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Safety and Preparation For Use i

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
M ass Range:
RGA100 1to 100 amu
RGA?200 1to 200 amu
RGA300 1to 300 amu
Massfilter type Quadrupole
(Cylindrical rods, rod diameter: 0.25”, rod length: 4.5")
Detector type Faraday cup (FC) - standard
Electron multiplier (CDEM) - optional
Resolution Better than 0.5 amu @ 10% peak height
(per AV'S standard 2.3). Adjustable to constant peak width throughout the entire mass
range.
Sensitivity (A/Torr)* 210" (FC)
<200 (CDEM). User adjustable throughout high voltage range.
Minimum detectable 510™ Torr (FC).
partial pressure 510" Torr (CDEM).
(MDPP)*
Operating pressure 10 Torr to UHV (FC)
range 310° Torr to UHV (CDEM)
M ax. bakeout 350°C (FC)
temperatur e (without 300°C (CDEM)
ECU)
Recommended bakeout 200°C
temperature
Total press. Available with FC measurements only
measur ement

* Measured with N, @ 28 amu with 1 amu full peak width @ 10% height, 70 eV electron energy, 12 eV
ion energy and 1 mA electron emission current.

| onizer

Design Openion source, cylindrical symmetry.

Operation Electron impact ionization.

Material Stainless stedl, type 304.

Filament Thoriated Iridium (dual) with firmware protection. Field

replaceable.
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xiv  Specifications

Degas

Electron energy
lon energy
Focusvoltage

Electron emission
current

General

Probe dimension
Probeinsertion

Probe mounting flange
Minimum port |.D.
ECU dimensions

LED indicators

Computer interface

Software

Power Requirement

Weight
Warranty

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 bakeoui.

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/CT S handshaking.

Windows OS based application. Requires 486 66MHz PC or
faster.

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

6 Ibs.

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 lonizer

Electron Energy

Electron Emission Current

lon Energy

Focus Plate Voltage

Detection Control

Name
CA
CL
HV

MO
NF

Description
Cdlibrate All
Cdlibrate Electrometer
CDEM'’sHigh 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
2

0,12

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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Command List

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 RGA100, 200 for RGA200 and 300 for RGA300.

Description

STATUS Byte Query
PS_ERR Byte Query
DET_ERR Byte Query
QMF_ERR Byte Query
CEM_ERR Byte Query
FIL_ERR Byte Query

RS232_ERR Byte Query

Parameters
0.0000-M_MAX

Parameters
s

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

600.0000-1600.0000, *,
?,none

Parameters

.\) .\) .\) .\) .\) .\) .\)

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.

Please read and follow all installation instructionsto insure that the optimum perfor mance of the
instrument is not compromised during the installation process.

In This Chapter

(6] oF=Tod 14T o o E PP PPTPPP 1-2
Before YOU OPEN the BOX . ..ot 1-2

(O 7= L 1-2
Standard EQUIPMENt / SUPPIIES. .....veeeiiiie ettt 1-2
AACCESSOIIES ...ttt ettt ettt e ettt e e ettt e e oottt e e e ab bt e e e e bttt e e e aa bttt e e e st bt e e e enbe e e e e entbe e e e e nnnneeas 1-2

(@011 10 07 [ =0 0] 0/ 07 o | SO SRR 1-3

REIGEA EQUIPMENT. ...ttt ettt e s e e s e e e e e nnne e e enneas 1-3

T B3 = 11 =4 o o PP 1-4
T} e Yo [0 Tox 0 Y o PSP 14

Probe INSTAllation ... ..o e e e 14
Hardware REQUITEIMENES.........oiiuiiiiiieeiiie et stee st st e s e e sbe e s e e snbeeesneeas 1-5
0101 o 0] = R OTPPR 1-6
Electronics Control Unit INStallation ..o e 1-8
Hardware REQUITEMENTS..........uiii et et e e e e e e e snnee e e e snnaeeeeenees 1-8
0101 o 0= SRRSO 1-10

RGA WiIiNdoWS INStallation .......counii e e ees 1-11
Minimum System Requirements (Single Head Operation) ............cccoevveeiieeeiiieeeiiieee s 1-11
PIOCEOUIE......ceei et e et e e e b e e e s bbe e e e s snbbe e e e e nabeeeeeans 1-12

TUINING ON The RG A .. e e e e e e e e e e aeens 1-12
RUNNING the SRS RGA SYSTIM ..uiiiiiiiiii e e e e e e e e et e aaaeens 1-13
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1-2  Unpacking

Unpacking

Before You Open the Box

1

Checklist

To reduce the chance of contamination, do not remove the probe from its plastic
shipping container until moments before it is ready to be ingtaled in the vacuum
system.

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.

Please read and follow dl ingtalation instructions in this chapter to insure that the
optimum performance of the instrument is not compromised during the installation
process.

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

Take amoment at this time to read the CDEM Handling and Care section of the
RGA Maintenance chapter if your unit includes the electron multiplier option (Option
01).

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.

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

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

Standard Equipment / Supplies

1

2.

3.

4,

5.

6.

One RGA Probe (in sedled plastic container.)

One Electronics Control Unit box.

Two 3.5 inch floppy disks with RGA Windows software.
DB9-DB9 RS232 cable (25 length).

DB25 to DB9 connector adapter.

Operating Manua and Programming Reference.

Accessories

1

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

SRS Residual Gas Analyzer
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Optional Equipment
1. Option01 Electron multiplier, with HVPS. Preinstalled at the factory.

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 aso have Option 01.)
4. O100RF Replacement Filament Kit.

5. O100RI  Replacement lonizer Kit.

6. O100EM Replacement Electron Multiplier.

7. O100CS Computer system: IBM compatible PC with factory installed RGA
Windows software

8. O100RM 19" Rack Mount enclosure for computer and monitor
9. OI100TR Computer output card, cable, relay card.
10. O100TS  Computer output card, TTL screw terminal card.

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.

SRS Residual Gas Analyzer
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Installation

Installation

Introduction
The standard SRS RGA System consists of':

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

Specific hardware requirements and ingtallation instructions are needed for each one of
the components.

| mportant

Follow the ingtallation steps in the strict order in which they are presented in this
chapter.

Do not power up the instrument until it is indicated in the procedure.

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

Please read and follow al ingtallation 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 stedl tube (RGA Cover Nipple) covers the probe assembly with the exception
of theionizer. Theionizer isthe only component of the probe that protrudes into 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 tube isan
integra part of the quadrupole assembly and the RGA will not operate properly
without it. Please consult the Hardware Modifications 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.

SRS Residual Gas Analyzer
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Use proper vacuum procedures while installing the probe:
Set aside a clean, dust free, work area next to the vacuum port.
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 sedls:
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
system isrequired 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:

The vacuum 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.

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 a gasinlet 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.

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

The probe must be protected from evaporation sources that could coat the ionizer.

Enough clearance must be alowed for the ECU box that attaches directly to the
probe’ s feedthru flange.

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 access to
the rear pand 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:
One standard OFHC copper gasket for 2 3/4” CF flange. New and clean!

Six high-strength stainless steel boltsfor 2 3/4” CF flanges. Use six 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 atapped 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. Use a 7/16” 12-point wrench for standard hex head
bolts and nuts, or a 1/4” 12-point wrench for 12-point bolt heads.

Optional adapter flanges. Install an adapter flange in the vacuum system if no 2
3/4" CF ports are available. Zero-Length Adapter flanges, with a2 3/4” CF
flange on one side and a bigger size flange on the other, are an economical
aternative 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.

2. 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.

3. Hold the probe in a secured upright position and do a thorough visual inspection of the
part. Check for loose, damaged or misaligned components. Minor misalignments of
the ionizer’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
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of the metal sealsin dl CF flanges.
Important: Abort the ingtallation 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
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 misaignment of
the ionizer. Get an extra hand from a co-worker if necessary.

RGA Mounting Flange

Yacuum Chamber

5.

RGA C Nippl

Vacuum Port L lonizer -

| Probe Assembly

Figure 1 RGA Probe Installation

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 flangesarein
contact, and finish the tightening process with an extra 1/16 of a turn on each bolt.

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) fromitswalls. 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 metd 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 .

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

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.
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An overnight 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.

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
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 aignment 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 repdller (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 the installation instructions below could result in damage to the
ceramic feedthru connectors of the probe’s flange, and would requir e sending
the entire unit back to Stanford Research Systemsfor a complete flange
replacement.

Hardware Requirements
1. Externa Power source:

Standard ECU boxes require an externa 24 +/- 2V DC power supply @ 2.5 Amps
(i.e. 60 Watt) to power its electronics.

Units with the optiona 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:
Externa 24V power supplies must have a cable with a9 pin, type D, female
connector on the free end, wired as described in the “ECU- 24VDC power
connector” diagram shown below.
Note: A power cable, with a properly wired, femae, DB-9 cable connector, is
provided by SRS with al RGA unitsthat do not include the built-in power module
(Option 02). Attach the connector’ s wires to alonger two-wire cable, of smilar or
bigger gauge, to make a power cord compatible with the RGA’s power connector.
RGA units with the optiona built-in power module(Option 02) are connected directly
to awall outlet using the three wire power cord provided by SRS.

3 8 7 6
> & 8 @
® o ¢ @

5 4 3 2

Fin #| Voltage
+24WDC
+24WDC
Ground
Ground
Ground
+24 WD
Ground
+24 WD
Ground

—_

[ I W ey O Il O O P N

Figure 2 ECU 24 VDC Power Connector

3. RS232 cable: A straight through RS232 cable with 9-pin, type D connectors is 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 hnles\

FiE |

High "2 Eaapt. Il

Mz unlk A riodiad R0

sy oL

Clearance 4
holes
5 places)

gl
144 PRI VEE RN SRR
e g, yiH

o i

Internal cnnnen::tnrs/
Locking screws
(2 places)

Figure 3 ECU Front Panel

2. Next, inspect the probe' s feedthru flange:
Eight ceramic feedthru connectors on a 1" diameter circle surround a center tube
terminated by a coaxia connector. Two aignment 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 s0 that the two smdl aignment 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. Slide the ECU into the probe using the alignment rods as a guide, and until physica
contact is made between the probe and the ECU’ s internal connectors.

6. Using gentle pressur e on the back of the box, push the probe’'s conductors into 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
individua RGA system and only dight resistance should be experienced during this
step. If significant resistance is noted while diding the ECU onto the probe do not
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exert excessive force since that might damage the ceramic-to-metal seals of the
feedthrus. Instead, rock the ECU box up and down, while gently pushing on its back,
until the connectors line up. Once the connectors are dl 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 overtighten! (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 optiona 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.
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.
Use the DB25 to DB9 connector adapter if the computer has a 25 pin Type D
connector.

RGA Windows Installation

The RGA Windows Software is preingtalled at the factory in RGA Systems that include
the optional Computer system (option O100CS).

Minimum System Requirements (Single Head Operation)
IBM compatible 486 CPU machine at 66 MHz with 8 Mbytes of RAM or greater

Mouse or equivalent pointing device.

Seria port (16550 UART recommended but not necessary).

Straight through, DB-9 to DB-9, RS-232 cable.

5 Mbytes of free hard disk space (for RGA ingtallation and runtime use).
1.44Mbyte 3.5 floppy drive (for the installation disks).

Super VGA graphics card running in 800x600, 256 color mode.

A sound card if the audio features are needed.
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Microsoft Windows version 3.1 or later.

Note: 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. If you choose to scan at the fastest speed and want the RGA
program to "keep up" with the head, then afaster computer, 1/0 card, and graphics card
might be required.

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

2. Insert Disk 1 of the RGA Windows software in the 1.44 Mbytes 3.5” floppy drive of
the compuiter.

3. Run Setup.

4. The software is automatically and completely installed by the RGA ingtalation
program. Read and follow all instructions.

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

6. Takeamoment at thistime to read the RGA Windows Software Chapter of this
manual.

Turning on the RGA
1. 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.

2. When power is gpplied to the ECU, afirmware routine automatically checks the
externa voltage level and turns on the green Power LED if the voltage is within the
acceptable range of 24 +/-2 V DC. The SRS RGA Head is now 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 al the ingtallation 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. RGA Windows should be ingtaled in the computer and ready to run.

Warning:
Do not operate the RGA if the pressure in the chamber is greater than 10 Torr.

1

2.

Turn on the computer and start Microsoft Windows.

Start the RGA Software:
To dtart the RGA software simply double-click on the RGA icon in the "SRS RGA"
program group created by the RGA ingtalation program:

RGA Program

Connect to the RGA Head:

Click on the toolbar’ s RS232 Setup button or select RS232 Setup from the
Utilities menu.

Select the port to which the RGA head is connected (often COM2.)
Click on the Connect button.
The connection is made when the dialog box disappears, the toolbar’ s GO button

turns green, the RS232 button is highlighted, and the Scan and Head menu
commands get enabled.

4. Turn on the filament;

Click on the toolbar’ s Filament button .

Theionizer is biased with default voltage values and the filament is turned on to
the default emission current. It takes a few 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.

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

5. Perform an analog scan under the current scan conditions:
Analog mode is the spectrum analysis mode common to al Residual Gas Anayzers.
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 sartsin the Analog mode of display by default. The scan range defaultsto 1 to
50 amu.

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

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

Rescale the Y-Axis clicking on the Auto Scale button or selecting Auto
Scae from the Graph Menu.

Change the Y-Axis to alogarithmic scale selecting the Log option of Select Scae
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 al the festures,
procedures, and commands available in the RGA program.

Consult the RGA Genera Operation chapter of this manual for a genera 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 Research Systems Residual Gas
Analyzer (SRSRGA).

In This Chapter
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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 Anayzers or Partia
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 is to analyze the gases inside the vacuum chamber.

The principle of operation is the 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 widdly used to quickly identify the different molecules present in a
residual gas environment and, when properly caibrated, 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.

Electronics Control
Unit {(ECL)

Quadrupole Prabe

Figure 1Quadrupole Head Components

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

The ECU is adensaly 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 manud. It includes
several regulated power supplies, a microprocessor, control firmware, and a
standard RS232 communications port. It is powered by either an externd 24
VDC (@2.5 Amps) power supply or an optiona 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 eectron 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 10" and 10* A, providing six orders of magnitude dynamic range during
single mass measurements and scans, and detectable partia 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 (486 or greater). The intuitive graphical user interface
allows measurements to be made and displayed in a variety of modes. The

SRSResidual Gas Analyzer



2-4

The SRS RGA

program is fully interactive and measurements are set up quickly and easily with
the click of amouse. The software aso supports multiple head operation when
more than one RGA head is needed. Please refer to the RGA Windows chapter
of this manud, and the RGA On-Line Help files, provided with the program disks,
for detailed information on the features, procedures, and commands available in
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:

Analog scanning

Histogram scanning

Single mass measur ement
Total pressure measur ement.

RGA Windows provides fast accessto al the RGA functions without the need
for any computer programming; however, the instrument can aso be programmed
directly using the RGA Command Set supported by its serid interface. Consult
the RGA Programming chapter of this manua 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
operate in the “Constant Resolution” or “Constant Dm” mode, with DM 109,
preset to one amu at the factory.

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

A complete product specifications listing is included in the introductory sections of
this manua.
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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 thelr respective masses and measuring the ion currents at each mass. Partia
pressure measurements are determined with the help of previoudy calculated
sengitivity (i.e. calibration) factors by reference to the abundance of the individua
mass numbers attributed to each gas type.

During andlysis, 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 trgjectories on the RF and DC fields. The magnitude and
frequency of the RF determine the mass-to-charge ratio of the ions that 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 electrometer.

A brief note on Mass Unitsin Mass Spectrometry:

Since molecules are so small, it is convenient to define a specia 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. **C), isthe
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 aomic mass units (amu) is equa 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 the ions. The mass-to-charge ratio,
M/Q, is defined as the ratio of the mass number M of the ion 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 mass to charge ratio is numerically equal to the mass
of theion in atomic mass units (amu).

RGA usersoften use the term “mass of an ion” when they really mean
the mass-to-chargeratio. This convenient way of speaking isstrictly valid
for singly charged ions only.

2-5
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The SRS RGA as a Mass spectrometer
The SRS RGA can perform both analog and histogram scans over its entire mass
range. Residual gas analysis relies on the interpretation of the spectral data
generated by these two modes to completely characterize, both qualitatively and
quantitatively, a vacuum environment.

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 quadrupol e 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 individua pesk-
height measurements over a pre-specified mass range. A single valueis 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. Its two 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 as a function of time. The outputs provided by a set of single mass
measurements are often used in process control programs to control aarms,
analog and digita outputs, and relays.

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

Peak L ocking procedure: During a Single Mass Measurement 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 massesin
amass spectrum without being affected by drifts in the mass-axis calibration.
The Miniscan covers a 0.6 amu range centered at the mass requested, and
selects the maximum current from 7 individual measurements performed at 0.1
amu mass increments.
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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
anayzer 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.

Important: The RGA’s sengitivity factor for total pressure measurementsis
highly mass dependent. Some residua mass discrimination takes place in the filter
that results in 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.

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 eectron multiplier is being used. For more information on this
subject please consult the section titled Total Pressure Measurements in the
Programming chapter of this manual.

2-7
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Residual Gas Analysis Basics

The SRS RGA can perform both qualitative and quantitative analysis of the gases
in avacuum system. Obtaining spectra with the SRS RGA is very smple.
Interpreting the spectra, that is, understanding what the spectrais trying 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 Anaysis. Consult Appendix A of
this manua for specific examples on the application of the SRS RGA to vacuum
diagnosis

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

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

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

For information on multiple linear regression anayss consullt:

1. William H. Press, et. d., 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 Physica
Sciences, New York, McGraw-Hill, Chapters 8-9.

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

Thefirst step in the spectral analysis process is to correctly identify the mass-to-
chargeratio of all the peaks in the mass spectrum. A well calibrated mass scale is
essentid 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 residua
gases that have produced the spectrum. A knowledge of the recent history of
your system may provide very vauable clues as to the possible gases that may be
residuas in the vacuum chamber. A familiarity with the standard spectra of
commonly expected gases will generaly 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
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gualitative 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 patter ns of
the components.

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 eectron impact type of ionizer used in
modern RGA’ s almost 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 residua gas
analysis are well established and listed in the general RGA Literature. A very
complete library can aso 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: Virtualy 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 cdibration 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 andysis, 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 are present in the mixture. In other words, the total spectrum is
equa to the sum of the individual peaks that would be observed if each
congtituent were aone in the system.

In mathematical terms, the assumption stated above can be written as the
following linear equation:
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Hy = Sghug 1)
where;

Qisaninteger 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.

Hy = total peak height (amps) of the spectrum at mass number M .

hy g~ peak height contribution (amps) from gas g a mass M.

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

g = amg S Py @

where:

a Mg = Fragmentation factor of gas g at mass M: Ratio of ion signal at
mass M to theion signa at the principa mass pesk for gas g.

Sg = RGA's partid pressure senditivity factor for gas g, in amp/Torr (see
Partial Pressure Sensitivity Factor below)

Py = Partial pressure of gas g in the system.

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

Since al gases have more than one peak in their fragmentation pattern, the
number of peaks (M) in area spectrum is generaly larger than the number of
gases (g). As aresult, the system of equations (3) usually has more equations
than unknowns. This Situation is sometimes ssimplified eiminating some of the
extra equations, however, the best results are obtained using dl the equations and
amultiple linear regression procedure to calculate the best possible fit to the data.

Obvioudly, accurate results can only be obtained if the constants &  gand Sg are
well known for the RGA being used.

Note: The Anayze Utility of RGA Windows uses a multiple linear regression
agorithm, as mentioned above, to automatically calculate the composition of a
“typical residua gas environment” at the end of any 1-50 amu spectral scan.
Please see the RGA On-Line Help files for details.
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Standard fragmentation patterns (for example, the fragmentation patterns included

inthe RGA Library of RGA Windows) can be used as a source of g valuesin
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 a fragmentation pattern is smply the most intense peak of
the spectrum, and the intensity of all the other peaks in the pattern are normalized
to its height for the calculation of fragmentation factors. Note that by our

definition the@ g value for the principal mass peak of any gasisequal to
one. Principal mass peaks are used in the calculation of the sensitivity of the SRS
RGA to different gases as shown below.
Partial Pressure Sensitivity Factors
The partia pressure sengitivity of the RGA to agas g, Sg is defined astheratio
of the change (H-Ho) in principal mass pesk height to the corresponding change
(P— Po) in total pressure due to a change in partial pressure of the particular gas
species. Hy 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 sengitivity 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 quantitative analysis requires that the sensitivity factor, Sg
be determined for every gas which may be a component gas in the system being
analyzed. The sengitivity factors must be obtained under the same operating
conditions that will be used during general partial pressure anaysis since they
depend on many ingrumental parameters, including: ionization energy, emisson
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 eectron multiplier is turned 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 gas in the RGA
is the following:

Introduce the pure gas into the vacuum system, at a known or calculable
pressure (typically around 10° Torr).
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Measure the output signal from the RGA for the principa mass peak of that
gas using the Faraday cup detector.

The ratio of this output signal to the pressure of the gas is the sengitivity

factor, Sq

During these measurementsiit is very important to insure that the partial pressures
of al 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 Sensgitivity Tuning section in
the RGA Tuning chapter of this manual for more details on this calibration
procedure.

A total pressure sensitivity factor isaso needed by the SRS RGA to convert
the ion currents obtained during total pressure measurements into total pressures.
Total pressure senditivity 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.

The underlying assumption when using senditivity factors in quantitative
caculationsisthat there is alinear 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 effects in the ionizer and ion-
neutral scattering interactions in the filter. A more thorough check of the RGA’s
sengtivity involves measuring the RGA signals over severd orders of magnitude
of partial pressure to determine the range over which alinear relationship exists.
The sengitivity factor for the gas is calculated as the dope of the “signal vs.
partial pressure’ response over the linear range.

RGA Windows uses two sengitivity 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
easly 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 the ion signals for the gain of the eectron multiplier. The
gain of the eectron multiplier is highly mass dependent and defined relative to the
corresponding FC signd. 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
Sengtivity and Electron Multiplier Tuning sections of the RGA Tuning Chapter for
more genera 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
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partial pressure calculations. For example, the scaling factors can be used to
display correct partia pressure for all the speciesin atable if the ratios between
the partial pressure sensitivities of the different components are known and only
principa 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
gan.

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

Single gas measur ement example:
Monitoring the concentrations of one or few componentsin a system iseasy 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 a signal at that mass value. The
sensitivity to argon was previously measured at Sp,=10* amps/Torr, and the
electron multiplier is biased and its gain at mass 40 was previously measured at
Ocpem =1.0210° relative to the FC signal.

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

PAr = |40/ (gCDEM ' SAr) , unitsof Torr @

The peak value, |4, can be extracted from a spectral scan or measured directly
using the single mass measurement mode of the SRS RGA. For example, a10”
amp peak value corresponds to 9.810° Torr of Ar. Note that equation (4) isa
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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3-2 Introduction

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
all the necessary electronics for operating the instrument.

lonizer
—

Electronics Control
Lnit {ECL}

Quadrupole Probe

Figure 1 Quadrupole Head Components

The probe is a specialy engineered form of quadrupole mass spectrometer sensor. It is
mostly constructed out of type 304 stainless stee and high purity dumina, and mounts
directly onto any standard 2.75" CF port of a vacuum 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: the ionizer, the quadrupole filter and

the ion detector. All of these parts reside in the vacuum space where the gas analysis
measurements are made.

lonizer |::> lon Fiter

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” depth is
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 smple 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

éé? Ahode Grid
Filarnent

Repeller

Figure 3 lonizer Components

The filament is made out of oxidation-resistant thoria coated iridium wire, which operates
a 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 smultaneoudy under
normal operation, and service is not interrupted if a single 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 the ionizer is similar to the Bayard-Alpert gauge, except
there is no centra wire collector, and the electron repeller has been added.

SRS Residual Gas Analyzer



3-4 lonizer

F"Elmerlt\ HEFIE”EF

|4

Focus plate—
¥

Anode grid

Figure 4 lonizer Schematic

The filament is the source of the electrons used in ionizing the gas molecules. It operates
at a negative potentia relative to ground and is resistively heated to incandescence with
an eectrical 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 e ectron impact ionization. Electrons which do not strike a grid 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-accelerate 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 eectron 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 dong the axis. The ions formed within the anode grid volume, are
extracted from the ionizer by the electric field produced by the difference in 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 e ectrons from the ion 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 10° Torr. Non-linearity effects can be minimized operating at reduced electron
emission current settings.
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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.
The ECU contains al 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 s=t.
The following table summarizes the ionizer settings available to the user, including default
factory values, parameter ranges and minimum acceptable 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 35mA .02

The average electron ener gy, expressed in eV, isequal to the voltage difference
between the filament and the anode grid and can be set anywhere in the range of 25 to
105 eV. For eectrons to produce ionization of gas molecules by bombardment, they must
have a certain minimum kinetic energy. This minimum energy is called the ionization
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 eectron
energies above the maximum, the ionization efficiency sowly decreases with electron
energy.

