported by the
RGA Windows program.

Degas: The Degas LED is activated during Filament Degas processes.
The Filament LED is also activated during a Degas.
The ElecMult LED isturned off during a Degas.
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ElecM ult: The ElecMult LED is turned on whenever the electron multiplier detector is
active (i.e. when afinite biasing voltage is applied across the el ectron multiplier).

Severa different mechanisms can turn off the electron multiplier and its LED: anull bias
voltage request by the user, a Degas process, and an overpressure that shuts down the
filament emission.

RS232: The RS232 LED reflects the activity on the RS232 Transmit and Receive lines.

ERROR (Red) LED's

Error: The Error LED indicates the presence of errorsin the operation of the RGA.
Errors can originate from many different sources including hardware, communications,
probe (i.e. bad filament) and operating environment (i.e. overpressure). Troubleshooting
issimplified by an assortment of diagnostic commands built into the firmware, and fully
supported by the RGA Windows program.

Leak: The Leak LED is automatically turned on whenever the filament heater is unable
to establish a requested emission current. The most common reason for this problemisa
serious leak in the vacuum system. In the event of an overpressure detection, the filament
emission and the electron multiplier are immediately turned off, and the Error and Leak
LED’s are turned on to indicate the problem.

Important: The Leak LED will also be turned on if the Thoria coating of the filament is
excessively worn down or damaged. However, thisis a more rare event due to the long
life of the thoriated iridium filaments.

Burnt: The Burnt LED isturned on whenever the ECU failsto detect afilament. A burnt
or missing filament are possible sources for this problem. The Error LED is also turned
on to clearly signal the presence of afilament error.
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Electrometer

Electrometer

Detection limit vs. scan rate

A unique, temperature-compensated, |ogarithmic picoammeter built into the ECU box
measures the ion currents collected by the Faraday cup (FC), or electron multiplier
(CDEM). The output voltage of the electrometer is equal to the logarithm of the ion
current so that several decades of signal can be read on the meter without any gain
switching being necessary. The microprocessor automatically configures the electrometer
and connects itsinput to the correct signal based on the type of detector being used.

The electrometer is completely autoranging and measures both positive and negative
currents with the same accuracy and resolution. Its operating range covers current
magnitudes between 1.32x 107 and 10 A.

The accuracy of the measurementsisinsured by an internal calibration procedure that
calibrates the output of the electrometer against input current over its entire operating
range, and stores a calibration table in the non-volatile memory of the RGA Head.
Instead of simply relying on theintrinsic logarithmic |-V behavior of the electrometer, a
digital logarithmic interpolation algorithm calculates the currents from the calibration
curve.

The I-V response of the electrometer can be recalibrated at any time through asingle
command (CL) supported by the RGA Windows software (Auto Calibrate option in the
Head menu), making it possible to generate accurate readings under different operating
conditions.

Excellent resolution is achieved using a 16 bit A/D converter to digitize the output of the
electrometer. The bandwidth and detection limit of the logarithmic electrometer are fully
programmable. This programmability is achieved biasing the el ectrometer with extra
current from a microprocessor-controlled current source. The biasing current is added to
the ion current and sets the gain and bandwidth of the electrometer during measurements.
Anincreasein the biasing current resultsin lower 1-V gain and larger bandwidth, but also
means increased baseline noise due to the additional shot noise introduced by the extra
current. During regular mass scans the RGA automatically adjusts the scanning rate and
averaging to match the bandwidth of the detector. The microprocessor calculates the total
current flowing into the meter using the interpolation algorithm described above, and
subtracts the biasing current from the total to provide the actual ion current values used
for averaging. Obviously, the amount of biasing current must be chosen keeping in mind
the strong interplay between bandwidth (i.e. acquisition rates) and baseline noise (i.e.
minimum detectable partial pressures).

The single command NF (Noise Floor), supported by the RGA Windows program, is
used to program the electrometer’ s response. Histogram scans, analog scans, single-mass
measurements and total pressure measurements all share the same NF setting during
measurements. A decrease in the Noise-Floor setting reduces the biasing current resulting
in longer measurement times with cleaner baselines and lower detection limits. As
mentioned above, the NF parameter value must be chosen keeping in mind the
compromise between detection limit and acquisition speed.

When using the RGA Windows program to operate the RGA, the Scan Speed parameter
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setting available in the Scan Parameter Setups of the Scan menu is used to set the NF
parameter value in the RGA Head according to the equation: NF = ScanSpeed - 1.

The following table summarizes the performance of the RGA electrometer during mass
measurements as a function of the Scan Speed and NF settings. Please refer to this table
to estimate minimum detectable partial pressures and scan rates for different scanning

conditions.
Scan Speed NF Scan rate Single mass meas. | Baseline noise®
parameter parameter (msec/amu) time (msec) (std.dev.)(Amps)
1 0 2000 2200 7e-15
2 1 1000 1100 le-14
3 2 400 440 1.5e-14
4 3 200 220 2e-14
5 4 126 139 4e-14
6 5 45 50 1.2e-13
7 6 30 33 2.5e-13
8 7 15 16.5 5e-13

(a) The vauesin this column are the result of averaging alarge number of data points
from severa different units. Use this values for reference only. Variations are to be
expected from unit-to-unit, as a function of operating conditions and even as a function of

time.

Adjusting the Zero of the lon Detector
The zero of theion detector is automatically readjusted at the beginning of each analog
and histogram scan so that the baseline is always centered around zero. The zero can aso
be readjusted at any time with the command CA. In both zeroing procedures, the output
of the electrometer is measured in the absence of input ion current and stored, as a current
value, in the RGA’s memory. The current value (called offset correction factor) isthen
automatically used by the firmware to offset-correct al ion currents measured (i.e.
including those from single mass and total pressure measurements) under the same
detector settings. The detector settings are the electrometer’ s noise floor parameter value
and the type of detector (i.e. FC or CDEM) in use at the time the zeroing is performed.
Offset correction factors for all the possible combinations of detector settings can be
generated and accumulated in the RGA’s memory. However, all offset correction factors
are cleared after arecalibration (CL) of the electrometer is performed, and when the unit

is turned off.

Please consult the RGA Command Set section for details on the CL and CA commands.
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Mass Filter Power Supply

All the necessary electronics required to power up the quadrupole mass filter during mass
measurements are built into the ECU box. The RF/DC levels for each mass are set and
regulated from the ECU, under microprocessor control, and based on internal calibration
parameters permanently stored in non-volatile memory.

The difference between the three RGA models (RGA 100, RGA200 and RGA300) is
given by the maximum supply voltage available to the rods. For example, the maximum
RF amplitude delivered to the probe in the RGA300 is 1284 V (2568 Vpp) and
corresponds to ions with mass of 300 amu (8.56 Vpp/amu). The corresponding DC
potential is a maximum of about 430 VDC for masses of 300 amu (+215 Vdc on one rod
pair, and -215 Vdc on the other).

The frequency of operation of the massfilter isthe same for all models and isfixed at
2.7648 MHz by an internal clock.

The rod structures in the mass filter are primarily capacitive, so to reduce the circuit drive
requirements, the rod reactance is resonated with an inductance. The advantages of this
resonant drive circuit is the primary reason for operation at afixed frequency.

Important: The RGA Cover Nipple (i.e. stainless steel tube) that encloses the quadrupole
filter assembly contributes to the overall capacitance of the rod assembly, and should not
be removed from the probe unlessit is replaced with a similar grounded metal shield
inside the vacuum system. Failure to replace the cover will push the driving circuit out of
resonance, and will limit the operating mass range of the filter. Consult the Hardware
Modifications section in the RGA Probe chapter of this manual for information on the
modification of thisimportant probe component.