The kinetic energy of the ions as they move down the ion filter, smply referred to as the
ion energy, and expressed in eV, isequa 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 massfilter. 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. It iswell 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, Doy, iS Mass independent,
linearly related to the ion energy, and inversaly proportiona 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 aso 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
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and never be collected at the detector. As aresult, ion signals (i.e. sensitivity) generaly
increase with ion energy.

The focus plate negative potential can be adjusted to any value within the range of 0to
-150 V. In generd, the voltage is selected so as to optimize the ion signals. The plate
serves the double purpose of drawing the ions away from the anode grid, and containing
the ionizing electrons inside the source. Electron leakage into the filter is only detectable 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 range is0 to 3.5 mA.

When an electron emission current is requested, the RGA biases the ionizer’ s e ectrodes
and activates the filament’s heater until the desired emission current is achieved. A
“Background Filament Protection” Mode is automaticaly enabled to monitor the
performance of the filament while it is emitting electrons. The Filament LED remains on
as long 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 isimmediately shut down and
the problem is prompted by the LED’s. If a current of 0 mA is requested, 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 eectron emission current is very tightly regulated by a feedback control 1oop 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. 1dedly, the rate of formation of ions should be
proportiond 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 genera 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 mass filter is an electrodynamic quadrupole operated by a combination of
DC and RF voltages. It is constructed of four electricaly-conducting, cylindrical rods
accurately held in place by a set of two high-purity aluminainsulators.

7 Ribbon connectars

Euadrupole rods

Spring loaded
perforated screws

Alurring. spacers

Figure 5 Quadrupole Mass Filter Components

Round electrodes are a common replacement for hyperbolic ones in modern RGA’s and
result in reduced cost and ease of construction. The stainless stedl (type 304) rods are
45" long, havea0.250" diameter (100 mn tolerance) and are held in quadrature and
pardlel to each other, to tolerances better than 300 min, by the precision ground alumina
spacers. Spring loaded, perforated screws fasten the rods to the spacers. The whole
assembly is self-aigning, can easily be taken apart for cleaning and it can withstand
repeated cycling to 350°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 is f=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.

Gluadmipole
amis
-

-

L+, cosot

-(U+%; coswt)

Figure 6 Quadrupole Connections

During operation, atwo dimensiona (X-Y) quadrupole field is established between the
four cylindrica eectrodes with the two opposite rods connected together electrically.

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
quadrupole filter operation. Successful separation of a specific mass species requires
setting the RF and DC vaues such that only the ions of interest have stable trgjectories
down the quadrupole rod assembly. By simultaneously varying the amplitude of the DC
and RF voltages an entire mass spectrum can be scanned.

The RGA is completely cdibrated 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 isrequired. (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

SRS Residual Gas Analyzer



Quadrupole mass filter  3-9

of useful operation is determined by the collisions between the ions and the neutral gas
molecules. In order to avoid collisiona scattering it is necessary to maximize the mean
free path of theions.

The generd principle of operation of the filter can be visudized qualitatively in the
following terms. One rod pair (X-Z plane) is connected to a positive DC voltage upon
which asinusoida 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:

where,

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

Light ions (low mass-to-charge ratio) are able to follow the aternating 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 mass filter: Only
high masses will be transmitted to the other end of the quadrupole without striking the X
electrodes. On the other hand, in the Y direction, heavy ionswill be unstable because of
the defocusing effect of the DC component, but some lighter ions will be stabilized by the
alternating component if its magnitude and amplitude are such as to correct the trgectory
whenever its amplitude tends to increase. Thus, the Y direction is alow-pass mass filter:
Only low masses will be transmitted to the other end of the quadrupole without striking the
Y electrodes.

The two directions together give amass filter 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 As the 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
discusson: 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. Smultaneoudy varying the amplitude of the DC and RF voltages allows entire mass
spectra to be scanned.
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Mass Range, Resolution and Throughput
The most important characteristics of a quadrupole are the mass range, its ultimate
resolution and its throughput characteristics.

The mass range is the range of masses defined by the lightest and the heaviest singly
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 a massfilter to resolve ions having different masses:

Resolution, or Absolute Resolution = DM j00,: Thewidth DM of the pass
band of the filter, defined as the full width at which the ion current falls down to
10% of the maximum value. Units = amu.

Resolving Power: R= M/DM 10y : Ratio between a particular mass M and the
resolution, DM 194 , at that mass. Dimensionless ratio.

It is common practice in modern RGA’s to keep DMy, constant at a value which insures
adequate separation of masses that are 1 amu apart. The SRS RGA quadrupol e operates
inthat “Constant Resolution” or “Constant Dm” mode. DM 1094 iS preset at the factory to
1 amu, but it can easily be adjusted by the user al the way to the theoretica ultimate
resolution of the filter.

The following figure illustrates the resolution concepts explained above, using a Krypton
mass spectrum as an example. The different isotopes of the gas are well separated from
each other, and a 1 amu peak width (= Dmyoy) is measured on the K peak at 10% of
its peak height. Also notice the 20% valley between the #Kr and #Kr peaks.
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Figure 7 Peak Width Measurement

It iswell established that the resolution attainable by a quadrupole is limited by the number
of cycles of RF field to which the ions are exposed before they reach the detector. In
practice, the minimum resolution (DM 100) Vaue attainable is mass independent, linearly
related to the ion energy, and inversely proportiona to the square of the product of the
quadrupole length and frequency. The two available ion energy settings of the RGA
correspond to ultimate resolution values of approximately 0.3 amu (8 eV) and 0.5 amu
(12 eV) 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, a amass M is gtrictly related to the DC/RF voltage ratio. An
increase in the resolving power usudly 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 as it 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 a genera rule of thumb Sensitivity decr eases
at 1to 1.5timestherate of resolving power increase.

The inverse relationship between sendtivity and resolving power is also responsible for a
very important feature of quadrupole mass filters operated at constant resolution: The
throughput of the analyzer decreases with mass. (Since DMy, is constant, the
resolving power, R= M/ DM 10y, increases with mass reducing the effective throughput of
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the filter 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 trgjectories are mathematically unstable,
just because of the weskness of the fields and the finite length of the filter. This givesrise
to an output signa 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
15amu.
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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 eectron current proportional to theion current.

Description
The following figure describes the detector assembly including the electron multiplier
option.
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Faraday cup
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Faraday cup shield

Figure 8 Detector Components

The Faraday Cup (FC) isasmall stainless stedl (type 304) metd 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 aso provides some focusing of the ionsinto
the detector. A cylindrical tube (FC Shield) encloses the FC, protecting it from the strong
electrodynamic potentias 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 electron suppressor € ectrode (commonly found in several commercialy
available RGA’s) is not part of this detection setup since the large aspect ratio (length-to-
diameter) of the FC assures efficient recapture of secondary electrons.

The electron multiplier is a state-of-the-art Macr o M ulti-Channel Continuous
Dynode Electron Multiplier (CDEM). It consists of a straight, four-channel tube made
out of aspecid resistive glass (i.e. high secondary eectron 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 as well as
assuring its correct placement next to the FC. A hole on the side of the FC Shield alows
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space 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 electrica coatings, deposited at both ends of the tube provide the
necessary electrical contacts. A plate (CDEM Anode) mounted at the exit of the CDEM
collects the secondary eectrons. 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 all 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. Positive ions
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 as low 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 alowing for faster scan rates and improved
signd-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 eectron 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
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straight four-channel tube made out of a specia 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 aong the length of the device and are twisted at the time the part is
drawn to diminate 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
negetively (-1000 to -2500V) relative to the back end, positive ions are very efficiently
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 proportiona 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 s activated.

The gain of the eectron multiplier in the RGA is afunction of the bias voltage and is
measured relative to the FC signal. The following figure shows atypica “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
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Very high gain values can be obtained and controlled with voltages smaller than -2500
Volts. The sensitivity of the spectrometer increases with the gain of the electron
multiplier. Higher sensitivities provide lower minimum detectable partial pressures and
faster spectral scans. Minimum detectable partial pressure limits as low as 510 Torr
are commonly achieved.

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

The dynamic range of eectron multipliers is 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 externa voltage drop along the resistive glass tube
and flows aong the channel walls replenishing their charge as secondary electrons are
emitted. Channel electron multipliers, operate linearly in the analog mode until
the output current is approximately 10% of the bias current.

The dark current of amultiplier isthe electron current measured at its output in the
absence of aninput ion current. The minimum output current that can be

accur ately measured with the multiplier isequal to the dark current noise.
Example: For atypical resistance of 200 MOhms, and a bias voltage of -2000V, the bias
current is 10 mAmps and the output current must be kept under 1 mAmp. Since the gain at
that voltage is roughly 10°, the maximum input current at which the output current
behaves linearly is 102 Amps (1 mAmp / 10°). Typical dark currents are lower than 10
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 limitsof 10 and 10° Torr,
respectively, and 7 orders of magnitude of dynamic range.

The total gain of eectron multipliers varies as a function of the mass of the incident ions.
Asarule of thumb, and for small molecules, the gain decr eases 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 channels in the multi-
channd devices reduces this problem; however, frequent calibration of the multiplier gain
againgt the FC output is recommended for reliable quantitative measurements. Thisis
done automatically with the RGA WindowsO software.

Gain degradation limits the lifetime of al electron multipliers. Eventualy the gain dropsto

SRS Residual Gas Analyzer



lon Detector 3-17

unacceptable values and the multiplier needs to be replaced. As arule of thumb, the
multiplier should be replaced when the required gains can no longer be achieved
by increasing the bias voltage. The lifetime of eectron multipliersis ultimately
dependent upon the accumulated charge drawn from the multiplier (Gain degradation
typically starts at accumulated output current values of a few thousand mAmp-hr).
However, the lifetime also depends critically on the residual gas environment and the
duration of transent signals. Contamination by organic compounds (i.e. diffusion or
mechanica 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 refr eshed
by cleaning them in high purity isopropyl acohol. 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 a last resort before discarding a
multiplier.

Channdl eectron 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 Care section inthe RGA Maintenance chapter to familiarize
yourself with some of the basic procedures that must be followed for the correct
operation of the multipliers.
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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 unless you are authorized to do so.

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

Because of the danger of introducing additional hazards, 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 SRS for
service and repair to ensure that safety features are maintained.

The SRS RGA is a quadrupole mass spectrometer specialy engineered to perform all the
functions of aresdua gas analyzer, and its standard electron impact ionizer is designed
specificaly for that type of operation. However, the smplicity of design of the probe
facilitates the modification of the instrument so that measurement applications other than
simple partia 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, dectrospray, ICP, laser ionization and surface
desorption experiments.

Many of the changes required to apply the RGA probe to aternative measurement
schemes involve the modification of the ionizer from its standard design. The ionizer is of
avery smple design and can be completely disassembled by the user loosening a few
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 is to discuss the effects that design changes will have on the overal
performance of the probe. These type of modifications are most common in research
gpplications, and obvioudy should only be attempted by qualified per sonnel who
completely under stand the operation of the quadrupole mass spectrometer .

It isagood practice to minimize the changes performed on the probe so that the RGA can
till perform its basic functions of residua gas andys's, which are invaluable tools for
vacuum system diagnostics.

Repeller and anode grid modifications
The two 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
wire mesh (i.e. al crossing wires are welded to each other). Typical modifications, such
as punching holes or cutting dots, can be performed by skilled personnel without
compromising their shape. The replacements and modifications should obvioudy be
compatible with the operation of the rest of the quadrupole probe. Optimum performance
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of the quadrupole can only be achieved if the ions are injected in the form of a beam of
low energy (2 to 15 eV) and low divergence (i.e. close to and parallel to the axis of the
quadrupole). For example, it iswell established that the correct alignment of the anode
grid is criticd to the operation of RGA spectrometers. a misalignment as small as 0.010”
can result in decreased sengitivity, decreased resolution and peak shape deterioration (i.e.
peak splitting).

The alignment and symmetry of the repeller are not as critical as that 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 needs to be
directed through the anode grid without molecular scattering taking place at the repeller’s
wires.
The repeller serves severa 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 eectrons 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. Itincreases the ionization efficiency by folding the electron trgjectories 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
easly be removed to expose the quadrupole to ions from a SIMS or Laser ionization
experiment. All the measurement and scanning functions of the mass spectrometer are
still operationa when the filament is not installed or not emitting electrons As mentioned
previoudy, optimum performance of the quadrupole can only be achieved if the ions are
injected into the filter in the form of a beam of low energy (2 to 15 eV) and low
divergence (i.e. close to and pardld to the axis of the quadrupole).

Whenever possible, complete removal of the filament and the grids should be avoided so

that the residua gas analysis functions of the RGA are still available. For example, since
sarvice is not interrupted if a single filament burns out, it might be possible to keep one of
the sides of the filament intact instead of removing it completely.

RGA Cover Nipple Replacement
A stainless stedl tube covers the probe assembly with the exception of the ionizer. This
tube, referred to as the RGA Cover Nipple, contributes to the overall capacitance of the
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quadrupole 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’ sionizer 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 stedl type 304, and its overal length is 6.75” (including the two flanges.)

Some experiments require being able to insert the RGA’sionizer deep into the vacuum
chamber. When alarge insertion depth is required, the standard RGA Cover Nipple can
be replaced by a smple Shield Tube asillugtrated in Figure 10.

Shield tube (1.5" 0D, 1.537" 10
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Figure 10 RGA Probe with Shield Tube

In this example, the Shield tube consists of a 1.5” 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 must be gtrictly perpendicular (90° £0.2°) to the flange’ s face. The RGA’s
quadrupole assembly is attached to the small-flange side of the Adapter Flange so that the
tube completely covers the mass filter (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”.
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Chapter 4
RGA Electronics Control Unit

Thischapter 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.

lonizer
l—

Electronics Control
Unit (ECU}

Quadrupole Probe

Figure 1 Quadrupole Head Components

The ECU is adensely packed box of eectronics (3" x 4” x 9”) that connects directly to
the probe' s feedthru-flange and a'so to a host computer. It includes several regulated
power supplies, a built-in microprocessor, control firmware, and a standard RS232
communications port. It is powered by either an externa 24VDC (@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 st 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 aso 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 signals that are read by a built in A/D
converter. The microprocessor automatically compares those signal voltages against an
internal calibration and calculates the magnitude of the ion currents. The ion currents are
then averaged as needed, offset corrected and transmitted to the host computer over
RS232 for immediate display.

Severa built-in checks constantly monitor the operation of the probe and its operating
environment. For example, the filament emisson, and the eectron 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
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the filament, eectron multiplier, electronics system, probe and communications, and aert
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.

Frobe alignment hnles\
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High s Bt il 4

Hhlz unlk S ranad T
safbgn oL

Clearance -
holes
(& places)

e
14 I VRS RN SR
W Firgon, YHH|

T L

Internal cunnemnrs/
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 hole in the center provides access to 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 aignment 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

The rear 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) aso have afused Power Entry
Module with a built-in power switch.

/ Locking knob

R5z32 connector _ |
| — LEDs

Poweer connector — [~ Cooling fan

+24NTA 25 A

ket valts

ir 22t aubom atical b, Usez g line
vakage A

Faquency with in ranges at right.

Input Yolage

A0 28 VAT
Y

Inpat Fraquancy
47. &5 Hz

\ Built in power module®
*option 02

Figure 3 ECU Rear Panel

+24VDC@2.5A Connector
Use this connector to provide external power to the RGA. The ECU el 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
the “ECU- 24VDC power connector” diagram shown below.
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Rear Panel

g & 7 B

* & & @
5 & 0@
E 4 3 2 |

Pin #| Woltage
+24WDC
+24WDC
Ground
Ground
Eround
+24 WD
Ground
+24 WD
Eround

Lrn O R I I T oy Y N I I N

Figure 4 ECU 24 VDC Power Connector

RS232/DCE/28.8k Connector

LED’s

Use this connector to interface the RGA to a computer. 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 (usualy DTE) to the ECU. The communication
parameters are fixed at: 28,800 baud rate, 8 data bits, no parity, 2 stop bits.

Eight LED’s provide constant feedback on the operation of the RGA. The function of the
LED’sis described later in this chapter.

Locking Knobs

Use the two knobs to lock the ECU box in place at the end of the ECU ingtallation
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 externa 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 aert the
user of any detected errors. This section describes in detail the function of each LED.

Figure5 ECU LED’s

STATUS (Green) LED’s

Power: The Power LED is turned on whenever the RGA is successfully powered up.
When power is applied to the ECU, a firmware routine automatically checks the external
voltage level and turns on the Power LED if the voltage is within the acceptable range of
24 +/-2'VV DC. The same test 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 falls,
the red Error LED is turned on instead to indicate the problem.

Note: A check on the externa 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 a finite 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 aso activated during a Degas.
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The ElecMult LED is turned off during a Deges.

ElecMult: The ElecMult LED is turned on whenever the electron multiplier detector is
active (i.e. when afinite biasing voltage is applied across the electron multiplier).

Severad 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 is
smplified by an assortment of diagnostic commands built into the firmware, and fully
supported by the RGA Windows program.

Leak: The Leak LED isautomatically turned on whenever the filament heater is unable
to establish a requested emission current. The most common reason for this problem isa
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 Lesk
LED’s are turned on to indicate the problem.

Important: The Leak LED will aso 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 is turned on whenever the ECU fails to detect afilament. A burnt
or missing filament are possible sources for this problem. The Error LED isaso turned on
to clearly signd the presence of afilament error.
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Electrometer

Detection limit vs. scan rate
A unique, temperature-compensated, logarithmic 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 equd to the logarithm of theion
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 its input 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 132107 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 the intrinsic logarithmic 1-V behavior of the
electrometer, a digital logarithmic interpolation algorithm calculates the currents
from the calibration curve.

The |-V response of the electrometer can be recalibrated at any time through a single
command (CL) supported by the RGA Windows software (Auto Cdibrate 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 electrometer with extra
current from a microprocessor-controlled current source. The biasing current is added to
theion current and sets the gain and bandwidth of the electrometer during measurements.
An increase in the biasing current results in 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 agorithm described above, and
subtracts the biasing current from the total to provide the actual ion current values used
for averaging. Obvioudy, 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 basdlines and lower detection limits. As
mentioned above, the NF parameter value must be chosen keeping in mind the
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compromise between detection limit and acquisition speed.

When using the RGA Windows program to operate the RGA, the Scan Speed parameter
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

(& The valuesin this column are the result of averaging a large 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 the ion detector is automatically readjusted at the beginning of each analog
and histogram scan so that the basdline is aways centered around zero. The zero can also
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) is
then 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, al 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 eectronics 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 interna cdibration
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 V pp/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 mass filter is the same for all models and is fixed at
2.7648 MHz by an interna 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 a fixed frequency.

Important: The RGA Cover Nipple (i.e. stainless stedl tube) that encloses the quadrupole
filter assembly contributes to the overall capacitance of the rod assembly, and should not
be removed from the probe unlessiit 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

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

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

Do not ingtal any substitute parts.

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 to the
RGA On-Line Help files provided with the program disks. The RGA help system includes
current and detailed description of all the features, procedures, and commands available in the

program.

In This Chapter
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Overview

Program Structure
The RGA program is afully interactive Windows program capable of managing severa
RGA Heads smultaneoudy. 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.

RGA was designed to handle data acquisition from multiple heads simultaneously by
assigning one head for each window and by making al the windows independent from
each other. Each window can be thought of as a separate RGA Head control & display
file. Thisfile, called an RGA file, stores dl 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 al times.
Y ou could, for example, open afile just to browse through a few dozen scans that were
done overnight. Y ou can aso copy the graph to the clipboard so you can paste it into a
word 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 data analysis. 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 all 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 all 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 .hst .tbl)

RGA scan log files are binary files that contain mostly raw data from multiple scans
acquired over aperiod of time. These files do not have any of the RGA file setup
parameters in them in 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.

RGA ASCII Data files (.asc)
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
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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 aso save the active graph as a Windows Metafile. Windows Metefiles 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.
If you choose to scan at the fastest speed and want the RGA program to "keep up" with
the head, then a faster compuiter, i/o card, and graphics card might be required.

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

IBM compatible 486 CPU machine at 66 MHz with 8 Mbytes of RAM
Mouse or equivaent pointing device
Seria port (16550 UART is recommended) and DB-9 to DB-9 RS232 cable

5 Mbytes of free hard disk spaces (for RGA installation and runtime use) and
1.44Mbyte 3.5in floppy drive (for the ingtallation disks)

Super VGA graphics card running in 800x600, 256 color mode
A sound card if the audio features are needed

Microsoft Windows version 3.1 or later
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Getting Started

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

Note:

For detailed information and command description of the RGA program pleaserefer to the
RGA On-Line Help 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.

Starting the RGA Software
To start the RGA software simply double-click on the RGA iconin the "SRS RGA™
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 same time. If you attempt to start another
copy of RGA whileit is dready 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 a fulll
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.
3. Turn On the SRS RGA Head.

4. Start MS Windows and the RGA Program.

5. Sdect RS232 Setup from the Utilities menu.

6. Select the port to which the RGA head is connected.

7. Pressthe Connect button.

The connection is made when the dialog box disappears, 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. Stop the scan if thereis one in progress using the Stop Now command in the Scan
menul.

2. Turn off the filament using the Filament On command in the Head menu.

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.
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Features and Operation

Note:

For detailed information and command description of the RGA program please refer to the
RGA On-Line Help files provided with the program disks. The RGA help system includes a
detailed description of all the features, procedures and 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 a head at all times. It
can be used to print graphs or to review some old scan logs. Y ou may size, tile, minimize,
or cascade several RGA windows together even while scanning.
When an RGA window is sized, dl the graph objectsin it are dso 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 severa SRS RGA Heads smultaneously. 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 RS232 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 aong with split modes that consist of
combinations of these modes.
Following are the seven distinct modes:

Analog (Mode Menu)

Analog mode is the spectrum analysis mode common to al Residual Gas Andyzers. The
X-Axis represents the mass range chosen in the Mass Spec Parameters menu. The Y -
AXis represents the ion current amplitudes of every mass increment measured.

Select the Schedule menu to set the scan trigger timing. Once the scan isin progress, the
AutoScale 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 adata 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 Parameters dialog box (Scan menu). This
valueis used to determine the mass increments between data points. The time to acquire
each partia pressure depends on the scan speed selected (the plotting speed depends on
the user's computer).
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Histogram (Mode Menu)

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 culates one
amplitude per mass. This peak is then plotted as a bar at the appropriate mass. The X-
AXis represents the mass range chosen in the Mass Spec Parameters menu. The Y-Axis
represents the ion current amplitudes of every mass measured. A mass index indicator is
located at the left of the X-Axis. The index displays the massthat is currently being
updated (assuming alive scan isin progress).

Use the Schedule command from the Scan menu 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 points it then sends the
maximum value to the RGA program. This results in one point per mass being plotted as a
bar graph. The time 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 Table
Parameters command (Scan menu).

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 darm 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 is the channel
number) button for the appropriate table entry in the Table Parameters dialog box.

Select the Schedule command (Scan menu) 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.

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 querying the partial pressurefor the appropriate mass. This
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isdonefor all the selected masses using the present scan schedule as a
trigger. 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. No
individual mass query isperformed. If a Table massliesoutsidethe
Analog or Histogram massrange, itspartial pressure will show a zero
value with the alarm indicating the appropriate zero value warning. A
table entry can be easily disabled using the Table Parameters dialog box.

P vs T (Mode Menu)

Pressure versus Time mode is a scroll graph of up to ten gas masses in the same plot.
The graph scrolls to the left as the data fills the screen and the old datais saved in a
history buffer for review at any time. The gas masses, names, and parameters can be set
using the Table Parameters command from the Scan menu.

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 this mode is split with Table mode, the result is awedlth of
information on the selected gases behavior. The Schedule command (Scan menu) may be
used to set the scan trigger timing and frequency. The Pvs T Traces may be edited by
either double clicking on them directly, or by selecting the Traces menu.