The internal calibration parameters used by the microprocessor to set the RF/DC levels
during scans and measurements, are pre-programmed at the factory as part of the test and
calibration procedures performed on the instrument before shipping. However, the
parameters can be readjusted easily and whenever necessary using the Peak Tuning
procedures described in the RGA Tuning chapter.
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Maintenance and Service

e The ECU box does not have any serviceable parts and does not require any routine
maintenance.

e Do not perform any unauthorized service, adjustment or modification of the
instrument.

o Donotingtal any substitute parts.

e Contact the factory for instructions on how to return the instrument for authorized
service and adjustment.
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Chapter 5
RGA Windows Software

For detailed information and command description of the RGA program pleaserefer tothe RGA
On-LineHelp files provided with the program disks. The RGA help system includes current and

detailed description of all the features, procedures, and commands availablein the program.

In This Chapter
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Overview

Program Structure
The RGA program is afully interactive Windows program capabl e of managing several
RGA Heads simultaneously.  Fully interactive means that you can double-click on any
graph object and the program responds by executing a specific command such as editing
the color of adataline. There are also various shortcut menu buttons to access specific
commandsin the Toolbar. The function of each button is explained in the Status bar,
which is at the bottom of the program window.

RGA was designed to handle data acquisition from multiple heads simultaneously by
assigning one head for each window and by making all the windows independent from
each other. Each window can be thought of as a separate RGA Head control & display
file. Thisfile, caled an RGA file, storesall the information regarding the graph
parameters, scan parameters, some head parameters, what port the head was connected
to, etc.

It is not necessary for an RGA file window to be connected to a specific head at all
times. You could, for example, open afile just to browse through a few dozen scans
that were done overnight. Y ou can also copy the graph to the clipboard so you can
paste it into aword processor.

Once an RGA window is connected to a Head, you can start scanning (acquiring data) in
any of the display modes available. When you are done scanning, you can either close
the file which will automatically disconnect you from the head, or you can issue a
disconnect command and keep the file open for further dataanalysis. Y ou can even
connect the same window to a different head on another RS232 port.

RGA Files
The RGA program is capable of saving filesin avariety of formats. This section
describes al the file formats and their different uses.

RGA files (.rga)

RGA files are the main files used in the RGA program. They are binary files that
contain scan data with all the information on the graph parameters, scan parameters, scan
schedule parameters, etc.  When the RGA fileis saved, it saves the last scan data along
with al the setup parameters of that window. When the fileis open again, it creates a
window that has the same parameters as when it was saved including the data from the
last scan.

RGA Scan log files (.ana .txt)

RGA scan log files are binary files that contain mostly raw data from multiple scans
acquired over aperiod of time. Thesefiles do not have any of the RGA file setup
parametersin themin order to save disk space. They contain the time and date for each
scan and the minimum scan setup information to reconstruct the scan data graph. These
log files are available for the Analog, Histogram, and Table modes.
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RGA ASCII Data files (.txt)

The RGA program can save the last scan datain an ASCII format that is easily read by
Spreadsheet programs for data analysis.  The file header contains the scan setup
information followed by the scan data. The RGA program does not read these ASCI|
file, it only writes them.

RGA Graph Metafiles (.wmf)

RGA can also save the active graph as aWindows Metafile.  Windows Metafiles are
easily read by many word processing, page layout, and graphic programs.  The graphs
can be easily saved by RGA and then recalled by any of these programs for
documentation and presentations.

System Requirements

The RGA program system requirements vary depending on the performance required of
the RGA system and on how many heads are connected and run simultaneously. The
RGA Head can scan data at different scan speeds that effect noise floor and averaging.

Following, is the minimum recommended system to run a SINGLE head system:

e IBM compatible PC
* Mouse or equivalent pointing device
»  Serial port (or serial port adapter) and DB-9 to DB-9 RS232 cable

* 100 Mbytes of free hard disk spaces (for RGA installation and runtime use) and CD
drive (for the installation disk)

¢ Microsoft Windows 2000 or later
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Getting Started

The following sections describe how to launch the RGA program and start acquiring datafrom the RGA
Head.

Note:

For detailed information and command description of the RGA program pleaserefer to the RGA
On-Line Help filesprovided with the program disks. The RGA help system includes current and
detailed description of all the features, proceduresand commands available in the program.

Starting the RGA Software
To start the RGA software simply double-click on the RGA iconin the"SRS" program
group created by the RGA installation program. Y ou may also type the full path name
of the RGA program in the Run command from the Program manager.

Y ou can only run one copy of RGA at the sametime. If you attempt to start another
copy of RGA whileit is aready running, the existing copy is activated and brought to the
front of the screen.

Connecting to a Head
Connecting to an SRS RGA Head requires an available RS232 port on your PC and afull
DB9-DB9 RS232 cable.
To connect to an RGA Head do the following:

1. Connect the RS232 cable to the DB9 connector on the Head |abeled
"RS232/DCE/28.8k.Baud".

2. Connect the other end of the cable to the RS232 port on the PC side (computer or
serial adapter).

3. Turn Onthe SRS RGA Head.
4. Start MS Windows and the RGA Program.

5. Select Connector List Setup from the Head menu or click the shortcut button (the
RS232 button).

6. Select the port to which the RGA head is connected from the connector column.

7. Pressthe Connect button.

The connection is made when “connected” is displayed in the status column, the RS232
button is checked, the toolbar GO button turns green, and the Scan and Head menu
commands get enabled.

Shutting Down the RGA System
The recommended shutdown procedure is as follows:
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1. Stopthescanif thereisonein progress using the Stop Now command in the Scan
menu or click the shortcut button (the STOP sign button).

2. Turn off the filament by desel ecting the Filament On command in the Head menu or
click the shortcut button (the filament figure button).

3. Savethe RGA file you have been working on, using the Save or Save As command
in the File menu.

4. Terminate the RGA program using the Exit command in the File menu.

5. Turn off the RGA Head.

SRS Residual Gas Analyzer



Features and Operation  5-7

Features and Operation

Note:

For detailed information and command description of the RGA program pleaserefer to the RGA
On-Line Help filesprovided with the program disks. The RGA help system includes a detailed
description of all the features, proceduresand commands availablein the program.

The RGA Window
The RGA window represents one SRS RGA Head operating in a specific display and
scan mode. The RGA window does not need to be connected to ahead at all times. It
can be used to print graphs or to review some old scan logs. You may size, tile,
minimize, or cascade several RGA windows together even while scanning.
When an RGA window is sized, all the graph objectsin it are also sized down or up.
For optimum viewing of a graph, maximize the RGA program window, and maximize
the RGA file you wish to view.

Multiple Head Operation
The RGA program can monitor several SRS RGA Heads simultaneously. Each RGA
window represents a separate RGA Head that is controlled independently from any other
window/head combination.

To connect an RGA Head to an RGA window use the Connector List Setup command to
assign a port (that you know is attached to an RGA Head) to that window.

The operation of the RGA program is unchanged whether you have one or several heads
connected and scanning.  The only difference you might seeis a slowdown in display
updates and that is dependent on the computer hardware you use.

Display Modes
There are seven distinct display modesin RGA along with split modes that consist of
combinations of these modes.
Following are the seven distinct modes:

Analog (Mode Menu B )

Analog mode is the spectrum analysis mode common to all Residual Gas Analyzers.

The X-Axis represents the mass range chosen in the Mass Spec Parameters menu. The Y -
Axis represents the ion current amplitudes of every massincrement measured.

Select the Schedule menu to set the scan trigger timing.  Once the scan isin progress,
the AutoScale command in the Graph menu may be used to scale the data.

The Analog Trace parameters such as color and width may be changed by either double
clicking on a data point directly (if datais present) or by using the Traces command from
the Graph menu.

In Analog mode the RGA Head scans from the start to the stop mass using the Points Per
AMU variable specified in the Mass Spec Scan Parameters dialog box (the Scan
Parameters... command in Scan menu or the shortcut button of the Parameter button

2 ). Thisvalueis used to determine the mass increments between data points. The
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time to acquire each partial pressure depends on the scan speed selected (the plotting
speed depends on the user's computer).