The Time Axis Bar may be used to zoom, scroll, and view al the data in the history
buffers. Whilein this history mode, the RGA can till 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 P vs T scan will vary depending on the display mode
selected:

In PvsT mode or Table mode split with P vs T mode, each table entry
value (partial pressure) isacquired directly from the RGA head by
individually querying the partial pressure for the appropriate mass. This
isdonefor all the selected masses using the present scan schedule as a
trigger.

In P vsT mode split with Analog or Histogram mode, the P vs T entry
values are extracted from the Analog or Histogram spectrum. No
individual mass query isperformed. If aP vsT massliesoutsidethe
Analog or Histogram massrange, itspartial pressure will show a zero
value. A table entry can be easily disabled using the Table Parameters
dialog box.
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Leak Test (Mode Menu)

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 partia pressure readout, a bar meter, and an Alarm message. An Audible
beep with a pitch proportiona to the partia pressure is adso available if a sound 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 Leak Test
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 al data
objects. The Schedule command (Scan menu) may be used to set the scan trigger

frequency.

In Leak Test mode, the partia 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 visualy monitor gas warning levels from
adistance. The graph is composed of large green panels each representing a gas and
darm level. The partia pressure valueis clearly visible and so is the gas name. When an
Alarm level is reached, the panel color changes to bright red and the appropriate alarm
message is 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
Channd Electron Multiplier (CEM) while others can have different scan speed with the
CEM off.

The darm control and leve 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 isthe
channel number) button for the annunciator channel in the Table Parameters dialog box.
The Schedule command (Scan menu) 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,

alarm parameters, and graph trace colors.

In Annunciator mode each channd value (partia pressure) is acquired directly from the
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RGA head by individualy querying the partia pressure for the appropriate mass. Thisis
done for all the selected masses using the present scan schedule as a trigger.

Library (Mode Menu)

Library mode displays the selected library gas fragment patterns in 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 my be changed by either double clicking on the bars
directly or by using the Traces command (Graph menu).

The library scan parameters (displayed mass range) may be changed using the Library
Parameters command in the Scan menu.

Data Acquisition
The terms Data Acquisition and Scanning are used interchangesbly in the SRS RGA
documentation. A scan implies that 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, Seria ports etc.

The main procedure for establishing a live scan is outlined below:
1. Turn onthe SRS RGA Head.
2. Establish a connection between the RGA program and Head (Utilities menu).
3. Sdect the desired display mode (Mode Menu).
4. Turn On the Filament (Head menu or Filament button).
5. Select the desired scan parameters (Scan menu).
6. Select the desired trigger rate (Scan menu).
7. Select the Start scan command (Scan menu or Start button).
Scan Data Logging
Scan Data logging (or scan logging ) is used for saving raw scan data to disk without the
overhead that comes with saving an RGA Head file.
Scan logging continuoudly saves scan data along with the time and date, with only the

essentia 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
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the View menu.

Scan logging is implemented for display modes with no time axis. To save the datafor the
modes with time axis, smply select the Save command from the File menu. This
command will save al the history data that has been accumulated sincethe Pvs T or
Leak Test scan began.

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 a point and click device
such as a mouse or track ball.

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
graphs in 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 loca 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 dl 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, 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
sengitivity 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.

Saving RGA files does not save any of the head parameters to that file since each RGA
Head has unique parameters due to minor variations in electronic and physical properties.
Head parameters cannot be changed unless an SRS RGA Head is connected and turned
on.
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Sensitivity Factors
The RGA Head uses two senditivity factors stored in its non-volatile memory. The
sengitivity factors, one for total pressure and one for partia pressure, are used as
conversion factors between the ion currents received form the head and the pressure
units selected by the user.

The sengtivity factors can be changed using the Sensitivity Tuning command in the Head
menu. In order to set these factors, you need a reference 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 this option is enabled RGA lets you enter much higher pressure vaues.

Spectrum Analysis
Mass spectrum analysis takes you one step beyond visua analysis and Library lookup
tables. RGA looks at the spectrum from 1 to 50 amu and uses a matrix inversion
technique to anayze the composition of the resdua gas and approximeate its composition.
Note that Analysis mode requires a minimum sapn 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 basdline after the background data
gets subtracted from newly acquired scans. This utility is available 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 vs T modes, only the last acquired partial
pressur e of each mass get used as a background data. When a Tableor PvsT
mode is split with Analog or Histogram mode AND background is enabled, the
datain theTableor PvsT graph is extracted from the Analog or Histogram
graph and NOT subtracted form its own previous data.

SRS Residual Gas Analyzer



5-14 RGA Head and Scan Parameters

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 tothe
RGA On-Line Help files provided with the program disks. The RGA help system includes a
detailed description of all the features, procedures and commands available in the program.

Changing Scanning Parameters
Every display mode has scan parameters that are used to setup the display and to acquire
data form the RGA head. Some modes such asthe P vs T, Table, and Annunciator
modes share the same scan parameters. For example, if a scan parameter is changed in
table mode, this change will be reflected in the Pvs T and annunciator mode when that
mode is 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. Sdect the desired display mode from the Mode menu.

2. Select the desired scan parameters command for the active display 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 aso.

Note:

Changing scan parameterswill result in loss of all displayed data on the screen.
Use the 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 RS232 Setup from the Utilities menu.

2. Sdect anitem from the Head menu.
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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 a graph with atime axis is active, only timer triggered schedule is alowed.

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

If asdected trigger period is smaller than the actual period of the scan, RGA will
change the trigger period to the minimum vaue.

To change the scan schedule for a mode do the following:
1. Connect to an RGA Head.

2. Sdect the desired display mode.

3. Sdect the Schedule command from the Scan menu.
4. Select the trigger mode or rate you want.

IMPORTANT:

Since Windows can be running one of many applications at once, it is possible for the
RGA program to miss a scan trigger while other gpplications are busy performing other
tasks such as printing or file copying. These facts should be taken into account if
optimum performance is desired when using Timer Triggered modes and display modes
that use atime axis.
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Display Modes

Note:

For detailed information and command description of the RGA program please refer to the

RGA On-Line Help files provided with the program disks. The RGA help system includes
detailed description of all the features, procedures and commands available in the program.

Changing Display Modes
A display mode presents the user with a specific way to analyze the RGA data acquired.
The RGA program has severa display modes including a combination of those modes
(split modes).

To change the present display mode to any other mode do the following:
1. Stop the scan if oneisin progress.

2. Sdect the desired display from the Mode menu or click on one of the mode buttons in
the Toolbar.

Note:

Changing display modes will result in loss of all displayed data on the screen.
Use the File menu to save the data in one of the formats available before
changing display modes.

Running in Split Display Mode
Running in split display mode allows you to view scan data in two different formats or to

scan two different sections of the mass spectrum with different scan parameter settings.
Thefollowing isalist of dl the split display modes available:

Analog split with: Analog, Table, Pvs T, and Library
Histogram split with: Histogram, Table, PvsT, and Library
Table split with : Analog, Histogram, Pvs T, and Library
PvsT split with : Analog, Histogram, Table, and Library

Y ou cannot split with Leak or Annunciator modes
To split agraph do the following:

1. Make sureyou are running in any of the Analog, Histogram, Table, or Pvs T single
graph modes.

2. Select any of the enabled graph modes from the Split Submenu of the Mode menu

Manual Scaling of Graphs
Manua scaling applies only to graphs with Y-Axis.
To manually scale a graph do the following:
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1. Sdect the Y-Axis by double-clicking on it or selecting Y -Axis form the Graph menu.
2. Enter the new desired limits for the axisin the From and To parameters.

3. Sdect OK.

Using Scan Data as Background
This mode is helpful in providing the user with a clean baseline after the background data
gets subtracted from newly acquired scans. This utility is available in Analog mode,
Histogram mode, Table mode, and P vs T mode.
To Enable the Background mode make sure the graph has vaid data and the RGA head is
connected. In Analog 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 (if in
continuous scan mode) to guarantee this condition.

To Enable the Background:

1. If ascanisin progress, issue the Stop at End command from the Scan menu.
2. Sdect the Background command from the Utilities menu.

3. Click on the Enable Background Mode check box to enable this mode.

4. Select the desired data subtraction mode.

5. Press OK.

The data gets cleared and the next scan will be the result of subtraction selected.
To Disable the Background:

1. Sdect the Background command from the Utilities menu.

2. Click on the Enable Background Mode check box to disable this utility.

3. PressOK.

When the background mode is disabled, the old background data reappears on the screen.
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General Utilities

Note:

For detailed information and command description of the RGA program please refer to the
RGA On-Line Help files provided with the program disks. The RGA help system includes a
detailed description of all the features, procedures and commands available in the program.

Using the Data Cursors
Cursor command
The cursor command is enabled in Anaog and Histogram modes. This mode alows you
to display the value of individual masses by moving around the data cursor to the point of
interest on the graph. The X and Y values are automatically updated and displayed in the
status bar of the main RGA application window. Y ou may move the data cursor by either
left-clicking on a point in the graph or by dragging the mouse with the left button pressed
down. The Y-vaue displayed in Analog mode is the maximum absolute value found
within 0.5 amu of the mouse position.

Cursor Properties command

Y ou may change the cursor properties such as color, line width, and line style using this
command.

Scheduled Saving of Data
Logging Scans
Scan logging is disabled every time a scan parameter is changed. Thisisto prevent
unwanted data storage after a change in scan setup. All scansin a scan log file share the
same parameters.

To log scans to disk do the following:

1. Establish a connection between the RGA program and Head.

2. Sdect adisplay mode that supports scan logging (a mode with no time axis).

3. Enable Scan Logging from the File menu.

4. Start the scan using Start scan from the Scan menu.

To disable scan logging, use the scan logging diaog box again.

Viewing Scans

To view ascan log, the active RGA display mode must be the same type of display mode
that was used to log that scan.

To view the stored scans on disk do the following:

1. Seect the Open Scan Logs from the File menu.
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2. Select the desired scan log file (it must be the same type of scan as the currently
active one).

3. Usethe Next Item or Previous Item from the View menu to view the sequentia logs
(The time and date of the scan appears on each log).

Browsing Through the Gas Library
Library Browsing Description
There are several ways to browse through the gas library depending on the display mode
and whether the Library Search uitility is active. The Library display mode and search
utility are linked together to provide an intuitive interface to locate and view any gasin the
library file.

Library Display mode only:
1. Activate the Library mode by selecting the Library command from the Mode menu.

2. Usethe Next Item and Previous Item in the View menu to plot the next and previous
gasesin the list (you may also use the left and right arrow keys).

Library Search utility only:
You may start this utility from any display mode

1. Start the search utility by selecting the Library Search command from the Utilities
menu.

2. Pressthe Show All button to list al available gases.

3. Usethe scroll bar, and/or the keyboard to search the list or use the Search Masses
section to look for specific gases.

Library Display mode AND Search Utility:
The combination of these two modes provides a very quick way to look for gases.

1. Make sure both the Library mode and the Library Search utility are active (see
procedure above).

2. If you want to plot a gas, double click on its name in the Search utility dialog box or
click on it once (to highlight it) and press the plot button. The gas fragment pattern
will then appear as a histogram in the Library display.

Analyzing the Mass Spectrum
Spectrum Analysis description
This utility provides the user with immediate analysis of residua gas based on a complete
histogram or analog scan. Using a matrix inversion technique, the composition of the
residua gasis anayzed and the best gpproximation to its composition is given in either
pressure units or percentages. The user can enable up to 12 common gases for anaysis.

Note:
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Analysis mode is only available in Analog mode or Histogram mode. The mass range
must be at least from 1 to 50 amu.

Analysis Procedure
Make sure the RGA window isin either Analog mode or Histogram mode and connected
to an RGA head. Set the scan range to be from 1 amu to at least 50 amu.

1. Sdect the Andyze command from the Utilities menu to bring up the Spectrum
Analysis diaog box. You may place the dialog box anywhere on the screen.

2. Pressthe Setup button if you need to change the gas selection or the anaysis units.

3. Sdect the Start command form the Scan menu (if not aready scanning) to begin a
scan.

4. When the scan is complete (the stop mass is reached) the analysis results will be
displayed in the Spectrum Analysis didog box. The analysis will be repeated every
time the scan reaches the stop mass.

Note:
Y ou may enable or disable the analysis procedure even while the RGA Head is
performing a scan.

Pressure Reduction
If you purchased a pressure reduction system from SRS this feature alows you to display
true pressure values using the pressure reduction factor that corresponds to your system.
If pressure reduction is enabled, al pressure readings are multiplied by the pressure
reduction factor before they are displayed.

IMPORTANT: Entering the wrong pressure reduction factor will result in erroneous
measurements being displayed.
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Head Calibration and Security

Note:

For detailed information and command description of the RGA program please refer to the
RGA On-Line Help 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.
Tuning the RGA Sensitivity

WARNING!
The sensitivity tuning procedur e should be performed by qualified personnel
only. A mistuned RGA Head could give erroneous readings until it isretuned

properly.

Pleaserefer to the RGA Tuning Chapter for more information about tuning and
calibration.

While performing the tuning procedur e the total pressurein the vacuum
chamber should be around 10E-6 Torr.

In order to set the sensitivity factors of the RGA Head you must have a reference
pressure gauge installed on your vacuum system. There are two sensitivity factors, one
for total pressure and one for partia pressure. Both factors are stored in non-volatile
memory in the RGA Head.

To tune the sengitivity factors do the following:
Make sure you are connected to the head.

1. Sdect the Sensitivity Tuning command from the Head menu.

2. Sdect which sengtivity factor you would like to adjust from the Measurement Mode
section (Partial or Tota).

3. If you selected Partial Pressure then enter the mass whose pressure you will be
measuring in the Mass Selection edit box.

4. Enter the pressure indicated by your pressure gauge in the Reference Pressure
Reading.

5. Pressthe Measure button.

6. Press Accept to start using the new factor(s) or Undo to revert back to the old
one(s).
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Adjusting the CEM Gain
The CEM gain may be set to any desired value between 10 and 1,000,000.
The RGA program will automatically search the required high voltage for such again if
the Adjust button is pressed.

All data acquired while the CEM is ON gets divided by the gain automatically beforeit is
displayed.

To change the CEM Gain do the following:
1. Connect to an RGA Head with a CEM option (Utilities menu).
2. Sdect the Channe Electron Multiplier command form the Head menu.

3. Select the Pressure Measurement Mode and the Partial Pressure Mass (if partial
pressure is selected).

4. Enter the desired gain in the Gain edit box.
5. Pressthe Adjust button and wait for the procedure to finish.

6. PressOK.

Peak Tuning the RGA Head
WARNING!
The peak tuning procedure should be performed by qualified personnel only. A
mistuned RGA Head could give erroneous readings.

Please refer to the RGA Tuning chapter of thismanual for mor e infor mation
about tuning and calibration.

All the variables displayed are initially read from the SRS RGA Head when the dialog box
is activated. When you are done with this procedure, the new parameters are stored in
non-volatile memory in the RGA Head.

Activating this dialog box automaticaly puts the display mode in Dua Analog mode. The
span is set to 10 amu with the two peak tuning gas masses set in the middle of each span.
If you press Scan and you have sufficient gas amounts of each peak tuning gas, you
should see the two peaks on the graphs. Use these pesk for width and position
adjustments.

Every time you make a change to any of the parameters, press the Scan button to see the
effect of the change on the graph. Use the graph scaling command AutoScale to scale the
data.

The peak tuning procedure must be performed in the order described below. Y ou may
repest the entire procedure as needed until you are satisfied with the results.
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To tune the RGA Head pesks do the following:

1

7.

8.

Select the two gases you are going to use for peak tuning. Use the Gas Selection
command (Head Menu)to enter the gas names and masses.

Press Scan to see where the peaks are positioned. Rescale the graph as needed so
you can see the gas peaks.

Enter a Position Shift value for the Low Mass Peak if the peak does not fall exactly
at itsrequired mass. Press Scan. Repest this step as needed until the peak is at the
correct mass.

Repeat step 3 for the High Mass Peak Position
Iterate between steps 3 and 4 as needed

Enter a Width Adjust value for the Low Mass Peak (if needed ) and press scan (The
full width of the mass peak at 10% of its maximum should be less than or equd to 1
amu).

Repeat step 6 for the High Mass Peak Width

Iterate between steps 7 and 8 as needed

When you are done you may:

Press Done if you are satisfied with the results, or
PressUndo ALL to revert to the initial settings, or

Press Factory Settings to recall factory set values.

Securing the RGA Head
Use this feature in an environment where you would like to restrict access to the head
parameters. When the RGA Head is locked, you cannot perform certain parameter
editing procedures such as Pesk Tuning, Sensitivity Tuning, and lonizer parameter editing.
The encrypted password is stored in the rga.ini file in the Windows directory.

To lock the head parameters do the following:

1

2.

3.

4.

Select the Lock Head Parameters command form the Head menu or click on the
Lock button in the main Toolbar.

Enter an aphanumeric password. The password is case sensitive.
Confirm the password exactly as entered above.

Press Lock.

To Unlock the head parameters do the following:
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1 Sdect the Lock Head Parameters command form the Head menu or click on the
Lock button in the main Toolbar.

2. Enter you password.

3. Press Unlock.
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RGA On-line Help

The RGA Help system contains detailed information on the operation of the program that is not contained
inthismanua. Usethe On-Line Help to get up to date detailed information on the RGA Windows
program. The following sections describe the different ways to use the RGA Help system.

Context Sensitive Help
Context Sengitive Help provides a quick and direct way to display information on a

specific topic. Click on the Help cursor button . and then select the button or menu
whose help topic you wish to view.

Help Search
Y ou may search the RGA Help system for any topic or keyword. Once you have the
RGA Help system window open, select the search command and enter any keyword to
display that topic.

Help Index
Displays a comprehensive index to information contained in the RGA Help system.

To see the entries for atopic, click the first letter of the word you want to look up, or
press TAB to select the letter and then press ENTER. Click on any entry highlighted in
green and the topic for that entry is displayed automatically.

Commonly Asked Questions
A Q&A help files has been included with the RGA program. This file includes the most
commonly asked questions about the SRS RGA system. Double click on the RGA Q& A
Help Icon to view thisfile.

Sample Scans
The RGA Windows program includes several samples scan files that demonstrate some
of the SRS RGA capahilities. The scan files are located in Scans subdirectory of the
main RGA program directory. Double click on the Sample Scans Help Icon to view the
description of the each scan file.
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Programming the RGA Head

Thischapter describes how to program the RGA Head from a host computer usng the RGA
Command Set and an RS232 Link.

In This Chapter
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Introduction

The RGA comes standard with an RS232 communications port. A host computer
interfaced to the RGA can easily configure, calibrate, diagnose and operate the
quadrupole mass spectrometer using ASCII commands. The RGA head executes the
commands in the order received and, when information is requested, data is quickly
returned to the computer for analysis and display.

The fast exchange of data between the host computer and the RGA provides dynamic
information about the status of a vacuum process or system. This Command Set
facilitates integration of al the RGA functions into any processing or diagnostic program.

The RGA COM Utility

Intoduction
Note: If you are going to use the RGA Windows program you do not need to use this
utility.

The RGA Com Utility is a smple Windows™ OS communication program that alows you
to communicate with the RGA Head directly by typing vaid RGA commands on your
keyboard. The program functions like any common terminal program where the typed
characters are sent directly to the serial communications port and any received characters
are displayed immediately on the screen.

The RS-232 communication parameters of RGA Com are fixed to be compatible with the
SRS RGA Head. The only variable that may be selected is the communications port. A
list of up to nine com portsis available to connect to the RGA Head.

RGA Com Fixed parameters:

28.8k Baud rate

8 Data bits

No Parity

2 Stop Bits
Communicating with a Head

To connect to an SRS RGA Head do the following:

Start the RGA Com program.
Select the “ Select Com Port...” command from the “COM port Setup” menu.
Select the Com port you want (usually COM2) from the list box and press OK.
Select the “Connect” command from the “COM port Setup” menu.
Begin typing commands, press “Enter” after each command to vaidate it.

a ~ WD P
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6. When you are done select the “Disconnect” command and exit the program
Tip
When you first connect to the head (step 5 above), send the ID? command to verify

the connection with the RGA Head. This command will return the Model number,
Seria number , and firmware version of the RGA Unit you are connected to.

Important

If you make typing error the RGA’s Error LED will blink. Press*Enter” and retype
the command, the Backspace character is not processed.

When you are done using RGA Com you must disconnect the COM port or exit the
program, otherwise no other Windows program can communicate with the open
COM port.
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RS232 Interface

The RS232 interface connector of the RGA is a standard 9 pin, type D, female connector
configured as a DCE (transmit on pin 3, receive on pin 2) with full RTSICTS
handshaking enabled. The CTS signd (pin 8) is an output indicating that the RGA is
ready, while the RTS signd (pin 7) is an input that is used by the host computer to control
the RGA’s data transmission.

The communication parameters arefixed at: 28,800 baud rate, 8 databits, no
parity, 2 stop bits.

Cable connection: Use a straight through RS232 cable with 9-pin, type D connectors to

connect the computer (usually DTE) to the ECU. The DB9 to DB25 adapter (provided
with the unit) will be needed if the computer has a 25 pin Type D connector.

Important: If you use your own RS232 cable check the connectors to make sure al the
necessary handshaking lines are connected correctly.

LED Indicators

To assist in programming, the RGA has two status LED’ s on the rear panel of the ECU
box.

RS232 LED: RS232 Activity indicator that flashes whenever a character is received or
transmitted over RS232.

Error LED: The Error LED flashes on/off a couple times when an error, such as an
illegal command or parameter, has been detected.

SRS Residual Gas Analyzer



Command Syntax  6-7

Command Syntax

The RGA commands are ASCII character strings consisting of atwo letter (case
insengitive) command name, a parameter, and acarriagereturn terminator.

Note: The carriage return character, decima ASCII value=13, is represented throughout
this manua with the symbol <CR>. All command strings must be terminated with this
character in order to be acknowledged by the RGA.

Vdid parameters are:

Numbers: Numbers are the most common type of parameter used to program the RGA.
Number parameters must be within a command-specific range and must not conflict with
any pre-existing parameter values of the head. Only Decimal format is accepted. The
fractional parts are truncated to four decimal places before being stored in memory. The
'+' ggnis optiond for positive numbers. A zero in front of the period is optiond in
fractional numbers with magnitude less than one.

Asterisk «* (default): A single asterisk indicates that the default parameter value
(stored in the RGA head's permanent memory) is to be used for command execution.
The asterisk must be gtrictly followed by a <CR>.

Question mark “?” (Query): Query commands are used to read error bytes, to
measure total pressure and to confirm internal parameter values. The question mark must
be gtrictly followed by a <CR> terminator. With afew exceptions, the data returned by
most query commands is a string of ASCII characters terminated by a linefeed (<LF>,

decimal ASCII value=10) and a <CR> terminator: string<LF><CR>.

No parameter: Some commands do not require a parameter.

The RGA assumes a potential command-string has been received over RS232 when a
<CR> character is detected in the seria interface. A command handler immediately
analyzes the string, and if everything checks, the command is executed. However, if a
problem is encountered a communication error is reported and no command execution
takes place.

The RGA has a 140 character input buffer and processes commands in the order
received. If the buffer fills up, the RGA will hold off handshaking on the RS232 interface
using the CTSline. Smilarly, the RGA has a 32,000 character output buffer to store
outputs until the host computer is ready to receive. If either buffer overflows, the buffer is
cleared and the error isreported. Linefeed characters (<LF>, decima ASCII value=10)
and single carriage returns (<CR>, decima ASCII value=13)) are ignored by the serid
interface.

Examples of command formats
The following list of commands activates the ionizer and triggers a single analog scan
from 1 to 100 amu at the default scan rate setting. Note that each one of the command
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character strings must be strictly followed by a <CR> character in order to be detected
by the RGA’s command handler.

ID? RGA Identification Query.

MI1 Set initid scan massto 1 amu.

MF100 Set final scan mass to 100 amu.

FL1.0 Turn on the filament to a 1.0 mA emission current.

NF* Use default noise floor setting. (sets scan rate and averaging.)
AP? Query the number of scan points to be received by the computer.
C1 Trigger asingle analog scan.

Programming tips

- Whenever possible, immediately follow a command that sets a parameter value with
one that queries the parameter setting in the RGA memory. For example, the second
command in the list above should be followed by a MI?, and a number 1 should be
echoed by the RGA.

Whenever practical, check for errors at the end of command execution to make sure
“everything went well”.

Even though the RGA head can store multiple commands in its receive buffer, it is
highly recommended that the host computer wait for the response of a query before a
new command (especialy a new query) is transmitted to the RGA. This simplifiesthe
communications and aso eiminates buffer overwrites.