Histogram (Mode Menu 1 )

Histogram mode displays the individual mass amplitudes for the selected scan range.  In
this mode the RGA head performs a peak-lock for each mass and cal cul ates one
amplitude per mass.  This peak isthen plotted as a bar at the appropriate mass. The X-
AXis represents the mass range chosen in the Mass Spec Scan Parameters dial og box
activated by the Scan Parameters... command or the shortcut button of the Parameter

button 2 . The Y-Axis represents the ion current amplitudes of every mass measured.
A massindex indicator islocated at the left of the X-Axis. Theindex displays the mass
that is currently being updated (assuming alive scan isin progress).

Use either the Schedule command from the Scan menu or the shortcut button of the clock
figure to set the scan trigger timing.  Once the scan isin progress, the AutoScale
command (Graph menu) menu may be used to scale the data.

The Histogram Traces (bars) colors may be changed by either double clicking on the bars
or selecting the Traces command from the Graph menu.

In Histogram mode the RGA Head scans from the start to the stop mass running 7
measurements per AMU.  After performing a peak lock on each 7 pointsit then sends
the maximum value to the RGA program. This results in one point per mass being
plotted asabar graph. Thetime to acquire each partial pressure depends on the scan
speed selected (the plotting speed depends on the user's computer).

Table (Mode Menu == )

Table mode presents a tabular form readout of preselected gases along with alarm level
warnings. The gas masses, names, and parameters can be set using the Scan
Parameters... command (Scan menu) or the shortcut button of the Parameter 1&

Table entries can be configured independently from each other.  Some entries can use
the Channel Electron Multiplier (CEM), while others can have different scan speeds with
the CEM off.

The alarm control and level settings can be edited by either double- clicking on the
Alarm text of the desired table entry, or by clicking on the 'Alarm X' (where X isthe
channel number) button for the appropriate table entry in the Table Parameters dialog
box.

Select the Schedule command (Scan menu) or the shortcut button of the clock figure to
set the scan trigger timing and frequency. The Table Traces may be edited by either
double-clicking on the text directly (except for the Alarm text), or by selecting the Traces
command (Graph menu).

Important: Table mode, P vs T mode, and Annunciator mode share the same table scan
parameters, alarm parameters, and graph trace colors.
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The data acquisition method for the table scan will vary depending on the display mode
selected:

In Table mode or Table mode split with P vs T mode, each table entry value
(partial pressure) isacquired directly from the RGA head by individually
guerying the partial pressurefor the appropriate mass. Thisisdonefor all
the selected masses using the present scan schedule asatrigger. Thetimeto
acquire each partial pressure depends on the scan speed selected for that
mass (the plotting speed depends on the user's computer).

In Table mode split with Analog or Histogram mode, the Table entry values
are extracted from the Analog or Histogram spectrum. Noindividual
massquery isperformed. |f a Table masslies outside the Analog or
Histogram massrange, itspartial _pressure will show a zero value with the
alarm indicating the appropriate zero valuewarning. A table entry can be
easily disabled using the Table Parameter s dialog box.

Pvs T (Mode Menu < )

Pressure versus Time modeis ascroll graph of up to ten gas masses in the same plot.
The graph scrollsto the left as the data fills the screen and the data is saved for review at
any time. The gas masses, hames, and parameters can be set using the Scan
Parameters... command from the Scan menu or the shortcut button of the Parameter 2

Pvs T entries can be configured independently from each other. Some entries can use
the Channel Electron Multiplier (CEM) while others can have different scan speeds with
the CEM off. When thismode is split with Table mode, the result is a wealth of
information on the selected gases behavior. The Schedule command (Scan menu) or
the shortcut button of the clock figure may be used to set the scan trigger timing and
frequency. ThePvsT Traces may be edited by either double clicking on them directly,
or by selecting the Traces menu.