Commands that involve hardware control (such as turning the filament or the CDEM
on) trigger diagnostic checks on the hardware as they are executed. Since the
command execution time can be rather long, the RGA prompts the end of execution
by sending back the vaue of the STATUS byte to the computer. Always check the
value of the STATUS Byte returned for possible errors. In cases where a hardware
error is reported retry the command one more time before declaring a hardware
problem.

With the exception of the ion current values, the output of the RGA are ASCII
character strings terminated by a <L F><CR> terminator. lon signals are represented
asintegersin units of 10° Amps, and transmitted directly in hex format (four byte
integers, 2's complement format, Least Significant Byte first) for maximum data
throughput.
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Communication Errors

Communication errors are signaled to the user flashing the Error LED afew times, setting
Bit O of the STATUS error byte and setting the error-specific bits of the RS232_ERR
error byte .

Many different circumstances can result in a communication error being reported after a
command string is received by the RGA. Some problems are detected early by the
command handler and result in the command never being executed. Other errors are
found later, during the actual command execution, and they result in the execution being
immediately halted.

Thefollowing isalist of the communication errors that might be encountered during the
analysis and execution of a command, including the specific ways in which they are
reported:

Command errors

Bad Command Name : The first two characters in a command string must be |etters
(case insenditive) and must be part of the Command Set, otherwise the Error LED is
flashed, Bit 0 of RS232 ERR and Bit 0 of STATUS are set, and ho command is
executed.

Command-too-long error : 14 characters are received over RS232 without a <CR>
ever being detected. The Receive buffer is flushed, Bit 2 of RS232_ERR and Bit O of
STATUS are set, and no command is executed. Note that the LED is not flashed for
thiserror (only exception to therule!).

Parameter errors
Bad-Parameter error: Many different possibilities |lead to a bad-parameter error.
- The number parameter is out of the command's acceptable range.
- A "7 isnot grictly followed by <CR> in a Query command.
- A “*” isnot grictly followed by <CR> in a Default command.
- A non-zero fractional part isfound in a parameter that can only be an integer.
- No parameter is found in a command that strictly requires one.
- A parameter other than a“?’ isfound in a Query-only command.
- A default parameter value is used with a command that does not have one
defined.

All Bad-Parameter errors are reported flashing the Error LED, and setting Bit 1 of
RS232_ERR and Bit 0 of STATUS. No command is executed.

Parameter-conflict error: When the parameter is in conflict with some other related
parameter value which pre-existed in the RGA head, the Error LED isflashed, Bit 6 of
RS232 ERR and Bit 0 of STATUS are set and the command is hot executed.

Jumper Protection violation
Some cdibration related commands are subject to jumper protection. Jumper JP100 on the
digita (i.e. top) board of the RGA electronics box can be used to enable/disable some of
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the tuning features of the instrument. The jumper setting is checked before the command
is executed and if calibration is disabled, the Error LED is flashed, Bit 5 of RS232_ ERR
and Bit 0 of STATUS are set, and the command is not executed. The jumper setting
provides very solid protection against inadvertently tampering with important calibration
parameters stored in the RGA’s memory. Please refer to the “RGA Command Set” list to
find out which calibration commands are jumper protected.
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Troubleshooting the RGA communications

The RGA’s communication interface includes a complete set of tools for troubleshooting
communications between a host computer and the spectrometer’ s head during
programming:

1. Visual Clue
The firgt clue of acommunication error can be obtained watching the Error LED while
communicating with the head.

The ERROR_LED isflashed on/off two times every time a communication error is
detected.

2. Error Queries

The presence of a communication error can also be detected queering the contents of the
STATUS bytein the RGA head. The query command ER? returns the value of the
STATUS Byte for analysis, and a communication error is present if Bit O of STATUS s
found set. The specific problem is determined querying the bits of RS232_ERR byte
using the EC? which clears the RS232_ERR byte and Bit 0 of STATUS at the end of its
execution to provide a clean error-reporting date.

Communication errors accumulate in the RS232_ERR byte as they occur and the byte
can only be cleared by reading it with the EC? command.

Note: Please refer to the “Error Byte Definitions’ section of this chapter for a complete
listing of the error and status bytes of the RGA. Also consult the “Error Reporting
Commands’ ligt for details on the EC and ER commands.
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Programming the RGA Head

This section describes the basic programming steps needed to configure, operate, and
diagnose the RGA. The emphasisis on general program implementation without going into
specific details on the different commands that are mentioned.

Please consult the “RGA Command Set” section of this chapter to get more detailed
information on the RGA commands and their implementation.

Initializing the RGA Head
The RGA Head is ready to communicate a few seconds after it is turned on and al the
built-in internal checking is performed. The Initialization commands are commonly used
to test the quality of the RS232 interface, to reset the RGA’s communication buffers, to
scan the hardware for problems, and to reset the unit to its default (factory preferred)
parameter settings.

Initializing the RGA communications

The two commands most often used after connecting to the head are:
ID?  ldentification Query. Echoesthe RGA's ID string.

INO  Clear communication buffers. Echoes the STATUS Byte.

The ID? command is used to test the RS232 interface: The ID String, stored in the RGA
Head, is returned to the computer and the integrity of the RS232 link is assured once the
character string is received. The ID string aso contains useful information such as mode
and seria number of the RGA head.

The INO command clears al the RGA’s RS232 buffers, runs a fresh set of tests on the
ECU’ s hardware and sends back the STATUS Byte. Check the value of the STATUS
byte for potential errors.

Programming tips

Use the INO command every time there seems to be problems with the RS232
communications. The following procedure is recommended in those cases:

Reset the buffers in the computer.

Send a few carriage returnsto clear the RGA'’ s receive buffer.
Send the INO command to reinitialize the RGA’s buffers.

Wait for the STATUS error byte to come back.

Test STATUS for possible errors.

a ~ w DN P

Thistrick is very useful to reset communications on both ends and is often
implemented as a menu item.

The ID? command is used for avariety of purposes.
-Make sure the RGA is powered up and ready to go.
-Check the quality of the serial connection to the host computer.
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-Check the user’s communication software to make sure it is communicating properly
with the RGA.
-Check the seria numbers of the RGA heads connected to the computer's serial

ports.

Programming the lonizer
Positive ions are produced in the ionizer by bombarding residua gas molecules with
electrons derived from a heated filament. The operational parameters that affect the
efficiency of theionizer are: electron energy, ion energy, electron emission current, and
focusing voltage. The lonizer Control Commands program al the ionizer voltages, turn
the filament on/off, and Degas the ionizer. The STATUS byte is transmitted at the end of
their execution.

Important: Remember that the Repeller grid and the focus plate are only biased while
the filament is emitting electrons.

Setting the ionizer parameters

The following list of commands will set the electron energy to 70 eV, ion energy to high
(12eV), focus voltage to -100V and it will then turn the filament on with an emission
current setting of 1.0 mA. It isatypica example of the set of commands sent to the RGA
while programming the ionizer.

EE70 Electron Energy = 70 eV. Echoes the STATUS Byte.

IE1  lon Energy = high (12eV). Echoes the STATUS Byte.

VF100 Focus Voltage= -100V. Echoesthe STATUS Byte.

FL1.0 Filament emisson= 1mA and turn filament on. Echoesthe STATUS
Byte.

lonizer Programming Tips
It is possible to trigger scans and single mass measurements if the filament is not
turned on.

Make sure the pressure is under 10 Torr before turning the filament on or degassing.

Whenever possible replace a Degas procedure with a thorough Probe Bakeout (See
RGA Maintenance Chapter for details). Keep the degas time to the minimum value
that will get the job done. Frequent degassing compromises the lifetime of the
filament.

The filament is frequently tested by the CPU while it is turned on. Consult the
Filament, Leak and Burnt LED’s after activation for immediate status feedback.

Wait for the STATUS byte to be returned between commands and check it every
time for possible errors.

In cases were a hardware error is reported retry the command one more time before
declaring a hardware problem.
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Default parameter settings are available for al the lonizer Control commands
Use the FLO command to turn off the filament.

Programming the Detector
Positive ions that successfully pass through the quadrupole filter are focused towards a
detector that measures the ion currents directly (Faraday Cup, FC) or, using an optional
electron multiplier (CDEM), measures an ion signa proportiona to the ion current.

Use the Detection Control commands to choose the detector type (FC or CDEM),
query the CDEM option, recalibrate the electrometer’s |-V response and set the
electrometer’ s averaging and bandwidth. Use the CA command to zero the ion detector
a any time.

Important: Faraday Cup detection is the default setting when the RGA head is turned on.

Use the MO? command to determine whether an electron multiplier option (Option 01) is
available in the RGA head being programmed. The CDEM is available if the responseis
1<LF><CR>.

The HV command activates/deactivates the CDEM detector. Its parameter value
represents the bias voltage applied across the multiplier, and determines the gain of the
amplifier. The null parameter, HVO, deactivates the CDEM and reconnects the FC
detector to the electrometer.

Note: The ElecMult LED reflects the status of the CDEM at all times.

A temperature compensated |ogarithmic picoammeter measures the ion currents collected
by the FC or CDEM. The microprocessor automatically configures the eectrometer and
connects its input to the correct signa based on the type of detector being used. The sign
of the electron multiplier currents is 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 s activated. The accuracy of the ion current measurements is insured
by an internal calibration procedure that calibrates the output of the electrometer against
input current over its entire operating range. The |-V response can be recalibrated by the
user at any time with the CL command.

The bandwidth and detection limit of the electrometer are programmed with the NF
(Noise Floor) command. A decrease in the Noise-Floor setting results in longer
measurement times with cleaner baselines and lower detection limits. Histogram scans,
analog scans, single-mass measurements and total pressure measurements share the
same NF setting. The RGA automatically adjusts the scanning rate and averaging based
on the NF setting selected.

Important: The zero of the ion detector is automaticaly readjusted at the beginning of
each analog and histogram scan so that the basdline is aways 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
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and stored, as a current value, in the RGA’s memory. The current value (called offset
correction factor) is then 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 al the possible
combinations of detector settings can be generated and accumulated in the RGA’s
memory. However, all offset correction factors are cleared after a recalibration (CL) of
the electrometer is performed, and when the unit is turned off.

Please consult the RGA Command Set section for details on the CA command.

Detector Programming example

The following list of commands starts by checking the RGA head to make sure thereisa
multiplier installed: A CDEM s present if a 1<LF><CR> response is sent back to the
computer. After the test (and assuming the CDEM option was detected), a voltage of
-1400V is st across the multiplier, and the noise floor setting is programmed for minimum
averaging and maximum scan rate. The detector is now fully configured for CDEM
measurements with -1400 V of CDEM bias voltage.

MO? Multiplier Option Query.

Check query response: 1<LF><CR> confirms CDEM option.

HV 1400 High Voltage CDEM = 1400V. Echoes the STATUS Byte.
NF7 Noise Floor = 7. Echoes the STATUS Byte.

Notes:

Append aCA command at the end of thislist to readjust the zero of the ion detector
measurements under the present detector settings. The correction factor will then be used
by al measurements (i.e. single mass and total pressure) under this same detector settings
to correct against zero drifts. Use the HV0 command to go back to FC detection mode.

Important: Total Pressure measurements are disallowed when the CDEM s activated
(TP_Flag is cleared as soon as the CDEM s biased). Please see the TP command for
details.

Detector Programming Tips
Use the ElecMult LED to visudly inspect the status of the CDEM during
programming.

Use the HV? command to query the type of detector that is currently active. The
CDEM isactive if anon-zero response is returned to the computer.

Check the value of STATUS as returned after the HV command execution: Bit 3
provides immediate information about the success of the command.
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The HV command checks for the presence of a CDEM option in the RGA Head
before execution starts and an error is reported if no CDEM is available. (Please see
EM query command for details.)

Itis possible to activate the CDEM if the filament is not emitting € ectrons, but the
CDEM will be deactivated by any overpressure that shuts-down the filament.

The correct operation of the electrometer can be tested using the Error Reporting
command ED?.

The scan rates and signal-to-noise ratios for the different NF settings of the
electrometer are listed in atable in the Electrometer section of the “RGA Electronics
Control Unit” chapter.

When using the RGA Windows program to operate the RGA, the Scan Speed
parameter 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.

Use the CA command to readjust the zero of the detector every time the detector
settings are changed (i.e. after changing the NF parameter setting or changing
detector type). Thisis particularly important if the new settings have not been used in
along time or since the unit was turned on or recdibrated with the CL command.

Follow al recommended procedures for the operation of the CDEM. Consult the
RGA Maintenance chapter for complete CDEM Care and Handling information.

Setting up Analog Scans
Andog 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 scans are triggered with the SC command. The scan parameter can be set for
single, multiple and continuous scanning operation. The mass range for the scanis set in
advance with the commands M| (Initial Mass) and MF (Fina Mass) and the mass-
increments are fixed with the command SA. Scan rate and detection limits are pre-
programmed by the NF (Noise Floor) setting. A current value is transmitted for M1 and
after each mass increment through MF for atotal of (MF-MI )* SA+1 measurements
(See AP query command). For maximum data throughput, the ion currents measured are
represented as integers in units of 0.1 fA, and transmitted directly in Hex format ( four
byte integers with 2's complement format and Least significant byte first).

The detector settings (i.e. detector type and electrometer’s noise-floor setting) to be used
during the scans must be selected in advance with the NF and HV commands. The zero
of the RGA’sion detector is automatically readjusted at the beginning of each analog scan
so that the baseline is centered around zero. (The offset correction factor calculated and
stored in memory, will then be automatically used to correct al currents measured (i.e.
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including those from single mass and total pressure measurements) under the same
detector settings)

The internal scan parameters used by the firmware to step the RF during the scan, are
checked and corrected at the beginning of the scan to make sure that the correct RF
levels (i.e. as specified by the last Peak Tuning procedure) are programmed on the RF
rods as afunction of mass.

Important:

The detector’s zero and the internal scan parameters are checked and corrected at
the beginning of each scan resulting in a dight delay before the scan actualy starts.

The measurements are performed with the detector that is active at the time the scan
istriggered.

A Total Pressure measurement is performed at the end of each scan and transmitted
out to the host computer. In the event where the CDEM is turned on, the total
pressure returned from the head is 0.00. (Please see AP and TP Commands).

Setting up an analog scan

The following list of commands sets a scanning range of 10 to 150 amu, the fastest scan
rate (minimum averaging), 0.1 amu steps, and, after checking the number of currents to
be measured per scan (not including total pressure), it triggers 10 scans under those
conditions. Each one of the 10 scans transmits 1401 scan currents and one total pressure
current, and each current is 4 bytes long.

MI110 Initial mass = 10 amu.

MF150 Fina mass = 150 amu.

NF7 Fastest scan rate selected.

SA10 Steps/amu = 10.

AP? Anaog Points query. The number 1401 is echoed. Add one for
total pressure.

SC10 Andog Scan trigger: 10 scans are generated and transmitted.

Analog Scan Programming Tips

It is good programming practice to follow each command that sets a parameter with a
query of the parameter setting. For example, the first command in the list should be
followed by a MI?, and a number 10 should be echoed by the RGA.

Notice that M1 and MF are shared by analog and histogram scans.

Any command sent to the RGA during scanning will immediately halt the scanning
action and clear the RGA’s transmit buffer. Remember to also clear the computer’s
receive buffer to reset the communications. The new command responsible for
stopping the scan will be executed!
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The RGA has the ability to store a complete scan in its output buffer. The scan
remainsin memory until al the datais transmitted out to the host computer over
RS232. As aresult of the high acquisition rate of the RGA there might be a delay
between the time at which the datais collected by the RGA head and the time at
which a complete spectrum is displayed by the host computer. The time lag between
data acquisition and display depends on alarge number of factors including the scan
rate (NF setting) of the RGA, the host computer’ s processing speed, and the amount
of handshaking activity over the RS232 lines. As computers get faster, they will be
able to catch up with the RGA data acquisition speed and this problem will no longer
need any consideration.

Before a new scan starts the RGA checks its internal memory to make sure that no
data from any previous scan is pending to be transmitted. If datais still pending, the
RGA must finish transmitting it before the new scan can start. This process may
result in adelay from the time the scan trigger is received to the time it actualy starts.
Using the SC1 command and waiting until the whole scan data stream is transmitted
back to the host computer will minimize the problems that are associated to this
feature.

Perform a complete Peak Tuning procedure on the RGA Head if the peaksin the
spectrum do not appear at their correct mass values (Consult the Peak Tuning section
in the RGA Tuning chapter).

Setting up Histogram Scans
A Histogram (Bar Mode) Scan consists of a succession of individual single mass
measurements over a pre-specified mass range. A single vaue is used to represent the
peak heights at each integer mass within the range. Histogram scanning is one of the most
commonly used modes of operation for the RGA. Its two main advantages are a faster
scan rate than analog scans, and a reduced amount of data being exchanged during the
scan.

Histogram scans are triggered with the HS command. The scan parameter can be set for
single, multiple and continuous scanning operation. The mass range for the scanis set in
advance with the commands M1 (Initial Mass) and MF (Final Mass). A current valueis
transmitted for each integer mass value between M1 and MF for atota of (MF-MI +1)
measurements (See HP command). For maximum data throughput, ion currents are
represented as integers in units of 10 Amps, and transmitted directly in hex format (four
byte integers, 2’'s complement format, Least Significant Byte first).

The detector settings (i.e. detector type and electrometer’ s noise-floor setting) to be used
during the scans must be selected in advance with the NF and HV commands. The zero
of the RGA’sion detector is automatically readjusted at the beginning of each histogram
scan so that the baseline is centered around zero. The offset correction factor calcul ated
and stored in memory, will then be automatically used to correct al currents measured
(i.e. including those from single mass and total pressure measurements) under the same
detector settings.
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The internal scan parameters used by the firmware to step the RF during the scan, are
checked and corrected at the beginning of the scan to make sure that the correct RF
levels (i.e. as specified by the last Peak Tuning procedure) are programmed on the RF
rods as a function of mass.

Important:

The detector’ s zero and the internal scan parameters are checked and corrected at
the beginning of each scan resulting in a dight delay before the scan actualy starts.

The measurements are performed with the detector that is active at the time the scan
istriggered.

A Tota Pressure measurement is performed at the end of each scan and transmitted
out to the host computer. In the event where the CDEM s turned on, the total
pressure returned from the head is 0.00. (Please see AP and TP Commands).

Setting up a histogram scan

The following list of commands sets a scanning range of 1 to 50 amu and the dowest scan
rate, and, after checking the number of currents to be measured per scan (not including
total pressure), it triggers a single scan under those conditions. During the scan, 50 scan
currents and one total pressure current are transmitted to the computer, and each current
is4 byteslong.

MI1  Initid mass=1 amu.

MF50 Final mass=50 amu

NFO  Slowest scan rate selected.

HP?  Histogram Points query. The number 50 is echoed. Add one for
total pressure.

HS1  Histogram Scan trigger: 1 scan is collected and transmitted.

Histogram Scan Programming Tips

It is good programming practice to follow each command that sets a parameter with a
query of the parameter setting. For example, the first command in the list should be
followed by a MI?, and a number 1 should be echoed by the RGA.

Notice that M1 and MF are shared by analog and histogram scans.

Any command sent to the RGA during scanning will immediately halt the scanning
action and clear the RGA’s transmit buffer. Remember to also clear the computer’s
receive buffer to reset the communications. The new command responsible for
stopping the scan will be executed!

It is good practice to perform an analog scan before triggering a large set of
histograms to assure the correct peak tuning (i.e. correct peak locations and widths)
of the quadrupole mass filter. Perform a complete Peak Tuning Procedure as
described in the RGA Tuning chapter of this manual if significant shiftsin the peak
locations are observed.
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The RGA has the ability to store a complete scan in its output buffer. The scan
remainsin memory until al the datais transmitted out to the host computer over
RS232. As aresult of the high acquisition rate of the RGA there might be a delay
between the time at which the data is collected and the time at which a complete
spectrum is displayed by the host computer. The time lag between data acquisition
and display depends on alarge number of factors including the scan rate (NF setting)
of the RGA, the host computer’ s processing speed, and the amount of handshaking
activity over the RS232 line. As computers get faster, they will be able to catch up
with the RGA data acquisition speed and this problem will no longer need any
consideration.

Before anew scan starts, the RGA checks its internal memory to make sure that no
data from any previous scan is pending to be transmitted. If datais still pending, the
RGA must first finish transmitting the stored data before the new scan can start. This
process may result in adelay from the time the scan trigger is received to the time it
actudly starts. Using the HS1 command and waiting until the whole scan data stream
is transmitted back to the host computer will minimize the problems that are
associated to this feature.

Single Mass Measurements
Single mass measurements are triggered with the MR command. The parameter is the
integer mass number (mass-to-charge ratio in amu units) a which the measurement is
performed.

The type of detector and noise-floor settings to be used by the measurement must be
selected in advance with the NF and HV commands.

The precision and duration of the measurement are totally determined by the NF
parameter value. The scan rates and signal-to-noise ratios for the different NF settings of
the electrometer are listed in atable in the Electrometer section of the “RGA Electronics
Control Unit” chapter. The command execution time includes some initia time spent
waiting for the Quadrupole Mass Filter and the electrometer response to settle.

As usual, a compromise must be made between signal-to-noise and measurement time.

Theion current is expressed in the usua format: 4 byte long, 2's complement integer in
units of 107° A, with Least Significant Byte transmitted first.

Important:

During a Single Mass Measurement the RGA performsa“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 drifts in the mass scale calibration. The Miniscan covers a 0.6 amu range
centered at the mass requested, and selects the maximum current from 7 individua
measurements performed at 0.1 amu mass increments.
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The detector settings (i.e. type of detector and noise-floor setting) to be used during
the measurement must be selected in advance with the NF and HV commands;
otherwise, the measurements are performed with the detector settings that are
present at the time the scan is triggered.

The ion detector can be zeroed, prior to the measurements, performing an analog or
histogram scan or using the CA command, under the same detector settings (An
offset-correction factor is calculated and stored in memory that it is then automatically
used by the Miniscan procedure to correct al ion currents measured). The CA
command will aso update the internal scan parameters to assure that the correct RF
levels (i.e. as specified by the last Peak Tuning procedure) are programmed on the
RF rods as a function of mass during the Miniscan.

Single Mass Measurement example

The following list of commands can be used to perform a single mass measurement at 28
amu. Firg, the eectron multiplier is turned off and the FC is connected to the
electrometer, the noise floor is set to the maximum averaging (best signal-to-noise ratio
and longest measurement time), the zero of the detector is readjusted, and the
measurement is triggered. The single current value returned by this command is the
maximum current in the 28 +/-0.3 amu region of the mass spectrum, and must be
corrected with a sengitivity factor to obtain the actual partial pressure reading at mass 28.

Important: The RF/DC on the QMF are left at 28.3 amu at the end of this measurement,
and the MRO command can be used to turn them off.

Important: The CA command turns off the RF/DC at the end of its execution.

HVO High Voltage CDEM = 0 Valts, FC detection enabled.

NFO  Maximum averaging (slowest scan rate) selected.

CA Readjust the zero of the detector for clean baseline and update
the internal scan parameters.

MR28 Single measurement triggered @ 28 amu. A single current value
isreturned and the RF/DC are left at 28.3 amu.

Collect the 4 byte current value returned.(Use sengitivity factor to convert it to

pressure value.)

MRO  Turn off the RF/DC on the QMF rods when done measuring.

Single Mass Measurement programming tips

Single mass measurements are very commonly used in program loops where several
different masses are monitored in a merry-go-round fashion and their partial pressures
displayed as a 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. For
example:
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*  Theoutput of a D/A converter can be linearly related to the readings
obtained at a certain mass.

« A relay switch can be closed whenever another mass concentration goes
above a certain level.

+ A digital output can be set high when a third mass goes under a minimum
acceptable partia pressure value.

For best accuracy of results, it is best to perform al consecutive mass measurements
in a set with the same type of detector and at the same noise floor (NF) setting. Fixed
detector settings diminate settling time problems in the electrometer and in the
CDEM’sHV power supply.

It is good practice to perform an analog scan before triggering along set of

measurements to assure the correct tuning (i.e. correct peak locations and widths) of
the quadrupole mass filter. Perform a complete Peak Tuning Procedure as described
in the RGA Tuning chapter of this manual if shiftsin the peak locations are observed.

The RF/DC voltages are not turned off at the end of a measurement. Use the M RO
command at the end of a set of measurements and befor e quitting a program
to make sure the RF/DC voltages ar e deactivated completely.

Total Pressure Measurements
The RGA might be thought of asa Tota Pressure lonization gauge with a mass analyzer
interposed between the ionizer and the detector. Thus, by disabling the mass-
discriminating action of the analyzer section, it is possible to use the RGA as atota
pressure ionization gauge.

Total pressure measurements are automatically requested at the end of each analog and
histogram scan, and can aso be triggered directly by the user with the TP? command.
The response of the RGA to a Total Pressure measurement request depends on the status
of TP_Flag at the time the measurement is requested:

TP_Flag : 1 => The measurement is performed and the total ion current is transmitted.
TP_Flag : 0 => No actua measurement is performed but a null current is still sent out
over RS232.

TP_Flag is set upon a power-on reset and cleared when the CDEM is activated. It can

a so be toggled on/off by the user with the TP command. For example, total pressure
measurement can be re-enabled after the CDEM is turned on by using the TP1 command
(see Tips below).

The total ion current measured by the electrometer is transmitted in the standard format :
Integer in units of 10™° A, 4 Bytes long, 2's complement format, with the Least significant
byte transmitted first.
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Note: While performing atotal pressure measurement the RF in the quadrupole mass
filter isset to 1 amu and the DC biasis zeroed. All ionic species have stable trgjectories
down the filter under those conditions and reach the ion current detector with different
efficiencies.

Important: The sensitivity factor for the TP measurements is highly mass dependent.
The additional mass discrimination that takes place in the filter resultsin the mass
dependence of the RGA readings being very different from that of the Bayard Alpert
gauge readings. Expect to see deviations between the two gauges as the
composition of a residual gas changes.

Total Pressure measurement example

The following list of commands is an example of atotal pressure measurement
setup. Thefirst step sets up the FC as the detector, and automatically sets the
TP_Flag = 1. The second step triggers atotal pressure measurement in the RGA
Head. The total current returned to the computer can be converted into a pressure
using a mass dependent sensitivity factor.

HVO High Voltage CDEM = 0 Valts, FC detection activated, TP_Flag = 1.
TP? Total pressure measurement trigger. Total ion current is returned.

Total Pressure measurement programming tips

Use the TP query command to check the total pressure with the FC prior to turning
on the CDEM. Do not turn on the CDEM if the pressureistoo high! Seethe
CDEM Handling and Care recommendations, in the RGA Maintenance chapter, for
details.

There is no query for the TP_Flag value. If the status of the flag is unknown prior to
requesting a Total Pressure measurement, use TP1 to set the flag or TPO to clear it
as needed.

TP_Flag is cleared whenever the CDEM is turned on to protect the multiplier
fromlargeion currents. TP1 can be used to reset the TP_Flag to one after
making sure the total pressureisin a“ safe” range for the CDEM.

The sensitivity of the RGA for total pressure measurements will usualy be affected
after mass axis recalibrations (i.e. Peak Tuning). Check the sengitivity cdibration
after any peak tuning procedure.

Storing information in the RGA Head
In order to make the RGA a stand-alone mass spectrometer, four parameter storage
commands can be used to store head-specific information in the instrument’ s non-volatile
memory.

The head specific parameter values that can be stored are:

SP:  Senditivity factor for partial pressure measurements, generally for nitrogen or
argon. See SP command.
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ST:  Sengtivity factor for Total Pressure measurement, generally for nitrogen or
argon. See ST command.

MV: CDEM High Voltage setting that corresponds to the gain stored by MG. See MV
command.

MG:. CDEM gain at the HV setting stored in MV. See MG command.

See the Parameter Storage commands list in the next section for details.

I mportant:

The Parameter Storage commands are used by the RGA Windows software to store
and retrieve the partial and total pressure sensitivity factors, and the gain and voltage
settings of the CDEM cd culated and used by the program.

The parameter values are not used internally by the RGA to correct for sengitivity or
gain, they are smply stored so they can be read and used by any computer connected
to the RGA Head.

MV and MG are only available in units with the CDEM option (Option 01) installed
(See MO command for details) and usually store a calibrated pair of [gain, high
voltage] vaues for the CDEM.

Programming example

The following list shows atypical application of the storage commands to save head
specific information in the RGA Head. Thefirst line stores a partia pressure sensitivity
factor of .1mA/Torr, the second line stores into memory atotal pressure sensitivity of
.02mA/Torr, and the last two lines store a[1400V | 10,000 gain] calibrated pair for the

CDEM.

SP0.1 Partia pressure Sengtivity= 0.1 mA/Torr.

ST.02 Total pressure Sensitivity = 0.02 mA/Torr.
MV 1400 CDEM HV setting (for MG gain): 1400 V.
MG10 CDEM gain (@MV s&tting)=10,000x.

Programming the Quadrupole Mass Filter
Use the ML (Mass Lock) command to activate the quadrupole mass filter (QMF) and
center its pass-band at any mass number within the available range. The command ML is
included for the convenience of users who wish to use the RGA as a massfilter. The
QMF is parked at the mass requested but no actua measurements take place. The
command’ s parameter can be areal number and the step resolution is 1/256 amu.

The command execution involves two steps:
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1. The RF/DC levels corresponding to the mass requested are calculated and set on the
QMF rods based on the mass axis calibration parameter values specified by the last
Peak Tuning procedure.

2. A firmware driven dgorithm is then automatically enabled to stabilize the voltage
output of the RF Driver’s controller against temperature fluctuations.

The net result isvery stable RF/DC levels that are highly insengtive to the operating
conditions of the RGA Head.

Important: The RF/DC stabilization algorithm (Step 2 above) remains active as long as
no new commands are detected by the RGA Head. Once a new command is received,
stabilization stops, and the new command is executed.

Use the MLO command to turn off the RF/DC bias when finished performing
measurements and before quitting the program controlling the RGA.

QMF programming example

ML28 Activate the mass filter and center its pass band at 28 amu
ML42.50 Activate the mass filter and center its pass band at 42.50 amu.
MLO Deactivate the QMF. (same as MRO command)

QMF Programming tips

Take advantage of the stabilization feature of the ML command whenever possible.
For example: Do not send any new commands to the RGA Head once the QMF has
been set to the specified mass value, or otherwise recall the ML command, whenever
practical, to refresh the QMF RF/DC settings.

A typicd application of the ML command involves monitoring a single mass
concentration looking directly at the linear output of the CDEM anode with a boxcar
or trandent digitizer.

Use the MLO command to turn off the RF/DC bias when finished performing
measurements and before quitting the program controlling the RGA.

It is good practice to perform an analog scan before using the ML command to assure
the correct tuning (i.e. correct peak locations and widths) of the quadrupole mass
filter. Perform a complete Peak Tuning Procedure as described in the RGA Tuning
chapter of this manual if shiftsin the peak locations are observed.

Error Checking the RGA
Severa firmware-driven checks automatically test the RGA when the unit is turned on,
and continuoudly monitor the internal workings of the instrument. A “Background
Filament Protection Mode” is activated when the filament is turned on to protect the
delicate filament (and CDEM) from accidental overpressures. Several commands can be
used to trigger hardware tests on the ECU. Any one of the internal checks just described
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can detect and report errors, and it is the responsibility of the user to constantly monitor
the RGA Head for error reports.

There are two ways to detect the presence of errorsin the RGA:
1. Visually: Inspecting the red LED’ s on the rear panel of the ECU.

The Error LED isturned on whenever a hardware problem is detected, and it flashes
twice if acommunications error is generated during programming.

The Burnt and Leak LED’ sindicate specific filament problems and are turned on, in
addition to the Error LED, whenever the ionizer’s emisson is internally shut down or
not established as requested.

2. Error Queries: Queering the Error Byteswith the Error Reporting commands.
The “Error Byte Definitions’ section of this chapter describes the different error
bytes used to store the results of the internal checks. The “Error Reporting
Commands’ query the error bytes and are used to quickly diagnose problems.

Important: The RGA Windows software supports al the Error Reporting commands
and routinely monitors the Error Bytes. Detected errors are immediately reported to the
user and identified based on Error Codes. See the RGA Troubleshooting chapter for
recommended solutions to the problems.

The STATUS error byteisthe gateway to error diagnosis:

Important: The RGA isfree of detected errorsaslong asthe STATUS byteis
clear (no bits set).

Each bit of the STATUS byte reflects the result of a different type of internal check.
Each internal check involves sever al different tests on a component of the RGA (See
the RGA Troubleshooting Chapter for details). The results of the specific tests are stored
in check-specific error bytes. All error bytes can be queried by the computer, using the
Error Reporting commands, to find out which bits are set.

STATUSBIt | Internal Check® ERROR Byte” | Query @
7 not used N.A. N.A.
6 24V Externa P/S® PS ERR EP?
5 Electrometer® DET_ERR ED?
4 Quadrupole Mass Filter® | QMF_ERR EQ?
3 Electron Multiplier CEM_ERR EM?
2 not used N.A. N.A.
1 Filament FIL_ERR EF?
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STATUSBIt | Internal Check® ERROR Byte® | Query @

0 Communicetions RS232 ERR EC?

(8) RGA component checked. Each check involves severa tests on the component.
(b) Internal checks automatically performed upon a power-on-reset

(c) Error bytes that store the results of the tests for each type of internal check.

(d) The Error Reporting command that queries the error byte.

The Error LED isimmediately turned on if any one of the bits 1-7 of STATUS is s&t. Bit
0 of STATUS reports communications errors and the Error LED is only flashed twice
when the bit is set.

The STATUS Byte should be queried regularly by the programming software (ER?
command.)

Commands that involve hardware control (such as lonizer Control commands) do
diagnostic checks on the hardware as they are executed. Since the command execution
time can be rather long, the RGA prompts the end of execution by sending back the vaue
of the STATUS byte to the computer. Always check the STATUS Byte value returned
for possible errors.

If one or more bits of the STATUS byte are found set, the specific error bytes (PS_ERR,
DET_ERR, QMF_ERR, CEM_ERR, FIL_ERR, and RS232_ERR) must be queried
individualy to diagnose the problem.

Error diagnosis examples

Example #1:

The RGA is powered up and, after the automatic internal checking is over, the Power
LED isturned off and the Error LED is turned on. The problem isimmediately diagnosed
visualy as afailure in the 24V Externa P/S check. A multimeter could be used to check
the output of the externa power supply and determine the nature of the problem;
however, the computer could also be used to diagnose the problem using the query
commands:

The ER query command returns a STATUS Byte with bit 6 set indicating a 24V P/S
problem. The EP query command is then used to query PS_ERR. Bit 6 of PS ERR is
found set (Error Code: PS6) indicating that the P/S output is less than the acceptable
minimum of 22 V.

This error is dso immediately reported by the RGA Windows software as an Error Code:
PS6, and the RGA Troubleshooting section can be consulted to solve the problem.

Example #2:

The RGA isidling between scans, waiting for commands from the computer, when
suddenly a vent-valve is accidentally opened and the vacuum system is pressurized. The
Background Filament Protection mode immediately detects the problem and turns off the
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filament. The change is easily detected because the Filament LED turns off, and the Error
and Lesk LED’s smultaneoudly turn on.

A visua inspection of the red LED’sis all that is needed in this case to detect and
diagnose the problem; however, a computer could do the same diagnosis with the help of
the query commands:

The ER? command, used to monitor the STATUS byte regularly, returns a non-zero byte
vaue. Further analys's, showsthat bit 1 is set indicating a filament problem. The EF?
command is then used to read in the value of FIL_ERR. Bit 6 is found set indicating that
the filament was unable to set the requested emission current and had to be shut down
(Error Code: FL6). The problem is quickly diagnosed as an overpressure using the RGA
Troubleshooting chapter directions.

The error is aso immediately reported by the RGA Windows software as Error Code:
FL6, and the RGA Troubleshooting section can be consulted to solve the problem.

Example #3:

The RGA isturned on and, after all the internal checks are performed, the green Power
LED and the Error LED are turned on. The red LED signals the operator that a problem
was detected. A 24V P/S error is not expected since the Power LED ison. The ER?
command returns a STATUS byte with bit 4 set, pointing to a quadrupole mass filter
problem. The command EQ? is used to read in the QMF_ERR byte. Bit 7 is found set
indicating that the RF driver is unable to set the maximum RF vaue available to the RGA
(Error code RF7 in Troubleshooting Chapter). A quick visud inspection of the RGA head
shows that the ECU is not pushed al the way into the probe and no actua connection
exists between the rods and the RF driver.

This error is aso immediately reported by the RGA Windows software as Error Code:
RF7, and the RGA Troubleshooting section can be consulted to solve the problem.

Example #4:

The user notes that the Error LED flashes every time the ID? command is sent to the
RGA and the ID string is never returned (i.e. receive timeout). The STATUS byte
returned by the ER command has the bit O set as expected for a communications problem.
The specific communications problem is diagnosed using the EC? command. Bit O of
RS232_ERR isfound set indicating that a bad command is being detected by the RGA.
The user checks the communications program and finds out that, due to mistyping, the
IM? gtring is being sent to the RGA instead of 1D?. The problem is easily corrected.

Error Checking Programming tips
Keep aclose eye on the Error LED’ s while programming the RGA. Diagnose
problems as soon as they are detected.

Even though alot of internal checks are performed by the microprocessor, not all
possible internal error conditions are accounted for.
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The values of the Error Bytes often change after an Error Byte query command is
executed. Some query commands update the byte value after performing a fresh test
on the hardware, while others clear error bits, after they are read, to provide a clean
error-reporting date. Please see the Error Reporting Commands list for details.

It is good programming practice to check the value of the STATUS byte whenever it
isreturned at the end of command execution.

In cases were a hardware error is reported at the end of a command attempt the
command one more time before declaring a hardware problem.
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RGA Command Set

This section lists and describes the commands of the RGA’s Command Set. The
commands are separated into several lists, based on their functions. They are each
identified by aheader that describes the command’s syntax (with the acceptable
parameter values), the command’s function, and the information returned (Echo) to the
computer during execution.

The RGA commands are ASCII character strings consisting of atwo letter (case
insengtive) command name, a parameter, and acarriagereturn terminator.

Note: The carriage return character, decimal ASCII vaue=13, is represented throughout
this manua with the symbol <CR>. All command strings must be terminated with this
character in order to be acknowledged by the RGA.

The two letter mnemonic in each command segquence specifies the command name. The
rest of the sequence consists of parameters. Three types of parameters are allowed:
numbers, asterisk (default param), and question mark (query). Not all commands accept
all types of parameters, and some need no parameters at all.

In general, number parameters can be real or integer; however, some commands will only
accept integers. Commands that accept only integers are recognized because the numbers
used to specify their parameter range do not have a fractiona part.

The maximum mass number recognized by the RGA is model dependent and is
represented by M_M AX: 100 for the RGA 100, 200 for the RGA200, and 300 for the
RGA300.

With afew exceptions, the data returned by most query commandsis a string of ASCI|
characters terminated by alinefeed (<LF>, decimal ASCII value=10) and a <CR>
terminator: string<LF><CR>.

lon currents are represented as integers in units of 10° Amps, and transmitted directly in
Hex format: four byte integers, 2's complement format, Least Significant Byte first.
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Initialization Commands

ID?

Description: Identification query.
Echo: ID gring.

Useto identify the RGA head connected to the host computer.
The RGA returnsthe ID string (ASCII format):
SRSRGA#H#V ER# ##SN#H#HHH#H<L F><CR>
The three string parameters, in the exact format shown above, correspond to:

1. Modd number (=M_MAX): 100 for RGA100, 200 for RGA200 and 300 for
the RGA300.

2. Firmware version ( for example: 0.23).
3. Serid Number of the unit (5 digit format).

The ID command is used for a variety of purposes.
Make sure the RGA is powered up and ready to go.
Check the quality of the RS232 connection to the host compuiter.

Check the user’s communication software to make sure it is communicating
properly with the RGA.

Check the serial numbers of the RGA heads connected to the computer's
seria ports. The unique serial number attached to each head can be used for
identification purposes avoiding the problems caused by cable swapping in the
RS232 connections under multiplexed operation, or head swapping in the
vacuum system.

Parameters: Only one possible format:
ID?

Error checking:
Only a query format is accepted. Anything else results in a Bad-parameter error.

INO, IN1, IN2

Description: Initidization command
Echo: STATUS Byte
Initialize the RGA to a known date.

Three different levels of initialization are available.
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Command excecution times vary depending on the pre-existing ionizer conditions.
The end of the command excecution is prompted to the host computer returning
the STATUS byte over RS232.

Parameters:

INO: Initialize communications and check the ECU hardware.
The input and output data buffers are emptied (all communications are
disabled while this happens).

Bit 0 of STATUS and RS232_ERR are cleared

A fresh check of the ECU hardware, including the 24V P/S, the Electrometer
and the QMF RF P/S, is performed and the necessary error bytes are
updated.

IN1: Reset the RGA toitsfactory default settings.

In addititon to the above, the RGA is reprogrammed to its default (i.e. Factory
preferred) values:

Total Pressure measurement. is enabled: TP_Flag =1

Default parameter settings are selected for: Ml (1), MF (M_MAX), SA
(10), NF (4), IE (1), EE (70), and VF (90).

The filament's electron emission setting is left unmodified and the ionizer
is biased to default voltages if necessary.

IN2: Activate Standby mode.
In addition to the above:

The filament and the CDEM are turned off.
Error Checking:

The command accepts no default or query parameter values.
The absence of a parameter is treated as a bad-parameter error.
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lonizer Control Commands

DGparam, param: 0 - 20,*
Description: lonizer Degas command

Echo: STATUS error byte (unless command is stopped before completion, or
param=0).

DEGAS the ionizer by heating and electron stimulated desorption. The parameter
represents the desired DEGASS time in minutes and includes a one minute initia
ramping time.

Warning: Repested degassing will considerably limit the lifetime of the filament.
Whenever possible replace a Degas procedure with a thorough probe and
vacuum system bakeout (See Probe Bakeout in RGA Maintenance Chapter).

Important: The Electron Multiplier is turned off a the beginning of a Degas
cycle, and left unbiased at the end, for protection.

During the DEGAS process, the electron energy is set to 400 eV, and the
eectron emission current is ramped to 20 mA over a 1 minute period. The high
ionizer energy (c.a. 8W) combined with alarge flux of highly energetic electrons
degasses the ionizer in a process known as electron stimulated desorption.

Degassing is done in avery controlled fashion. The electron emission current is
ramped dowly to avoid sudden bursts of pressure into the vacuum chamber, and
the filament is constantly checked to make sure it is always protected from a
harsh environment. If a problem isfound in the filament operation at any time,
degassing is interrupted and the filament is left without any eectron emission
current.

The degassing process involves severa steps.
1. The FIL_ERR Byte is checked to make sureiit is zero. If not zero, jump to 12.

2. The filament status is memorized so it can be restored at the end of the
command ( step 10).

3. The Degas LED isturned on.

4. The FC and CDEM anode are connected to ground, and (if necessary) the
CDEM isturned off.

5. The electron energy is set to 400 eV.

6. The emission current is ramped from 1 to 20 mA over a period of one minute
(with the filament checked every 3 seconds)
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7. Therest of the degas time is spent at full emission current and with the
filament checked once every second.

If afilament check fails at any time the following steps are taken automatically:
filament is turned off, Degas LED is turned off, jump to step 12).

8. At the end of the time specified by the parameter (and if no problems were
encountered) the Degas LED isturned off.

9. lonizer goes back to pre-Degas configuration

10. The electron emission current is reprogrammed to its pre-Degas value and
background filament protection is reenabled.

11. The Filament LED is updated.

12. The STATUS byteis sent out to the host computer to indicate the DEGAS
processis over.

Any command recieved before degassing is over will stop the process
immediately without the STATUS byte being echoed to the computer. During
degassing a check for new commands is done once a second, so atime margin
must be allowed once the stop command is issued for the Degas command to
react to it. Some more time (a few seconds) must be provided to let the pre-degas
electron emission current be reestablished at the end.

Parameters:

DGO: Do nothing command. Commonly used to sop degassing. Nothing is
echoed over RS232.

DGparam, param: 0-20: The parameter represents the degas time in minutes.
The first minute is used to ramp the current up to 20 mA.

DG*: Thedefault timeis used to degas.
Default=3 (minutes)
Error Checking:
Number parameters must be within the accepted range, and must be integers.

No parameter (i. e. DG) is treated as a parameter error.
No queries are alowed.

EEparam, param: 25 -

105, *, ?
Description: Electron Energy (eV).

Echo: STATUS error byte or query response.
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Set the Electron Impact lonization Energy of the ionizer. The parameter
represents the desired electron ionization energy in units of eV.

If the filament is emitting electrons at the time the command is invoked, the
repeller voltage is immediately reconfigured to provide the desired electron
energy, while the ion energy and eectron emission currents remain unafected. If
the filament is off, the new electron energy setting is stored in memory for the
next time the filament’s emission is activated

Command excecution times vary depending on the pre-existing ionizer conditions.
The end of the command excecution is prompted to the host computer by sending
out the STATUS byte over RS232.

Note: The Electron Impact lonization Energy is set to the default value when the
unit is turned on.

Important: The repeller grid and the focus plate are only biased while the
filament is emitting electrons.

Parameters:

EEparam, param: 25-105: The parameter represents the electron impact
ionization energy in eV.

EE*: The default Electron Energy vaueis used to run the command.
Default: 70 (eV)

EE?: Query. The electron energy parameter setting is returned over RS232 in
ASCII format.

Error checking:
Number parameters must be within the accepted range and must be integers.
The absence of a parameter (i. e. EE) is treated as a parameter-error.

FLparam, param: 0.00 - 3.50, *, ?
Description: Electron emission current (mA).

Echo: STATUS error byte or query response.

Set the electron emission current level in the ionizer. The parameter represents
the desired eectron emission current in units of mA.

When afinite emission current is requested, the RGA biases the ionizer’ s repeller
grid and focus plate, and activates the filament’s heater until the requested
electron current is established.

A null parameter value, turns off the filament and grounds the ionizer’ s repeller
grid and focus plate.
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Command excecution times vary depending on the pre-existing ionizer conditions.
The end of the command excecution is prompted to the host computer sending out
the STATUS byte over RS232.

The Filament LED reflects the ionizer’ s emission status at al times.

A firmware-driven “Filament Protection Mode” monitors the performance of
the filament while it is emitting electrons and if a problem is detected at any time,
the heater isimmediately shut down and the problem is reported through the error
bytes and the error LED’ s (see below).

WARNING: The pressurein the chamber must be under 104 Torr
befor e tur ning the filament on!

Important:

The repeller grid and the focus plate are only biased while the filament is
emitting electrons.

In order to protect the filament, the emission current is defaulted to zero when
the RGA isturned on.

The CDEM isturned off by any overpressure that also shuts down the
filament.

Parameters:

FL 0.00: The filament is turned off and the repeller grid and the focus plate are
grounded.

FLparam, param: 0.02-3.50: The parameter is the requested Electron
Emission Current in units of mA. The repeller grid and the focus plate are biased,
and the filament’ s heater is activated until the requested electron current is
achieved.

FL*: The command is excecuted using the default parameter value.
Default: 1.00 mA

FL?: Returns over RS232 the value of Electron Emission Current (in mA)
actudly flowing through the ionizer.

Important: The number returned by the query command will aways be very
close, but rarely identical, to the current value set with the FLparam command.
The difference observed will never exceed +/-0.02 mA. The value returned is the
actual electron current circulating through the ionizer as internaly caculated by
the RGA head. The discrepancy is due to the finite resolution of the digital-to-
analog converters used to program the ionizer's emission current.
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Error Checking:

The absence of a parameter (i. e. FL) istreated as a bad-parameter error.

The STATUS byte is echoed to the host computer at the end of the command
excecution, and it should be checked to determine whether the requested electron
emission current was succesfully established. If Bit 1 of STATUS isfound s,
FIL_ERR should be immediately checked to identify the specific problem (See
EF? command in the Error Reporting Commands list). It is good practice to
attempt the command a second time before declaring a hardware problem. Once
it has been set, FIL_ERR can only be cleared after succesfully turning on the
filament.

I[Eparam, param: 0,1, *, ?
Description: lon Energy (eV).

Echo: STATUS error byte or query response.

Set the lon Energy to one of two possible levels: Low (8eV) or High(12eV). The
parameter represents the ion energy level: O for Low and 1 for High.

Since the axis of the quadrupole mass filter is at ground, theion energy (in eV) is
equal to the anode grid voltage (in Volts).

Important: The anode grid is aways biased regardless of the ionizer’s emission
status.

Upon reset the grid level is set to the default value.

Parameters:

IEO Low ion energy: 8 eV .

I[E1 Highion energy: 12 eV.

| E* : The default lon Energy parameter value is used to run the command.
Default: 1 => high ion energy: 12 eV

|E?: Query. The value of the anode grid parameter is returned over RS232 in

ASCII format. Note that it is the parameter value and not the actual voltage

level that is returned.