The ViewControl Bar ( 4* *¢ 4+ = ) may be used to zoom, scroll, and view
all the datain the history buffers. Whilein this history mode, the RGA can still be
scanning new data without scrolling the graph.

Note that the Table mode, P vs T mode, and Annunciator mode share the same table scan
parameters, alarm parameters, and graph trace colors.

The data acquisition method for the Pvs T scan will vary depending on the display mode
selected:

In PvsT modeor Table mode split with P vs T mode, each table entry value
(partial pressure) isacquired directly from the RGA head by individually
guerying the partial pressurefor the appropriate mass. Thisisdonefor all
the selected masses using the present scan schedule asatrigger.

In PvsT mode split with Analog or Histogram mode, theP vs T entry
values are extracted from the Analog or Histogram spectrum. No
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individual massquery isperformed. If aPvsT massliesoutsidethe
Analog or Histogram mass range, its partial pressure will show a zero value.
A tableentry can be easily disabled using the Table Parameter s dialog box.

Leak Test (Mode Menu 1 )

Leak Test mode provides the most effective way to study the behavior of asingle gas.
This mode provides a scroll graph that monitors the gas trend over a period of time, an
instantaneous partial pressure readout, a bar meter, and an Alarm message. An Audible
beep with a pitch proportional to the partial pressureis also available if asound card is
installed. If the beep is disabled, an Audio message can be enabled to reflect the status
of the Alarm levels.

The gas mass, name, and scan parameters may be configured from the Scan

Parameters... command (Scan menu). The Leak Trace, bar meter color, and text readout
color can be edited by double clicking on them directly (if datais present) or by selecting
the Traces command form the Graph menu. Only one color can be selected for all data
objects. The Schedule command (Scan menu) or the shortcut button of the clock figure
may be used to set the scan trigger frequency.

In Leak Test mode, the partial pressure for the specified gas is acquired by querying the
RGA head for that specific massonly. The frequency of data acquisition is set in the
Schedule setup. The time to acquire each partial pressure depends on the scan speed
selected (the plotting speed depends on the user's computer). The Leak Test display
mode cannot be split with other modes.

Annunciator (Mode Menu )

Annunciator mode provides an effective way to visually monitor gas warning levels from
adistance. The graph is composed of large green panels each representing a gas and
alarmlevel. The partial pressure valueis clearly visible and so isthe gasname. When
an Alarm level isreached, the panel color changes to bright red and the appropriate
alarm messageis shown. The gas masses, names, and parameters can be set using the
Table Parameters command from the Scan menu.

The Annunciator channels can be independently configured. Some channels can use
the Channel Electron Multiplier (CEM) while others can have different scan speed with
the CEM off.

The alarm control and level settings can be edited by either double clicking on the
Alarm text of the desired annunciator entry, or by clicking on the 'Alarm X' (where X is
the channel number) button for the annunciator channel in the Table Parameters dialog
box.

The Schedule command (Scan menu) or the shortcut button of the clock figure may be
used to set the scan trigger frequency.

The Annunciator display mode cannot be split with other modes.

Important:
Table mode, P vs T mode, and Annunciator mode share the same table scan parameters,

SRS Residual Gas Analyzer



Features and Operation 5-11

alarm parameters, and graph trace colors.

In Annunciator mode each channel value (partial pressure) is acquired directly from the
RGA head by individually querying the partial pressure for the appropriate mass. This
isdone for all the selected masses using the present scan schedule as atrigger.

Library (Mode Menu 1L )

Library mode displays the selected library gas fragment patternsin a histogram graph.
When split with a histogram or analog graph, the mass range of the library will
automatically match that graph's range for easy comparison of gases. All library
information is read from the "srsgas.lib” ASCII file located in the same directory as
"rga.exe’. Thisfile may be edited (with atext editor) to add, delete, or modify gasesin
thelibrary. The exact library file format must be preserved for proper operation of this
mode.