Error checking:

Number parameters can be 0 or 1 only, and must be integers.
The absence of a parameter (i. e. |IE ) istreated as a bad-parameter error.

VFparam, param: O - 150, *, ?
Description: Focus plate voltage (Volts)

Echo: STATUS Error Byte and query response.
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Set the focus plate voltage in the ionizer. The parameter represents the magnitude
of the biasing voltage (negative) in units of volts.

The ions formed inside the anode grid are extracted into the quadrupole mass
filter by the negative attractive potentia of the "Focus' or Extraction Plate. The
plate serves the double purpose of drawing the ions away from the anode grid,
and containing the ionizing e ectrons inside the source. Electron leakage into the
filter isonly detectable at low mass settings (1 to 10 amu) and can easily be
eliminated biasing the focus plate at least 30V more negative than the repdller.

Careful adjustment of the voltage results in optimum coupling of the ion beam into
the QMF and maximum sengtivity.

If the filament is emitting electrons at the time the command is invoked, the focus
voltage isimmediately reprogrammed, while the ion energy, electron energy and
electron emission currents remain unaffected. If the filament is off, the new focus
voltage value is stored in memory for the next time the filament’s emission is
activated.

Command excecution times vary depending on the pre-existing ionizer conditions.
The end of the command excecution is prompted to the host computer sending out
the STATUS byte over RS232.

Parameters:
VFparam, param: 0-150: The parameter represents the magnitude of the focus
plate bias potentia in Volts (The actual bias voltage is negative). The STATUS

byte is transmitted at the end of command execution.

VF*: The default Focus plate biasing Voltage vaue is used to excecute the
command. Default: 90 (V).

VF?: Query the focus plate biasing voltage setting.
Error checking:

Number parameters must be integers within the accepted range.
The absence of a parameter (i. e. VF) istreated as a bad-parameter error.
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Detection Control Commands

CA
Description: Cdibrate All.

Echo: STATUS Error Byte.

Readjust the zero of the ion detector under the present detector settings, and

correct the internal scan parameters against small temperature fluctuations to
assure that the correct RF voltages (i.e. as specified by the last Peak Tuning

procedure) are programmed on the QMF rods as a funtion of mass.

In order to readjust the zero of itsion detector, the RGA measures the output of
its electrometer in the absence of input ion current and under the present detector
settings (i.e. noise floor and detector type). The current value obtained is stored in
internal memory as an offset correction factor that is automatically used by the
firmware to correct al ion currents measured (i.e. including those from single
mass and total pressure measurements) under the same detector settings.

Important:

Offset correction factors for all the possible combinations of detector settings
can be accumulated in the RGA’s memory.

All offset correction factors are automatically cleared after a complete
recalibration (CL) of the electrometer is performed, and also when
the unit isturned off.

Use the CA command every time the detector settings are changed to values
that have not been used in along time or that were never used since the unit
was turned on or recalibrated with the CL command.

The zero of the ion detector is aso automatically readjusted at the beginning
of each analog and histogram scan so that the baseline is always centered
around zero.

In order to correct the mass axis against peak position shifts caused by small-
temperature fluctuations, the RGA characterizes the voltage output of the RF
driver’s control circuit, and recalculatesitsinternal scan parameters to
assure that the correct RF levels (i.e. as specified by the last Peak Tuning
procedure) are programmed on the QMF rods as a funtion of mass.

Important: Use a complete Peak Tuning Procedureto correct the mass
axis calibration when lar ge temper atur e fluctuations ar e suspected. The
calibration procedure triggered by the CA command cannot correct the mass axis
against large temperature drifts that affect the response of the RF Driver to its
controlling voltage, or the relationship between mass and RF levelsin the QMF
itsdf (i.e. due to changesin the QMF s physica dimensions).
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Notes:

This mass axis correction procedure can also be triggered at any time, by
itself, using the RS and RI commands with no parameters (See Tuning
commands).

The correction procedure is aso automatically performed at the beginning of
al analog and histogram scans. However, no correction is performed at the
beginning of single mass measurements since the extra checking would
significantly extend the time it would take the measurement to be completed.

Please see the Peak Tuning section of the RGA Tuning chapter for more
details on mass axis calibration requirements under small and large
temperature fluctuations in the RGA Head.

Remember that the CA command turns off the RF/DC voltages at the
end of execution.

Parameters: Only one possible command format is alowed
CA
Error Checking:

An attempt to pass any parameter with CA results in a bad-parameter error being
reported.

CL
Description: Calibrate Electrometer’s |-V response.

Echo: STATUS error byte.
Perform a complete calibration of the electrometer’s I-V response.

The calibration procedure calibrates the output of the electrometer against input
current over its entire operating range, and stores a cdibration table in the non-
volatile memory of the RGA Head. Instead of simply relying on theintrinsic
logarithmic 1-V behavior of the electrometer, a digital logarithmic
interpolation algorithm cal culates the currents from the calibration curve
during measurements.

The procedure takes several seconds (longer when CDEM option is installed) and
its completion is signaled to the host computer by returning the STATUS byte
value.

Important:

The electrometer is designed for maximum long term stability, however, it is
good practice to recdibrate it periodically, particularly in the presence of a
large change in the operating temperature of the RGA Head.
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All offset correction factors previously stored in memory are cleared after a
complete calibration of the electrometer is performed (see CA command for
more information).

Parameters: Only one possble command format is allowed
CL

Error Checking:
An attempt to pass any parameter with CL results in a bad-parameter error being
reported.

HVparam, param: 0 - 2490, *, ?
Description:  Electron Multiplier High Voltage Bias setting.

Echo: STATUS error byte or Query Response.

Set a negative high voltage across the electron multiplier (CDEM), connect the
CDEM signal output to the electrometer and reconfigure the electrometer and
current measurement algorithms to handle negative eectron currents. The
parameter value represents the magnitude of the bias voltage in units of Volts.

Warning: Thiscommand only worksin heads with the CDEM option
(Option 01) installed (See MO command.)

Since the CDEM turnsion signals into amplified electron currents, the RGA head
automatically reconfigures the el ectrometer to measure negative currents when a
finite biasing voltage is selected. The current measurement algorithm is also
automatically reconfigured so that the magnitude of the currents measured is
transmitted over RS232. The host computer can then handle the amplified signas
the same way it did with the positive ion currents (i.e. it does not need to flip the
sign of the currents received).

The HV_LED reflects the status of the CDEM bias at all times.

Since it takes time for the CDEM and for the electrometer to settle, completion of
the command is prompted to the host computer transmitting the STATUS byte
vaue over RS232.

Important:

Faraday Cup detection is the default setting upon a power-on reset of the
RGA head.

The voltage set by this command is the output of the high voltage power
supply. A IMOhm resistor is placed between that output and the CDEM’ s
cone. CDEM's typicaly have an internd resistance in the order of 100-2500
MOhm, and consequently the voltage measured on the CDEM will dways
have a magnitude smaller than the value returned by a HV? command (i.e.
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the CDEM becomes part of avoltage divider in conjunction with the IMOhm
resistor).

It is good practice to readjust the Zero of the ion detector every time the type
of detector (FC or CDEM) is changed. Thisis particularly important if the
new detector settings have not been used in along time or since the unit was
turned on or recalibrated with the CL command. See the CA command for
details and more recommendations.

Parameters:

HVO0: Use this parameter value to “turn off” the Electron Multiplier and enable
Faraday Cup (FC) Detection. The following steps are taken:

The biasing voltage of the CDEM is st to Zero (i.e. no ion collection and no
gain).

The electrometer is connected to the FC signa output and reconfigured to
Mmeasure positive currents.

The firmware algorithms are reconfigured to transmit the magnitude of the
positive currents measured.

The HV_LED isturned off.

The STATUS Byte is sent out to prompt the end of the command
HVparam, param: 10-2490: The parameter is the magnitude of the CDEM
bias voltage requested (the actual biasing voltage is negative). The following steps
are taken:

The requested biasing voltage is set on the CDEM.

The electrometer is connected to the CDEM anode and reconfigured to
measure negative currents.

The firmware agorithms are reconfigured to transmit the magnitude of the
negative currents measured.

The HV_LED isturned on.
The STATUS Byteis sent out to prompt the end of the command

HV*: The command is excecuted with the default parameter value.

Default: 1400 (Volts)

HV?: Returns the magnitude of the biasing voltage on the CEM.
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The number returned by the query command is the actud voltage available at the
output of the HV driver and will always be very close but rarely identical to the
one requested with the HV param command.

Error Checking:

The CDEM option (Option 01) must be available in the RGA head receiving the
command or a bad-command error is reported (see MO command for details).
Number parameters must be within the accepted range, and must be integers.
No parameter (i. e. HV) is treated as a bad-parameter error.

Bit3 of STATUS (transmitted at the end of the command) reports errors in the

excecution of the command. CEM_ERR byte must be consulted to find out the
specific problem encountered ( See EM?in Error Reporting command list).

MO?

Description: Electron Multiplier Option Query.
Echo: Query Response.
Query the eectron multiplier (CDEM) option in the RGA unit being programmed.

The RGA is provided standard with a Faraday Cup detector. For increased
sengitivity and faster scan rates an optional CDEM s offered. The MO?
command can be used to determine whether Electron Multiplier detection is an
option in the RGA being programmed.

Note: See also EM? command in the Error Reporting commands list for an
aternative way to query the CDEM option.

Parameters:
Query isthe only possible format: M O?
The value returned over RS232 in ASCII format has two possible vaues:

O<LF><CR> No CDEM option is available.
1<LF><CR> CDEM option is available.

Error checking:
Command must have a query format or a bad parameter error is reported.

NFparam, param: 0-7,* ?

Description: Electrometer’s Noise-floor setting.

Echo: Query Response
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Set the rate and detection limit for ion current measurements.

A decrease in the Noise-Floor setting results in cleaner baselines and lower
detection limits during scans and measurements, but also means longer
measurement and scanning times due to the reduced bandwidth of the
electrometer and increased averaging.

The NF parameter must be chosen keeping in mind the strong interplay between
detection limit and acquisition speed.

Histogram scans, analog scans, single-mass measurements and total pressure
measurements all share the same value of NF setting during measurements.

Important: The NF parameter is set to its default value when the RGA is turned
on.

It is good practice to readjust the Zero of the ion detector every time the
electometer’ s noise floor setting is changed. Thisis particularly important if the
new detector settings have not been used in along time or since the unit was
turned on or recalibrated with the CL command. See the CA command for details
and more recommendations.

RGA Windows note: When using the RGA Windows program to operate the
RGA, the Scan Speed parameter 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.

Parameters:
NFparam, param: O-7: The parameter represents the noise-floor level desired.

Lower parameter values correspond to lower baseline noise, better detection
limits and increased measurement times.

Please refer to the Electrometer section of the RGA Electronics Control Unit
chapter to obtain detailed information about detection limits and bandwidth values
as afunction of NF settings.

NF*: The noise-floor is st to its default value.

Default value: 4.
NF?: Returns the noise-floor setting currently used by the electrometer .
Error checking:

Number parameters must be within the specified range, and be integers.
The absence of a parameter (i. e. NF) istreated as an error.
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Scan and Measurement Commands

AP?

Description: Anaog Scan Points Query.
Echo: Query Response.

Query the total number of ion currents that will be measured and transmitted
during an analog scan under the current scan conditions.

Important: The query response does not include the extra current (4 bytes)
corresponding to the total pressure measurement performed at the end of all
analog scans (Please see SC command for details).

The number of points (i.e. ion currents) retuned over RS232 is calculated based
on the M1, MF and SA parameter values. Number of points = (MF - MI) * SA +
1. Thefirst point corresponds to the mass MI and the other (MF-MI1)* SA are
from scanning to MF with SA measurements (steps) per amu. Each point
transmitted represents an ion current and as such corresponds to 4 bytes being
received by the host computer.

The AP query is used to verify that the RGA and the host computer agree on the
number of bytes that will be exchanged over RS232 during the analog scan.

The total number of bytes sent out to the host computer during an analog scan is
obtained multiplying by four the number returned by the AP query.

Parameters: This command is a query, and can only have one parameter format:
AP?
Error checking:

The only acceptable parameter is a question mark.
The absence of a parameter (i. e. AP) istreated as an error.

HP?

Description: Histogram Scan Points Query.
Echo: Query Response

Query the number of ion currents that will be measured and transmitted during a
histogram scan under the current scan conditions.

Important: The query response does not include the extra current (4 bytes)
corresponding to the total pressure measurement performed at the end of all
histogram scans. (Please see HS command for details).
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The number of points (ion currents) retuned over RS232 is calculated based on
the M1 and MF parameter values. Number of points = MF - M1 + 1. Each point
transmitted represents an ion current and as such corresponds to 4 bytes being
received by the host computer.

The HP query is used to verify that the RGA and the host computer agree on the
number of bytes that will be exchanged over RS232 during the histogram scan.

The total number of bytes sent out to the host computer during an histogram scan
is obtained multiplying by four the number returned by the HP query.

Parameters: This command is a query, and can only have one parameter format:
HP?
Error checking:

The only acceptable parameter is a question mark.
The absence of a parameter (i. e. HP) is treated as a Bad-Parameter error.

HSparam, param:0 - 255*
Description: Histogram Scan Trigger.

Echo: lon Currents.

Excecute one or multiple Histogram Scans under the present scan conditions.
The scan parameter can be set for single, multiple and continuous scanning
operation.

A Histogram Scan consists of as a succession of individual mass measurements
(see MR command) over a pre-specified mass range.

The mass range for the scan is set in advance with the commands M1 (Initial
Mass) and MF (Fina Mass). The type of detector and noise-floor settings to be
used during the scan must be selected in advance with the NF and HV
commands. A current value is transmitted for each integer mass value between
M1 and MF for atota of (MF-MI +1) measurements (See HP command).

For maximum data throughput, ion currents are represented as integers in units of
10" Amps, and transmitted directly in hex format (four byte integers, 2's
complement format, Least Significant Byte first).

Important:

Any command received by the RGA in the middle of a scan will immediately
stop the scan, halt transmission and clear the RGA' s transmit buffer.
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The detector’ s zero and the internal scan parameters are checked and
corrected at the beginning of each scan resulting in a dight delay before the
scan actualy starts.

A Total Pressure measurement is performed at the end of each scan
and transmitted out to the host computer (Please see HP and TP
Commands).

The measurements are performed with the detector that is active at the time
the scan is triggered.

Parameters:

H'S: Continuous scanning mode. The RGA produces a continuous string of
histogram scans.

A new command must be sent to the RGA in order to stop the scanning activity.
Once the command is received, the scan isimmediately stopped, al transmission
is hated and the transmit buffer is flushed (all remaining data is lost). The new
command which stopped the scan is executed after the buffer is flushed

HS0: Do nothing command. Commonly used to interrupt continuous scanning
mode.

HSparam, param:1-255: Multiple scans. The number of scans specified by the
parameter is executed. Scanning isimmediately stopped when a new command is
received as in the case of continuous scanning.

HS*: The default parameter value is used for multiple scan excecution.
Default parameter value: 1 (single scan)

Error checking:
Number parameters must be within the specified range, and be integers.
No query format is allowed

Programming Tips:

Any command received by the RGA while scanning will immediately stop the
scanning process and clear the RGA'’ s transmit buffer. Remember to aso
clear the computer’ s receive buffer to reset the communications. The new
command which stopped the scan is executed after the RGA Head buffer is
flushed.

It is good practice to perform an analog scan before triggering alarge set of
histograms to assure the correct tuning (i.e. correct peak locations and
widths) of the quadrupole mass spectrometer. Perform a complete Peak
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Tuning Procedure as described in the RGA Tuning chapter of this manual if
shiftsin the peak locations are observed.

The RGA has the ability to store a complete scan in its output buffer. The
scan remains in memory until al the datais transmitted out to the host
computer over RS232. As aresult of the high acquisition rate of the RGA
there might be a delay between the time at which the datais collected and the
time a which a complete spectrum is displayed by the host computer. The
time lag between data acquisition and display depends on alarge number of
factors including the scan rate (NF setting) of the RGA, the host computer’s
processing speed, and the amount of handshaking activity over the RS232
lines.

Before a new scan starts the RGA checks its internal memory to make sure
that no data from any previous scan is pending to be transmitted. If dataiis
still pending, the RGA must finish transmitting it before the new scan can
start. This process may result in a delay from the time the scan trigger is
received to the time it actualy starts. Using the HS1 command and waiting
until the whole scan data stream is transmitted back to the host computer will
minimize the problems that are associated to this feature.

MFparam, param: 1-M_MAX, *, ?
Description: Find Mass (amu) of mass spectra (Analog and Histogram).

Echo: Query Response
Set the Final Mass value (in amu) for Analog and Histogram scans.

The last ion current transmitted during an Anaog or Histogram scan corresponds
the mass-to-charge ratio specified by the MF parameter.

Important: Note that the fina mass setting is shared by both histogram and
analog scans, and must be an integer number.

Parameters: Three possibilities :

MFparam, param: 1- M_MAX: The parameter represents the final scan
mass in amu units. The upper mass limit depends on the RGA model number:

The upper mass limit depends on the SRS RGA model number: M_MAX=100
for RGA100, 200 for RGA200 and 300 for the RGA300 units.

MF*: Thefinal massvaueis set to its default value.

Default valuee M_MAX=100 for RGA 100, 200 for RGA200 and
300 for the RGA300.

MF?: Query the value of final mass to be measured during scans.
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Error checking:

Number parameters must be within the specified range, and be integers.
The mass value set by MF must aways be greater than or equa to the initial
mass setting of M1 or else a parameter-conflict communications error is
generated.

The absence of a parameter (i.e. MF) is treated as a bad-parameter error.

Mlparam, param: 1 - M_MAX, *, ?
Description: Initid Mass (amu) of mass spectra (Analog and Histogram).

Echo: Query Response.
Set the Initial Mass value (in amu) for Analog and Histogram scans.

Thefirst ion current transmitted during an analog or histogram scan corresponds
the mass-to-charge ratio specified by the M| parameter.

Note that the initial mass setting is shared by both Histogram and Analog scans,
and must be an integer number.

Parameters:

MIlparam, param: 1-M_MAX: The parameter represents the initial scan mass
in amu units.

The upper mass limit depends on the SRS RGA model number: M_MAX=100 for
RGA 100, 200 for RGA 200 and 300 for the RGA300.

M1*: Theinitid massvaueis set to its default vaue.
Default vaue: 1.
M1 ?: Returns the value of initial mass to be measured during scans.
Error checking:
Number parameters must be within the specified range, and be integers.
The mass value set by MI must always be less than or equal to the final mass

setting MF or else a parameter-conflict communications error is generated.
The absence of a param (i.e. M) generates a bad parameter error .

MRparam, param:0 - M_MAX
Description: Single Mass Measurement

Echo: lon Current

Excecute a single ion current measurement at a specified mass setting. The
parameter is the integer mass number (mass-to-charge ratio in amu units) at
which the measurement is performed.
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The type of detector and noise-floor settings to be used by the measurement must
be selected in advance with the NF and HV commands.

The precision and duration of the measurement are totally determined by the NF
parameter value. The scan rates and signal-to-noise ratios for the different NF
settings of the electrometer are listed in atable in the Electrometer section of the
“RGA Electronic Control Unit” chapter. The command execution time includes
some initiad time spent waiting for the Quadrupole Mass Filter and the
electrometer response to settle. As usual, a compromise must be made between
signal-to-noise and measurement time.

Theion current is expressed in the usua format: 4 byte long, 2's complement
integer in units of 10™° A, with Least Significant Byte transmitted first.

Important:

During a Single Mass Measurement 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 massesin 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
selects the maximum current from 7 individual measurements performed at
0.1 amu mass increments.

The detector settings (i.e. type of detector and noise-floor setting) to be used
during the measurement must be selected in advance with the NF and HV
commands, otherwise, the measurements are performed with the detector
settings at the time the scan is triggered.

The ion detector can be zeroed, prior to the measurements, performing an
analog or histogram scan or using the CA command, under the same detector
settings. (An offset-correction factor is calculated and stored in memory that
it is then automatically used by the Miniscan procedure to correct al ion
currents measured). The CA command will also update the internal scan
parameters to assure that the correct RF levels (i.e. as specified by the last
Peak Tuning procedure) are programmed on the RF rods as a function of
mass during the Miniscan.

Parameters:

MRO: The RF/DC voltages are completely shut down and no measurement is
performed (no ion current is transmitted back to the host computer).

Use this command format at the end of a set of single mass measurements to
make sure the RF/DC are completely turned off.
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MRparam, param:1- M_MAX : A Miniscan is performed around the mass
number selected by the parameter and the maximum ion current is sent out over
RS232.

The upper mass limit depends on the SRS RGA model number: M_MAX=100 for
RGA 100, 200 for RGA 200 and 300 for the RGA300.

Error Checking:
The command does not accept query or default parameters.

Programming tips:

Single mass measurements are commonly performed in sets where severa
different masses are monitored sequencialy and in a merry-go-round fashion.
For best accuracy of results, it is best to perform the consecutive mass
measurements in a set with the same type of detector and at the same noise
floor (NF) setting. Fixed detector settings eliminate settling time problemsin
the electrometer and in the CDEM’s HV power supply.

It is good practice to perform an analog scan before triggering along set of
measurements to assure the correct tuning (i.e. correct peak locations and
widths) of the quadrupole mass filter. Perform a complete Peak Tuning
Procedure as described in the RGA Tuning chapter of this manual if shiftsin
the peak locations are observed.

The RF/DC voltages are left on at the end of a single mass measurement.
Use the MRO command at the end of a set of measurements and
befor e quitting a program to make sure the RF/DC voltages are
turned off.

SAparam, param: 10 - 25, *, ?
Description: Steps per amu of analog scan.

Echo: Query Response.

Set the number of steps excecuted per amu of analog scan. The parameter
specifies the number of steps-per-amu.

During an analog scan the quadrupole mass filter is stepped at fixed mass
increments through the mass range specified by the Ml and MF commands. An
ion current is measured after each step and transmitted to the host computer over
RS232. SA programs the number of steps excecuted by the RGA per amu of
analog scan. The fixed mass-increment corresponding to each analog scan step is
equal to the inverse of the SA parameter value. Since the RGA is usually
operated at unit mass resolution throughout its available mass range, the
parameter value can aso be interpreted as the approximate number of ion
currents to be collected for each mass peak in the spectrum.
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Parameters:

SAparam, param: 10-25: The parameter specifies the number of steps-per-
amu desired during analog scans.

SA*: The number of points per amu valueis s&t to its default value.
Default: 10

SA?: Query. Returns the SA parameter value currently in use by the analog
scans.

Error checking:
Number parameters must be integers and within the specified range.
The absence of a parameter (i. e. SA) istreated as an error.

SC[param], param: O -

255, *
Description:  Analog Scan Trigger.

Echo: lon Currents
Excecute one or multiple analog scans under the present scan conditions.

The scan parameter can be set for single, multiple and continuous scanning
operation.

Andog scanning is the most basic operation of the RGA as a quadrupole mass
spectrometer. During anaog 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. The mass range for the scan is set in advance with the
commands Ml (Initial Mass) and MF (Final Mass) and the mass-increments are
fixed with the command SA. Scan rate and detection limits are pre-programmed
by the NF (Noise Floor) setting. A current value is transmitted for M| and after
each mass increment through MF for atotal of (MF-MI )* SA+1 measurements
(See AP query command).

Theion currents are represented as integersin units of 0.1 fA, and transmitted
directly in Hex format ( four byte integers with 2's complement format and Least
significant byte first).

The type of detector and noise-floor settings to be used during the scans must be
selected in advance with the NF and HV commands.
Important:

Any command received by the RGA in the middle of a scan will immediately
stop the scan, halt transmission and clear the RGA' s transmit buffer.
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The detector’ s zero and the internal scan parameters are checked and
corrected at the beginning of each scan resulting in a dight delay before the
scan actualy starts.

A Total Pressure measurement is performed at the end of each scan
and transmitted out to the host computer (Please see AP and TP
Commands).

Unless otherwise specified, the measurements are performed with the
detector settings that are present at the time the scan is triggered.

Parameters:

SC: Continuous scanning mode. The RGA produces a continuous string of analog
scans.

A new command must be sent to the RGA in order to stop the scanning activity.
Once the command is received, the scan isimmediately stopped, al transmission
is hated and the transmit buffer is flushed (all remaining data islost). The
stopping command is executed after the scan is stopped.

SCO: Commonly used to interrupt continuous scanning mode.

SCparam, param: 1 - 255: Multiple scans.The number of scans specified by
the parameter is executed. Scanning isimmediately stopped when a new
command is received as in the case of continuous scanning.

SC*: The default parameter value is used for multiple scan excecution.
Default parameter value: 1 (single scan)

Error checking:
Number parameters must be integers and within the specified range.
No query format is alowed for the parameter.

Programming Tips:

Any command received by the RGA while scanning will immediately stop the
scan process and clear the RGA’ s transmit buffer. Remember to also clear
the computer’ s receive buffer to reset the communications. The new
command which stopped the scan will be excecuted.

The RGA has the ability to store a complete scan in its output buffer. The
scan remains in memory until al the datais transmitted out to the host
computer over RS232. As aresult of the high acquisition rate of the RGA
there might be a delay between the time at which the data is collected and the
time at which a complete spectrum is displayed by the host computer. The
time lag between data acquisition and display depends on a large number of
factors including the scan rate (NF setting) of the RGA, the host computer’s
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processing speed, and the amount of handshaking activity over the RS232
lines.

Before a new scan starts the RGA checks its internal memory to make sure
that no data from any previous scan is pending to be transmitted. If datais
till pending, the RGA must finish transmitting it before the new scan can
start. This process may result in a delay from the time the scan trigger is
received to the time it actualy starts. Using the SC1 command and waiting
until the whole scan data stream is transmitted back to the host computer will
minimize the problems that are associated to this feature.

Perform a complete Peak Tuning procedure on the RGA Head if the peaks
in the spectrum do not appear at their correct mass values (See Peak Tuning
section in the RGA Tuning chapter).

TP?, TPO, TP1

Description: Tota Pressure Measurement .
Echo: Measured Ion Current.
Perform a Total Pressure measurement or toggle the TP_Flag on/off.

Total pressure measurements are automatically requested at the end of each
analog and histogram scan, and can aso be triggered directly by the user with the
TP? command. The response of the RGA to a Total Pressure measurement
request depends on the status of TP_Flag at the time the measurement is
requested:

TP_Flag: 1  The measurement is performed and the total ion current is
transmitted.

TP_Flag: 0 No actua measurement is performed but a null current is till
sent out over RS232.

TP_HFag is set upon a power-on reset and cleared when the CDEM s activated.
It can also be toggled on/off by the user with the TP command.

The total ion current measured by the elctrometer is transmitted in the standard
format : Integer in units of 10%° A, 4 Bytes long, 2's complement format, with the
Least significant byte transmitted first.

Notes:

While performing atota pressure measurement the RF in the quadrupole
mass filter is set to 1 amu and the DC bias is zeroed. All ionic species have
stable trgjectories down the filter under those conditions and reach theion
current detector with different efficiencies.
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TP_Flag is cleared whenever the CDEM is turned on to protect the
multiplier fromlargeion currents. TP1 can be used to reset TP_Flag to
one after making sure the total pressureisin a*“ safe” range for the
CDEM.

The sengtivity of the RGA for total pressure measurements will usualy be
affected after mass axis recalibrations. Check the sensitivity calibration after
any peak tuning procedure.

Important: The sengitivity factor for the TP measurements is highly mass
dependent. The additional mass discrimination that takes place in the filter results
in the mass dependence of the RGA readings being very different from that of
the Bayard Alpert gauge readings. Expect to see deviations between the two
gauges as the composition of a residual gas changes.

Parameters:

TPO: TP_Fagiscleared. Total Pressure measurement is disallowed and a nulll
current value is returned as a response to atotal Pressure Measurement request
(note that this includes the total pressure measurement requests at the end of
scans!).

TP1: TP_Fagisset. Tota pressure measurement is fully enabled.

TP?. Total Pressure query. A total pressure measurement istriggered and a
total ion current value is returned over RS232. The actua response to the
command depends on the status of TP_Flag as described above.

Error Checking:
The absence of a parameter is considered an error.
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Parameter

Storage Commands

MGparam, param: 0.0000 - 2000.0000,?

Description: Electron Multiplier Gain Storage.
Echo: Query Response.

Storeavalue of eectron multiplier (CDEM) Gain, expressed in units of
thousands, in the non-volatile memory of the RGA head.

The command is typically used together with the MV instruction to store
calibrated sets of [High Voltage and gain] for the Electron Multiplier.

Important: The gainis not used internaly by the RGA to correct the ion currents
measured with the Electron Multiplier, it is smply stored so it can be read and
used by any host computer connected to the instrument.

As expected, this command is only available in heads with a CDEM option
(Option 01) installed (See MO command for details).

Parameters:

M Gparam, param: 0.0000-2000.0000: The parameter, interpreted as a
CDEM gain in units of thousands, is stored in the non-volatile memory of the
head.

MG?: Electron Multiplier Gain parameter query.

Error checking:

The absence of a parameter (i. e. MG) is treated as an error.

No default value is available.

A bad-command communications error is reported when this command is invoked
in aunit with no CDEM option ingtalled (See MO command).

MVparam, param: O -

2490,?
Description:  Electron Multiplier Bias Voltage Storage.

Echo: Query Response

Store avaue of Electron Multiplier (CDEM) Bias Voltage, in units of Volts, in
the non-volatile memory of the RGA heed.

The command is typicaly used together with the MG instruction to store
calibrated sets of [Bias Voltage and gain] for the Electron Multiplier.

Important: The voltage value is not used internally by the SRS RGA to st the
bias voltage of the Electron Multiplier, it is Ssmply stored so it can be read and
used by a host computer.
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As expected, this command is only available in heads with a CDEM option
installed (See MO command for details).

Parameters:

MVparam, param: 0-2490: The parameter, interpreted as a CDEM bias
voltage in units of Valts, is stored in the non-volatile memory of the head.

MV?: CDEM Bias voltage query.

Error checking:

The absence of a parameter (i. e. MV) is treated as an error.

No default value is available.

A bad-command communications error is reported when this command is invoked
in aunit with no CDEM option ingtalled.

SPparam, param:0.0000 - 10.0000, ?
Description: Partia Pressure Sensitivity Factor storage and query.

Echo: Query Response

Storeavaue of Partia Pressure Sengitivity, expressed in units of mA/Torr, in the
non-volatile memory of the SRS RGA head.

Important: The sengitivity factor is not used internaly by the RGA to turnion
currents into partial pressures, it is smply stored in memory so it can be read and
used by any host computer connected to the instrument (See HV command.)

Partial Pressure Sengitivity factors are gas specific, probe specific, and highly
dependent on the ionizer and quadrupole mass filter conditions and on aging of the
probe.

Note: The parameter value loaded at the factory isthe partial pressure sensitivity
factor for N, under default ionizer conditions.

Parameters:

SPparam, param:0.0000 - 10.0000: The parameter, interpreted as a partial
pressure sendtivity factor in units of mA/Torr, is stored in non-volatile memory of
the head. . Typical valueis 0.1 under default ionizer settings.

SP?: Partial Pressure Sengitivity factor query.
Error checking:

Parameter must be within specified range.
No default value is available.

STparam, param:0.0000 - 100.0000, ?
Description: Tota Pressure Sensitivity Factor storage.
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Echo: Query Response

Storeavaue of Tota Pressure Sengtivity, expressed in units of mA/Torr, in the
non-volatile memory of the SRS RGA head.

Important: The sengtivity factor is not used interndly by the RGA to turn ion
currentsinto total pressures, it is smply stored so it can be read and used by any
host computer connected to the instrument.

Tota Pressure Sengitivity factors are gas specific, probe specific, and highly
dependent on the ionizer conditions and on aging of the probe.

Note: The parameter |oaded at the factory is the total pressure sensitivity factor
for N2 under default ionizer conditions.

Parameters:

STparam, param:0.0000 - 100.0000: The parameter, interpreted as a total
pressure sengtivity factor in units of mA/Torr, is stored in non-volatile memory of
the head. Typical valueis 0.01 under default ionizer settings.

ST?: Tota Pressure Sengitivity factor query.
Error Checking:

Parameter must be within specified range.
No default value is available.
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Mass Filter Control Commands

MLparam, param: 0.0000 - M_MAX
Description: Mass Lock

Echo: none

Activate the quadrupole mass filter (QMF) and center its pass-band at the mass
value specified by the parameter. The QMF is parked at the mass requested but
no ion current measurements take place.

The parameter is areal number and the mass increments are limited to a
minimum vaue of 1/256 amu.

The command excecution involves two steps:

1. The RF/DC levels corresponding to the mass requested are calculated and
set on the QMF rods based on the mass axis calibration parameter values
specified by the last Peak Tuning procedure.

2. Thefirmware stabilizes the voltage output of the RF Driver’s controller
against temperature fluctuations. The result is very stable RF/DC levels that
are highly insengitive to the operating conditions of the RGA Head.

Important: The RF/DC stabilization algorithm (Step 2 above) remains active as
long as no new commands are detected by the RGA Head. Once a new
command is received, stabilization stops, and the new command is executed.

Use the MLO command to turn off the RF/DC bias when finished performing
measurements and before quitting the program controlling the RGA.

Parameters:
ML 0.0000: The RF/DC voltages are completely turned off.

MLparam, param: 0.0040 - M_MAX: The parameter represents the mass
setting for the QMF in amu units. The minimum mass increment value is 1/256
amu.

The upper mass limit depends on the RGA model number: M_MAX=100 for
RGA100, 200 for RGA200 and 300 for RGA300.

Error checking:
Parameters must be numbers within the specified range.
The absence of a parameter (i.e. ML ) generates a bad parameter error .
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Error Reporting Commands

EC?

Description: RS232_ERR Byte Query
Echo: RS232_ERR Byte.

Query the value of the RS232_ERR byte. The value of the RS232_ERR byteis
sent to the computer in ASCII format and with a <L F><CR> terminator.
RS232 ERR and bit 0 of STATUS are then cleared to provide a clean error
reporting date.

Important: See “Troubleshooting the RGA Communications’ in the RGA
Programming chapter for more details on the use of this query.

Parameters: This command is a query, and can only have one parameter format:
EC?
Error checking:

The only acceptable parameter is a question mark.
The absence of a parameter (i. e. EC) istreated as a bad-parameter error.

ED?

Description: DET_ERR Byte Query
Echo: DET_ERR Byte.

Query the value of DET_ERR and update its value after running a fresh check
on the Electrometer (Bit5 of STATUS and the DET_ERR byte are updated
based on the tests results). The DET_ERR byte value is returned to the computer
in ASCII format and with a <L F><CR> terminator. No errors are present as long
asthe byte vaueis zero.

Consult the Error Byte Definitions section in this chapter for detatils on the
different error bytes of the RGA.

Consult the RGA Troubleshooting chapter of this manual for possible causes and
solutions to any problems reported.

Always try the query a second time before declaring a hardware problem.

Important: The electrometer is not affected by this test, and the detector is
restored to its pre-test configuration once the command excecution is over.

Parameters: This command is a query, and can only have one parameter format:

ED?
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Error checking:
The only acceptable parameter is a question mark.
The absence of a parameter (i. e. ED) is treated as a bad-parameter error.

EF?
Description: FIL_ERR Byte Query
Echo: FIL_ERR Byte.
Query the value of FIL_ERR.
The FIL_ERR byte value is returned to the computer in ASCII format and with a
<LF> terminator.
FIL_ERR can only be modified by the “Filament Protection Mode” which
constantly monitors the filament while it is emitting electrons. No errors are
present as long as the byte value is zero. A non-zero FIL_ERR byteis only
cleared after the filament’s heater succesfully (i.e. no detected errors) establishes
afinite electron emission current.
Consult the Error Byte Definitions section of this chapter for detatils on the
different error bytes of the RGA.
Consult the RGA Troubleshooting chapter of this manua for possible causes and
solutions to any problems reported.
Parameters: This command is a query, and can only have one parameter format:

EF?

Error checking:
The only acceptable parameter is a question mark.
The absence of a parameter (i. e. EF) istreated as a bad-parameter error.

EM?

Description: CEM_ERR byte Query
Echo: CEM_ERR Byte.
Query the value of CEM_ERR.

If no electron multiplier (CDEM) is available, the absence of the CDEM is
reported setting bit 7 of CEM_ERR before the byte value is transmitted.

In al cases, the CEM_ERR byte value is sent to the computer in ASCII format
with a<LF><CR> terminator. CEM_ERR and Bit 3 of STATUS are then
cleared.
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This query command can be used to determine whether the CDEM option is
ingtalled in the RGA unit being programmed: A CDEM option is available if Bit 7
of CEM_ERR is cleared when the byte is queried (See also MO command).

Parameters: This command is a query, and can only have one parameter format:
EM?
Error checking:

The only acceptable parameter is a question mark.
The absence of a parameter (i. e. EM) is treated as a bad-parameter error.

EP?

Description: PS_ERR Byte Query.
Echo: PS_ERR Byte.

Query the value of PS_ERR and update its value after running a fresh check on
the 24V External Power Supply (Bit6 of STATUS and the PS_ERR byte are
updated based on the tests results). The PS_ERR byte value is returned to the
computer in ASCII format and with a <LF><CR> terminator. No errors are
present as long as the byte value is zero.

Consult the Error Byte Definitions section of this chapter for detatils on the
different error bytes of the RGA.

Consult the RGA Troubleshooting chapter of this manual for possible causes and
solutions to any problems reported.

Always try the query a second time before declaring a hardware problem.

Parameters: Thiscommand is a query, and can only have one parameter format:
EP?

Error checking:

The only acceptable parameter is a question mark.
The absence of a parameter (i. e. EP) is treated as a bad-parameter error.

EQ?

Description: QMF_ERR Byte Query.
Echo: QMF_ERROR Byte.

Query the value of QMF_ERR and update its value after running a fresh check
on the Quadrupole Mass Filter’s RF Power Supply (Bit4 of STATUS and the
QMF_ERR byte are updated based on the tests results). The QMF_ERR byte
value is returned to the computer in ASCII format and with a <LF><CR>
terminator. No errors are present as long as the byte value is zero.
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Consult the Error Byte Definitions section of this chapter for detatils on the
different error bytes of the RGA.

Consult the RGA Troubleshooting chapter of this manual for possible causes and
solutions to any problems reported.

Always try the query a second time before declaring a hardware problem.

Parameters: This command is a query, and can only have one parameter format:
EQ?

Error checking:

The only acceptable parameter is a question mark.
The absence of a parameter (i. e. EQ) is treated as a bad-parameter error.

ER?

Description: STATUS Byte Query.
Echo: STATUS Byte.
Query the value of the STATUS Error byte.

The STATUS byte value is returned to the computer in ASCII format and with a
<LF> terminator. No errors are present as long as the byte value is zero.

If one or more bits of the STATUS byte are found set, the specific error bytes
(PS_ERR, DET_ERR, QMF_ERR, CEM_ERR, FIL_ERR, and RS232_ERR)
must be queried individually to diagnose the problem.

Consult the Error Byte Definitions section of this chapter for detatils on the
different error bytes of the RGA.

Consult the RGA Troubleshooting chapter of this manual for possible causes and
solutions to any problems reported.

Important: Sinceinternal checks are constantly being performed within the RGA
Head, the STATUS Byte should be queried regularly by the programming
software to detect any possible problems.

Parameters: This command is a query, and can only have one parameter format:
ER?
Error checking:

The only acceptable parameter is a question mark.
The absence of a parameter (i. e. ER) is treated as a bad-parameter error.
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Tuning Commands

CE?

Description: Cdibration Enable Query.
Echo: JP100 setting.

Query the Calibration Enable/Disable jumper (JP100) status. Aninterna jumper (JP100)
on the digital (i.e. top) electronics board of the RGA’s ECU box can be configured by the
end-user to enable/disable the modification of the peak tuning parameters. The CE query
command returns the JP100 setting in ASCII format with a <LF><CR> terminator. The
two options for the query response are:

0. JP100 jumper isin the Calibration Disabled position. Peak Tuning Parameters
protected by the JP100 jumper.

1. JP100 jumper isin the Cdibration Enabled position. Peak Tuning Parameters not
protected by the JP100 jumper.

Parameters: Only one possible command format is alowed
CE?
Error Checking:

The only acceptable parameter is a question mark. The absence of a parameter (i. e.
EC) istreated as a bad-parameter error.

Dilparam, param: O - 255, *, ?

Description: DI Parameter adjust (Peak Width Tuning command).
JP100 Jumper protected.

Echo: Query Response.

Program the value of DI during the Peak Width Tuning Procedure. The parameter (one
of four peak tuning parameters) represents the DI vaue, in bit units.

Warning: Please read the Peak Tuning Section of the RGA Tuning Chapter before using
this command.

The RGA Head adjusts the DC levels of the quadrupole filter during measurements so
that constant mass resolution is automatically available throughout the entire mass range
of the spectrometer. The bulk of the DC voltage is supplied by a DC power supply whose
output is linearly related to the RF amplitude. The rest of the DC voltage (DC_Tweek) is
provided by the output of an 8 hit digital-to-analog converter (DAC). The firmware uses
two Peak Tuning Parameters : DI (Intercept) and DS (Slope), stored in the non-volatile
memory of the RGA, to calculate the 8 bit settings of the DAC according to the linear
equation:
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DAC8 (m) =DS m+ DI
where m isthe massin amu, and DAC8(m) is the 8 bit setting at that mass.

The purpose of the Peak Width Tuning Procedureisto determine the values of
DI and DS so that all the peaksin an analog spectrum have the desired peak
width (typically 1 amu).

The DI command is used to program the value of the DI peak tuning parameter during the
Peak Width Tuning Procedure. The value is saved in the non-volatile memory of the RGA
Head and used by the firmware to generate DAC8(m) during measurements.

Note to Supervisors: A cdibration disable jumper (JP100) available on the circuit board
can be used by a supervisor to block any attempt to modify the value of the DI parameter.
Supervisors may use this feature to prevent accidental changes in the calibration
parameters by inexperienced operators. Setting JP100 will disable peak tuning of the
Head.

Parameters:

Dlparam, param: 0- 255: If Cdlibration is enabled by the jumper JP100 (See CE
Command) the value of DI in non-volatile memory is updated and the internal scan
parameters used to program the DC during scans and single mass measurements are
updated accordingly.

DI*: Usethis format to replace the peak tuning parameter with the original factory setting
for DI. The factory value is retrieved from memory, and used as the new parameter value
to excecute the command as above

DI?: Query. Returns over RS232 the value of DI currently stored in memory.

Error checking:

The absence of a parameter (i. e. DI) istreated as an error in the parameter.
This parameter is protected by an internal jumper (JP100) and a Protection-Violation error
will result if the jJumper isin the Cdibration Disable mode (See CE command).

DSparam, param: -0.8500 - +0.8500, *, ?
Description: DS Parameter adjust (Peak Width Tuning command).
JP100 Jumper protected.

Echo: Query Response.

Important:

RGA200 DS range: -1.2750 - +1.2750
RGA100 DS range: -2.5500 - +2.5500

Program the value of DS during the Peak Width Tuning Procedure. The parameter (one
of four peak tuning parameters) represents the DS value, in units of bitsamu.
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Warning: Please read the Peak Tuning Section of the RGA Tuning Chapter before using
this command.

The RGA Head adjusts the DC levels of the quadrupole filter during measurements so
that constant mass resolution is automatically available throughout the entire mass range
of the spectrometer. The bulk of the DC voltage is supplied by a DC power supply whose
output is linearly related to the RF amplitude. The rest of the DC voltage (DC_Tweek) is
provided by the output of an 8 bit digital-to-analog converter (DAC). The firmware uses
two Peak Tuning Parameters : DI (Intercept) and DS (Slope), stored in the non-volatile
memory of the RGA, to calculate the 8 bit settings of the DAC according to the linear
equation:

DAC8 (m)=DS " m + DI
where m is the mass in amu, and DAC8(m) is the 8 it setting at that mass.

The purpose of the Peak Width Tuning Procedure is to determine the values of DI and
DS so that al the peaks in an analog spectrum have the desired peak width (typicaly 1
amu).

The DS command is used to program the value of the DS peak tuning parameter during
the Pegk Width Tuning Procedure. The value is saved in the non-volatile memory of the
RGA Head and used by the firmware to generate DAC8(m) during measurements.

Note to Supervisors: A cdlibration disable jumper (JP100) available on the circuit board
can be used by a supervisor to block any attempt to modify the value of the DI parameter.
Supervisors may use this feature to prevent accidental changesin the calibration
parameters by inexperienced operators. Setting JP100 will disable peak tuning of the
Head.

Parameters:

DSparam, param: -0.8500 - +0.8500: If Cdlibration is enabled by the jumper JP100
(See CE Command) the value of DSin non-volatile memory is updated and the internal
scan parameters used to program the DC during scans and single mass measurements are
updated accordingly. RGA100 DS range: -2.5500 - +2.5500

DS*: Use this format to replace the peak tuning parameter with the origina factory
setting for DS. The factory vaueis retrieved from memory, and used as the new
parameter value to excecute the command as above.

DS?: Query. Returns over RS232 the parameter value currently saved in memory.

Error checking:
The absence of a parameter (i. e. DS) is treated as an error in the parameter.

This parameter is protected by an interna jumper (JP100) and a Protection-Violation error
will result if the jumper isin the Calibration Disabled mode (See CE command).
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Riparam, param: -86.0000 - +86.0000, *, ?, none
Description: RF_Driver output @ 0 amu (Peak Position Tuning command).
JP100 Jumper protected.

Echo: Query Response.

Warning: Please read the Peak Tuning Section of the RGA Tuning Chapter before using
this command.

Program the output of the RF_Driver @ 0 amu during a Peak Posion Tuning Procedure.
The parameter (one of four peak tuning parameters) represents the voltage output
selected for the RF_Driver @ 0 amu, inmV.

The magnitude of the RF determines the mass-to-charge ratio of the ions that can pass
through a quadrupole mass filter without striking the rods (i.e with stable oscillations). A
linear relationship between mass and RF amplitude is one of the most attractive features
of these type of filters.

The regulated output of the RF source that powers the RGA’ s quadrupole rods is
controlled by, and linearly related to, the voltage output of an RF_Driver circuit. A linear
relation exists between the output of the RF_Driver, the RF amplitude on the rods, and the
mass setting of the filter. The purpose of a Peak Position Tuning Procedureisto
determine the voltages that the RF Driver must output at 0 and 128 amu <o that dl the
peaks in an analog spectrum appear in the right position. The RI command is used to
program the voltage output of the RF_Driver @ 0 amu during the Peak Position Tuning
Procedure. The value is saved in the non-volatile memory of the RGA Head and used by
the firmware to generate the internal scan parameters used to step the RF during scans
and single mass measurements .

Note to Supervisors: A calibration disable jumper (JP100) available on the circuit board
can be used by a supervisor to block any attempt to modify the value of the DI parameter.
Supervisors may use this feature to prevent accidental changesin the calibration
parameters by inexperienced operators. Setting JP100 will disable peak tuning of the
Head.

Parameters:

Rlparam, param: -86.0000 - +86.0000: If Cdibration is enabled by the JP100 jumper
(See CE Command), the parameter is saved into the non-volatile memory of the RGA
Head and the interna scan parameters used to step the RF during scans and single mass
measurements are updated accordingly.

RI1*: Usethis format to replace the peak tuning parameter with the original factory setting
for the RF_Driver output @ 0 amu. The factory value is retrieved from memory, and
used as the new parameter value to excecute the command as above.

RI7?: Query. Returns over RS232 the parameter value currently saved in memory.
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RI: Usesthe current parameter value to recalculate the internal scan parameters used to
step the RF during scans and single mass measurements. Thisis often used to
compensate against small temperature drifts in the mass scale, caused by driftsin the
output of the RF_Driver.

Error checking:
The absence of a parameter (i. e. RI) istreated as an error in the parameter.

This parameter is protected by an internal calibration jumper (JP100) and a Protection-
violation error will result if the jumper isin the Calibration Disabled mode (see CE
command).

RSparam, param: 600.0000 - 1600.0000, *, ?, none
Description: RF_Driver output @ 128 amu (Pesk Position Tuning command).
JP100 Jumper protected.

Echo: Query Response.

Warning: Please read the Peak Tuning Section of the RGA Tuning Chapter before using
this command.

Program the output of the RF_Driver @ 128 amu during a Pesk Posion Tuning
Procedure. The parameter (one of four peak tuning parameters) represents the voltage
output selected for the RF_Driver @ 128 amu, in mV.

The magnitude of the RF determines the mass-to-charge ratio of the ions that can pass
through a quadrupole mass filter without striking the rods (i.e with stable oscillations). A
linear relationship between mass and RF amplitude is one of the most attractive festures
of these type of filters.