The Library Traces (bars) colors may be changed by either double clicking on the bars
directly or by using the Traces command (Graph menu).

Thelibrary scan parameters (displayed mass range) may be changed using either the
Scan Parameters... command in the Scan menu or the shortcut button of the Parameter
button 2

Data Acquisition
The terms Data Acquisition and Scanning are used interchangeably in the SRS RGA
documentation. A scan impliesthat the SRS RGA Head is performing ion current
readings and sending the data over the RS232 cable to the PC running the RGA program
at afixed rate of 28.8 kbaud. Thisdatais graphed using the currently active display
mode chosen by the user.  The speed of graphing depends on the hardware used and can
vary with types of CPUs, video cards, Serial ports etc.

The main procedure for establishing alive scan is outlined below:
1. Turnonthe SRS RGA Head.

2. Establish a connection between the RGA program and Head (Head menu or
Connection button).

3. Select the desired display mode (Mode Menu or mode button).
4. Turn On the Filament (Head menu or Filament button).
5. Select the desired scan parameters (Scan menu or Parameter button).
6. Select the desired trigger rate (Scan menu or Schedule button).
7. Select the Start scan command (Scan menu or Start button).
Scan Data Logging

Scan Datalogging (or scan logging ) is used for saving raw scan data to disk without the
overhead that comes with saving an RGA Head file.
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Scan logging continuously saves scan data along with the time and date, with only the
essential information about each scan.  The user can easily browse through the scans
after the scan logging is complete using the Next Item and Previous Item commands from
the View menu or the arrow buttonsin the Tool Bar.

Scan logging is implemented for all the display modes. Even the split mode and the
spectrum analysis function can belogged. Any encountered errors will be logged for
troubleshooting. Each mode has its own file folder to save the logged data by default in
the log main folder (.\SRS\RGA3 0O\Log). The analog scan (.ana), the histogram (.hst),
and the table scan (.thl) are saved in both RGA spectrum format  and ASCII text format
(.txt). Other scans are saved only in ASCII text format. The ASCII format file can be
opened with any word processor program and also can be opened with a spreadsheet
program.

Graph Management
RGA isafully interactive Windows program that allows the user to directly manipulate
graphical objects on the screen by double-clicking on them with apoint and click device
such asamouse or track ball. The ViewControl Bar contains shortcut buttons for
controlling the active graphic display: rescaling, zooming out, zooming in, pan left, pan
right, full scale. These functions can be performed during scanning.

Almost every graph object in every display mode may be edited by double clicking on it.
The extent of the editing depends on the actual object. For example you may change
the text color, font, and size of any graph title but you may only change the color of the
bar graphsin Histogram mode. Every graph object that can be edited by double-
clicking on it may also be edited by using an equivalent command from the Graph menu.

All graph parameters relating to graph objects are saved when the Save or Save As
commands are used form the File menu.

Graph object parameters are local variables to the presently active display mode only.
For example, if the background mode in Analog mode is changed to yellow, the
background mode of all the other modes remains unchanged. Also, any new file using
the Analog mode still uses the default background color.

After an RGA file has been edited to have a desired ook, it may be used as atemplate
for new files by clearing its data using the Clear Graph Data command in Edit menu,
saving it using the Save As command, and opening it again using the Open command.

Head Management
The SRS RGA Head has nonvolatile memory that stores most head variables such as
sensitivity factors, Channel Electron Multiplier gain, high voltage, calibration factors,
etc. When the RGA program connects to a head, all these variables are read from the
head and stored temporarily in the program for use in the active file. 'When a head
parameter is edited using the command in the Head menu, that parameter is stored back
in the head immediately.
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Saving RGA files does not save any of the head parameters to that file since each RGA
Head has unique parameters due to minor variationsin electronic and physical
properties. Head parameters cannot be changed unless an SRS RGA Head is connected
and turned on.

Sensitivity Factors
The RGA Head uses two sensitivity factors stored in its non-volatile memory. The
sensitivity factors, one for total pressure and one for partial pressure, are used as
conversion factors between the ion currents received form the head and the pressure
units selected by the user.

The sensitivity factors can be changed using the Sensitivity Tuning command in the
Head menu. In order to set these factors, you need areference ion gauge installed in the
same vacuum system.  The reading from the gauge is used to set the new sensitivity
factor for the RGA Head.

Note: The pressure limits you may enter will change if you have the Pressure Reduction
option enabled. If thisoption is enabled RGA lets you enter much higher pressure
values.

Spectrum Analysis
Mass spectrum analysis takes you one step beyond visual analysis and Library lookup
tables. RGA looks at the spectrum from 1 to 50 amu and uses a matrix inversion
technique to analyze the composition of the residual gas and approximate its
composition. Note that Analysis mode requires a minimum span of 1 to 50 amu. (The
span can be higher than 50.)

Background Data
This mode is helpful in providing the user with a clean baseline after the background
data gets subtracted from newly acquired scans. This utility isavailable in Analog
mode, Histogram mode, Table mode, and Pvs T mode.  In Analog mode and Histogram
mode the scan must be allowed to finish at the Stop mass before the data can be used as
background. Use the Stop at End command from the Scan menu (if in continuous scan
mode) to guarantee this condition.

In Analog and Histogram modes the full spectrum is subtracted from the newly
acquired spectrum. In Tableand P vsT modes, only the last acquired partial
pressure of each mass get used asa background data. WhenaTableor PvsT
modeis split with Analog or Histogram mode AND background is enabled, the data
intheTableor PvsT graph isextracted from the Analog or Histogram graph and
NOT subtracted form its own previous data.
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RGA Head and Scan Parameters

The following topics describe how a user might change any of the RGA Head or scan parameters.  For
specific command information please use the On-Line Help for the RGA Program.

Note:

For detailed information and command description of the RGA program pleaserefer to the RGA
On-Line Help filesprovided with the program disks. The RGA help system includes a detailed
description of all the features, proceduresand commands availablein the program.

Changing Scanning Parameters
Every display mode has scan parameters that are used to setup the display and to acquire
dataformthe RGA head. Some modes such asthe Pvs T, Table, and Annunciator
modes share the same scan parameters. For example, if a scan parameter ischanged in
table mode, this change will be reflected in the P vs T and annunciator mode when those
modes are activated.

It is not necessary to be connected to an RGA Head to modify the scan parameters, the
head will be updated when a connection is established.
To change the scan parameters do the following:

1. Select the desired display mode from the Mode menu or by clicking one of the mode
buttons.

2. Select Scan parameters from the Scan menu (the applicable parameters will be
enabled).

If the user accepts the new parameters, the display is recreated using the new parameters
and, if an RGA Head is connected, its parameters get updated al so.

Note:

Changing scan parameterswill result in loss of all displayed data on the screen.
Usethe File menu to save the data in one of the for mats available before changing
any scan parameters.

Changing Head Parameters
The head parameters menu items are available only when there is an SRS RGA Head
connected and turned on.  The head parameters are variables that depend on the actual
RGA Head and reside in non-volatile memory in the RGA Head circuitry. These
parameters are read from the Head when a connection is established and vary from one
Head to another due to physical properties, electronic properties, and aging of the unit.

To change or view any of the Head parameters, do the following:
1. Connect to a head using the Connector List Setup from the Utilities menu.

2. Sdect an item from the Head menu.

SRS Residual Gas Analyzer
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If the operation is not canceled, the new parameters are stored in the Head and are used
in subsequent operations.

Changing Scan Trigger Rates
The scan trigger rate (schedule) determines the frequency with which a scan is repeated.
Not al display modes have the same schedule options.  When changing trigger rates
keep in mind the following:

* When agraph with atime axisis active, only timer triggered schedule is allowed.

*  When asplit mode is active, the graph with the more restrictive schedule is used for
triggering scans.

e If asealected trigger period is smaller than the actual period of the scan, RGA will
change the trigger period to the minimum value.

To c