The regulated output of the RF source that powers the RGA’s quadrupole rodsiis
controlled by, and linearly related to, the voltage output of an RF_Driver circuit. Clearly, a
linear relation exists between the output of the RF_Driver, the RF amplitude on the rods,
and the mass setting of the filter. The purpose of a Pesk Position Tuning Procedure isto
determine the voltages that the RF Driver must output at O and 128 amu <o that al the
pesks in an analog spectrum appear in the right position. The RS command is used to
program the voltage output of the RF_Driver @ 128 amu during the Peak Position Tuning
Procedure. The value is saved in the non-volatile memory of the RGA Head and used by
the firmware to generate the internal scan parameters used to step the RF during scans
and single mass measurements .

Note to Supervisors: A cdibration disable jumper (JP100) available on the circuit board
can be used by a supervisor to block any attempt to modify the value of the DI parameter.
Supervisors may use this feature to prevent accidental changes in the calibration
parameters by inexperienced operators. Setting JP100 will disable peak tuning of the
Head.
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Parameters:

RSparam, param: 600.0000 - 1600.0000: If Calibration isenabled by the JP100
jumper (See CE Command), the parameter is saved into the non-volatile memory of the
RGA Head and the internal scan parameters used to step the RF during scans and single
mass measurements are updated accordingly.

RS*: Use this format to replace the peak tuning parameter with the origina factory
setting for the RF_Driver output @ 128 amu. The factory value is retrieved from
memory, and used as the new parameter value to excecute the command as above.

RS?: Query. Returns over RS232 the parameter value currently saved in memory.

RS. Usesthe current parameter value to recalculate the internal scan parameters used to
step the RF during scans and single mass measurements. Thisis often used to
compensate against small temperature drifts in the mass scale, caused by driftsin the
output of the RF_Driver.

Error checking:
The absence of a parameter (i. e. RS) istreated as an error in the parameter.

This parameter is protected by an internal calibration jumper (JP100) and a Protection-
violation error will result if the jumper isin the Calibration Disabled mode (see CE
command).
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Error Byte Definitions

The Error Bytes described in this section store the results of the firmware-driven checks
built into the RGA Head. Use the Error Reporting commands to query the vaue of the
bytes.

Important: No errors are present as long as al bitsin the Error Bytes are cleared.

The RGA Windows software supports al the Error Reporting commands and reports the
errors detected based on their Error Codes.

The RGA Troubleshooting chapter identifies the different problems based on their Error
Codes and suggests possible causes and solutions.

Bit | Internal Check® ERROR Byte(c) Query @
7 not used N.A. N.A.

6 | 24V Externa P/S” PS ERR EP?

5 | Electrometer® DET_ERR ED?

4 | Quadrupole Mass Filter® QMF_ERR EQ?

3 Electron Multiplier CEM_ERR EM?

2 not used N.A. N.A.

1 | Filament FIL_ERR EF?

0 Communications RS232 ERR EC?

(8 RGA component checked. Each check involves several tests on the component.
(b) Checks automatically performed upon a power-on-reset

(c) Error bytes that store the results of the tests for each type of interna check.

(d) Error Reporting command that queries the error byte.

STATUS Error Byte: General Status byte. Each bit corresponds to a different type of
internal check.
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Bit | Description Error Code

Externa 24V P/S error: Voltage >26V. PS7

Externa 24V P/S error: Voltage <22V. PS6

Not used

Not Used

Not Used

Not Used

Not Used

O R N W & O]l O] N

Not Used

PS ERR Error Byte: 24V P/S Error Byte.

Bit | Description Error Code
7 ADCI16 Test failure. DET7

6 DETECT failsto read +5nA input current DET6

5 DETECT failsto read -5 nA input current DET5

4 COMPENSATE failsto read +5nA input current | DET4

3 COMPENSATE failsto read -5nA input current | DET3

2 Not Used

1 OP-AMP Input Offset Voltage out of range DET1

0 Not Used

DET_ERR Error Byte: Electrometer Error Byte.
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Bit | Description Error Code
RF_CT exceeds (V_EXT- 2V) at M_MAX RF7
Primary current exceeds 2.0A RF6
Not used

Power supply in current limited mode. RF4
Not Used
Not Used
Not Used
Not Used

O R N W & Ol O] N

QMF_ERR Error Byte: Quadrupole Mass Filter RF P/S Error Byte.

Bit | Description Error Code

No Electron Multiplier Option installed EM?7.
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used

O R N W M O] O N

CEM_ERR Error Byte: Electron Multiplier Error Byte.
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Bit | Description Error Code
7 No filament detected. FL7

6 Unable to set the requested emission current. FL6

5 Vacuum Chamber pressure too high. FL5

4 Not used

3 Not used

2 Not used

1 Not used

0 Single filament operation. FLO

FIL_ERR Error Byte: Filament Error Byte.

Bit | Description

Not used

Parameter conflict

Jumper protection violation

Transmit buffer overwrite
OVERWRITE in receiving

Command-too-long.

Bad Parameter received

ol k| N wl BN O] o ~

Bad command received

RS232_ERR Error Byte: Communications Error Byte
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Chapter 7
RGA Tuning

This chapter describesthe tuning procedur es needed to calibrate the RGA head and assure
accur ate qualitative and quantitative measurements.

WARNING!

The Tuning procedures described in this chapter should be performed by
qualified personne only. A mistuned RGA Head could give Erroneous
Readings until it isretuned properly.

In This Chapter

Tl A goTo [U Yo (1o ] o B PP UPTPPT 7-2
JLILS T o T 4 o 1 = 7-3
Peak TUNING PrOCEAUIE ...oeii e e e e e e et et e e e et e e e s e e e e eanes 7-4
TahdgeTo [T Yot 1o ] o B PSPPI 7-4
GENEIAl PrOCEAUIE .. et ettt e e e e et e et eean s 7-5
Peak Position Tuning Algorithms. ... e 7-6
Peak Width Tuning Algorithm s ... e e 7-8
Temperature effects on the mass scale calibration:............ccocoiii i, 7-10
SeNSItiVIty TUNING PrOCEAUIE . ...t et e et e eanes 7-11
Electron Multiplier TUNING ProCEAUIE .....iuiiii e e e e e e e e e aaeens 7-14

SRS Residual Gas Analyzer




7-2

Introduction

Introduction

Accurate qualitative and quantitative partial pressure measurements can only be assured
by proper tuning of the RGA Head.

Correct calibration of the mass scale is essentia during qualitative analysis for the correct
assignment of mass numbers to the different peaks.

The mass resolution of the quadrupole mass filter, Doy, Must be kept at or under 1 amu
to avoid severe overlap between adjacent peaks. Changesin Dmyg, during the
measurements (caused by aging, severe contamination and large temperature changes)
will cause variations in the sengtivity of the instrument and the shapes of the
fragmentation patterns of the molecules, serioudy affecting al quantitative measurements.

For careful quantitative andysis, it isimportant that the sensitivity of the RGA be
determined for every gas which may be a component of the system and under the same
operating parameters used during the actual measurements. Sensitivity factors change as
afactor of time due to aging and periodic recalibration is necessary.

The gain of the electron multiplier is mass dependent and needs to be determined prior to
performing measurements with the device. The gain characteristics of the multiplier
change with time and periodic recalibrations are very important.

The following sections of this chapter describe several tuning procedures designed to
assure that al the calibration conditions described above are satisfied prior to a set of
partial pressure measurements. All tuning procedures can be executed from RGA
Windows using a set of Tuning Commands built into the program. The RGA On-line Help
files provide al the information necessary to set up and execute the tuning commands.
Users writing their own programs can implement the procedures themsealves, using the
RGA Command Set and the instructions of this chapter.

All the tuning procedures require the ability to introduce pure gases (or a mixture of gases
of known composition) into the vacuum system, and a way to measure or calculate
pressures. Bayard-Albert gauges are often used to measure the pressure of the
calibration gases. Hot cathode gauge displays are usualy calibrated for a single gas (N, or
Ar) and atable of conversion factors will be needed to convert the readings for other
gases.

When only afew choices of calibration gases are available choose those that are most
likely to be encountered during measurements (i.e. usual major components of the residua
gas environment of the chamber) and try to sample as much of the RGA’s mass range as
possible. Obvioudly, the correct gases will be needed for sensitivity factor and
fragmentation factor determinations.

Important: Tuning should only be attempted after the unit has been warmed up (with the
filament on and under typical operating conditions) for at least one complete hour.
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Tuning Options

The different tuning procedures, including the corresponding RGA Windows commands,
are listed in the following table:

Tuning Procedure RGA Windows Cmd. (a) Options

Pesk Tuning Pesk Tuning Peek Pogtion
Peek Width

Sengtivity Tuning Sengttivity Tuning Patid Pressure
Totd Pressure

Electron Multiplier Tuning Channd Electron Multiplier | Gain adjusment

(a) Head menu command options.

Consult the RGA Windows chapter of this manua and the RGA On-line Help files
included in the program disks for information on the execution of the Tuning Commands
built into the program.
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Peak Tuning Procedure

Introduction

When analyzing a sample, you expect the peaks of the different gases to be displayed at
their correct mass-to-charge ratio values and the peak widths to be less or equal than 1
amu at 10% of peak height. The correct location of the peaks is essential for accurate
qudlitative analysis, and unity resolution (Dmygee=1 amu) minimizes the overlap between
adjacent peaks. Both the calibration of the mass scale and the widths of the peaks can
vary with time due to aging of the head. Changes in resolution are particularly serious
since they affect the sengitivity of the RGA and introduce errorsin the partial pressure
measurements.

The Peak Tuning procedures described in this section alow the user to calibrate the mass
scale and the resolution, Dmygy,, Of the mass spectrometer. The SRS RGA has avery
solid design and this type of tuning procedures should rarely be needed.

WARNINGS

The peak tuning procedur es should be performed by qualified personnel only. A
mistuned RGA Head will give Erroneous Readings until it isretuned properly.

Peak Tuning should only be attempted after the unit has been warmed up (with
the filament on and under typical operating conditions) for at least a one hour.

Peak Tuning requires a mixture of gases whose mass spectrais well known. In general,
atwo gas mixture, one with low mass peaks and one with high mass peaks, is sufficient.
The sampleisintroduced into the vacuum, and the quadrupole mass filter parameters,
referred to as Peak Tuning parameters, are adjusted based on the sample analog spectra.
The mass scaleis adjusted so that dl peaks are displayed at their correct mass-to-charge
values, and the peak widths, Dmygy, are adjusted to unity (or smaler) vaues. The two
tuning procedures are referred to as Peak Position and Peak Width Tuning,
respectively.

Note: A mixture of He, Ar, Kr and Xeinert gasesis used at SRS to Peak Tune the
RGA'’s. The resolution is adjusted to 1 amu and peak tuning parameters are saved into the
RGA Head before shipping. The inert gases cover a broad spectral range, and being inert
they do not interact with the RGA probe and do not contribute to its aging.

Peak tuning can be easily performed with RGA Windows using the Peak Tuning
command of the Head Menu. The program provides password protection for locking out
the Peak Tuning Parameters so that casual users cannot alter the mass scale calibration
or the spectrometer’ s resolution.

An extra copy of the tuning parameters determined at the factory for the massfilter is
saved in the RGA Head before shipping, and those values can be retrieved at any timein
case they are necessary. Consult the RGA Windows chapter of this manua or the RGA
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On-line Help Files included with the program for detalls.

Note to Supervisors: A cdibration disable jumper (JP100) can be configured to block
any attempt to change the value of the mass filter settings in the RGA Head. The jumper
is located on the top eectronics board of the ECU box, next to the microprocessor chip
(i.e. biggest component on the board), and its two settings are clearly indicated as CAL
DISand CAL EN. Supervisors may use this featureto prevent accidental changes
in the calibration parameters by inexperienced operators. Peak tuningis
completely disabled when the jumper is configured to the CAL DI S setting.

Tip: Virtuadly 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 quickly
verify the correct performance of the instrument (i.e. mass scale calibration and mass
resolution) while operating the RGA.

General Procedure
Peak tuning is a smple procedure that requires the introduction of two known gases into
the vacuum system. A low mass gas (1-20 amu recommended) is used to adjust the low
end of the mass axis, a high mass gas, with a mass-to-charge ratio close to the upper limit
of the instrument’s mass range, is used to adjust the high end of the mass scale.

Severa analog scans are performed on the sample and the peak positions and widths are
checked and adjusted as necessary. Changes in resolution affect the sensitivity of the
RGA, and a Sengistivity tuning procedure should always be performed at the end of the

peak tuning process.

The entire procedure can be carried out with the help of the Peak Tuning command
(Head Menu) of RGA Windows. The program guides you through the calibration
procedure and automatically updates the Peak Tuning Parameters in the RGA Head
based on the results of the calibration.

The overall adjustment procedure is very simple and must follow the order described

below:

1. Low mass peak position adjustment

2. High mass peak position adjustment

3. Repeat 1 & 2inthat order one or two more times until no more changes in peak
positions are observed.

4. Low mass resolution adjustment

High mass resol ution adjustment
6. Repeat 4 &5 inthat order until no more changes in peak width are observed.

7. Repeat 1 & 2inthat order one or two more times in the case steps 4 & 5 caused
changes in peak positions.
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Important: Collect afresh analog scan for each step. The peak positions are adjusted
such that al peaks throughout the scanning range of the RGA fall within +/- 0.25 amu of
their known mass-to-charge ratio (This is needed to make sure the Peak-locking
algorithm used for single mass measurements always finds the mass peak within its
search window). The peak width, Dmyge, must be a constant, and less than 1 amu
throughout the whole scan range.

Example: The following figure shows the result of peak tuning the RGA based on the
¥4,0" (low mass= 18 amu) and *Kr* (high mass=86 amu) calibration peaks. All pesks
are at their correct mass settings and show absol ute resolution values of about 0.9 amu
amu. Also note a 20 amu pesk in the low mass spectrum corresponding to “°Ar** at 20
(i.e. 40/2) amu.

Low Mass High Mass
1 T 0.9
09T A o8+
08T 0.7 T '\
07T o6+
06T p, 05T
05T
0.4 T 0.47 Byt
03T 037
02T 027
01+ J 01T /\/ /
15 16 17 18 19 20 21 22 23 24 25 80 81 82 83 84 85 86 87 88 89 90

amu/e amu/e

Users writing their own computer code can write Peak Tuning Commands for their own
programs using the Tuning Commands of the RGA Command Set and the instructions of
the following two sections.

Peak Position Tuning Algorithms

The magnitude of the RF determines the mass-to-charge ratio of the ions that can pass
through a quadrupole mass filter without striking the rods (i.e. with stable oscillations). A
linear relationship between mass and RF amplitude is one of the most attractive festures
of these type of filters. The regulated output of the RF source that powers the RGA’s
quadruple rodsiis controlled by, and linearly related to, the voltage output of an RF Driver
circuit. The RF Driver uses an 18 hit digital-to-anaog converter and some additional
electronics to program its output voltages.

The purpose of the Peak Position Tuning Procedure is to determine the voltages that the
RF Driver must output at 0 and 128 amu so that al the peaks in an analog spectrum
appear in the right place in the mass axis.
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The cdibrated voltage settings, in mV, are saved in the non-volatile memory of the RGA
Head (RI and RS commands respectively) and used by the firmware to generate the
internal scan parameters used to step the RF during scans and single mass measurements.
Please consult the Tuning Commands List in the RGA Programming chapter of this
manual for details on the RS and Rl commands.

As described above, the peak position tuning procedure requires the introduction of two
known gases into the vacuum system. A low mass gas (1-20 amu recommended) is used
to adjust the low mass end of the mass axis, a high mass gas, with a mass-to-charge
ratio close to the upper limit of the scanning range of the RGA, is used to adjust the high
mass end of the mass scale. Several analog scans are performed, and the values of RI
(RF Driver output @ 0 amu) and RS (RF Driver output @ 128 amu) are adjusted until all
mass peaks appear at the correct position in the mass scale. An increase in RI causes the
low end of the analog spectrum to displace towards lower masses (A small effect is seen
at the high masses). An increase in RS results in the spacing between peaksin a scan to
decrease (with the largest effect seen at the high mass end).

The formulae used to correct the calibration parameters during peak position adjustment
are presented next:

Low Mass Peak Position Adjustment: To displace alow mass peak by a distance

Dm amu in the mass axis the value of Rl must be modified from its origina value Rlg
according to:

Rl = Rl - Dm"(RS/ 128)

Notes:

The new RI value must fall within the acceptable parameter range of the RI
command.

This change mostly affects the position of the peaks at the low end of the spectrum.

A decrease in RI shifts the low mass peaks to the right (peaks show up at higher
masses) , an increase in RI shifts the same peaks to the left (peaks show up at lower
masses).

High Mass Peak Position Adjustment: To displace a high mass peak, n, by a

distance Dm amu in the mass axis modify the value of RS from its origina vaue RS, to:
RS = RS [ mo/(mo+Dm)]

Notes:

The new RS vaue must fall within the acceptable parameter range of the RS
command.

Modifying RS affects the spacing between pesks in the spectrum. An increasein RS
results in the peaks getting closer together, and a decrease in RS results in the peaks
getting further apart from each other.
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The effect is more significant at the higher masses and should have very little effect
on the position of the low mass peaks (that is why you do this adjustment second).

The lower the mass-to-charge ratio of the low mass gas the less this adjustment will
effect the position of its peak.

See that a decrease in RS results in the high mass peaks moving to higher masses
(right shift), and vice versa

Iterations: In most cases it will be necessary to repeat the two position adjustments one
or two more times until both low and high mass peaks show up at their known positions.

Peak Width Tuning Algorithms:

Constant absolute resolution (Dmsgy) in @ quadrupole mass filter requires DC
voltages linearly related to the mass, with a slight negative offset at low masses
(i.e. negative inter cept).

The RGA Head adjusts the DC levels of the quadrupole filter during measurements so
that constant mass resolution is automatically available throughout the entire mass range
of the spectrometer. The bulk of the DC voltage is supplied by a DC power supply whose
output is linearly related to the RF amplitude. The rest of the DC voltage (DC_Tweek) is
provided by the output of an 8 hit digital-to-anaog converter (DAC). The firmware uses
two Peak Tuning Parameters : DI (Intercept) and DS (Slope), stored in the non-volétile
memory of the RGA, to calculate the 8 bit settings of the DAC according to the linear
equation:

DAC8 (m) =DS m + DI (DC_Tweek (m) = (DAC8(m) - 128)  19.6 mV)
where m is the mass in amu, and DAC8(m) is the 8 bit setting at that mass.

The purpose of the Peak Width Tuning Procedureisto determine the values of
DI and DS so that all the peaksin an analog spectrum have the desired peak
width (typically Dm;yg,=1 amu). The calibrated parameters are saved in the non-volatile
memory of the RGA Head (DI and DS commands, respectively) and used by the
firmware to generate the internal scan parameters used to adjust DC_Tweek during
scans and single mass measurements. Please consult the Tuning Commands List in the
RGA Programming chapter of this manual for details on the DS and DI commands.

Note: The sensitivity of the peak widths to the DC_TWEEK voltage can accurately be
approximated to: -1 amu per 550mV (28 hits). In other words, a 550 mV increasein
DC_Tweek voltage causes a 1 amu decrease in the width of any peak. The DC_Tweek
voltages span from -2.5 to +2.5 V with increments of 19.6 mV per bit (255 totd bits). This
corresponds to a peak width adjustment range of +/- 4.5 amu and minimum increments of
0.036 amu per bit.

As described above, the peak width tuning procedure requires the introduction of two
known gases into the vacuum system. A low mass gas (1-20 amu recommended) is used
to adjust peak widths at the low end of the mass scale, a high mass gas, with a mass-to-
charge ratio close to the upper limit of the scanning range of the RGA, is used to adjust

SRS Residual Gas Analyzer



Peak Tuning Procedure 7-9

the widths at the high end of the mass scale. Severa analog scans are performed on the
sample and the values of DI ( nominaly 128) and DS (nominally 0) are adjusted until al
peaks appear at their correct setting.

The formulae used to correct the calibration parameters during peak position adjustment
are described next:

Low Mass Peak Width Adjustment: To increase the low mass peak width by an
amount Dm amus modify the value of DI from its original vaue, Dl , to:

DI = Dlp - Dm * 28
Notes:

The new DI value must fall within the acceptable parameter range of the DI
command.

A changein DI affects the width of al the peaks in the spectrum.

A decrease in DI results in broader peaks at a rate of 0.036 amu per bit removed.

High Mass Peak Width Adjustment: To modify the high mass peak width by an
amount Dm amus, modify the value of DS from its origina value DS, to:

DS =D -28* (Dm) / my

Notes:
The new DS value must fall within the acceptable parameter range of the DS
command.

Modifying DS affects the width of peaks at the higher end of the spectrum. An
increase in DS results in the peaks getting sharper, and a decrease in DS results in the
peaks getting broader

The effect is more significant at the higher masses and that is why we do this
adjustment second after the width has already been modified by the changein DI.

If the mass-to-charge ratio of the low mass gasisrea low this adjustment will have a
small effect on the width of its peak.

Iterations: In most cases it will be necessary to repest the two width adjustments one or
two more times until both low and high mass peaks show the desired widths.

Note: Changesin the peak positions will also be observed, at arate of -0.40 amu per amu
of increase in peak width, and a Peak Position Tuning procedure will be needed to put the
peak positions back where they belong.

Important: The Peak Width Tuning Procedure can be used to adjust the resolution of the
RGA to the ultimate theoretica limit of the mass filter. See the Quadrupole Mass Filter
section of the RGA Probe chapter of this manual for details on that limit.
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Temperature effects on the mass scale calibration:
As the temperature of the RGA Head changes two different effects affect the caibration
of the mass scale:

For small temperature changes: Drift in the voltage output of the RF Driver that
controls the RF power supply can cause the mass peaks to shift their position in the
mass spectrum. In order to correct against this effect, the RF driver output is
checked at the beginning of each analog and histogram scan at 0 and 128 amu. The
internal calibration parameters, used by the firmware to step the RF during scans, are
updated so that the control levels specified by the Rl (0 amu) and RS (128 amu)
parameter values are correctly set at the present temperature.

For large temperature changes: The senstivity of the RF power supply to its
controlling voltages might be affected or, more fundamentally, the relationship
between mass and RF levelsin the filter might change ( for example, if the QMF
changes its physical dimensions). In this case a Peak Tuning procedure will be
necessary to reestablish the mass axis scale.
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Sensitivity Tuning Procedure

All quantitative calculations performed with the SRS RGA rely on the assumption that
thereis alinear relation between the partial pressure and the corresponding RGA signals
of the gases. Each gasionizes differently, and its ions make it through the mass filter with
different efficiencies. As aresult the proportionality constant relating the ion current of a
gasto its partial pressure is very dependent on the specific gas.

The partial pressure sensitivity of the RGA toagasg, Sg is defined as the ratio of
the change (H-Hy) in principal mass pesk height to the corresponding change (P-Py) in
total pressure due to a change in partia 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 sengitivity of the RGA changes with time due to aging of the head, and is a strong
function of the operating conditions of the instrument. Careful quantitative analysis

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

Important: In order to separate the gain of the electron multiplier from the intrinsic
sengitivity 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 isused. See the Electron Multiplier Tuning section
for details.

The partial pressure sensitivity of the RGA to aparticular gasis determined following
the steps listed below.

1. Refresh the calibration of the electrometer using the Cadlibrate Detector command
(Head Menu) of the RGA Windows program or the CL command of the RGA
command set.

2. Start with the vacuum system at base pressure (preferably under 107 Torr).

3. Sdect Faraday cup detection and choose the desired operationa parameters for the
instrument (See note at the end).

4. Perform afew anaog scans on the chamber to assure that the contributions from all
other gases to your measurements can be neglected. Check the quality of the analog
spectra, and peak tune the instrument if needed.
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5. Introduce the pure gas into the vacuum system, at a known or calculable pressure
(typically around 10° Torr).

6. Runafew analog or histogram scans on the sample gas to assure the purity and
levels of the cdibration gas.

7. Mesasure the output signal from the RGA for the principal mass peak of the calibration
gas (i.e. usualy the parent molecule peak) using the Faraday cup detector. Extract
the peak value from spectra scans or measure it directly using the single mass
measurement mode of the SRS RGA

8. Theratio of this output signal to the pressure of the gasis the partial pressure
sengitivity factor.

9. The sengitivity factor, in units of mA/Torr, can be saved into the non-volatile memory
of the RGA Head using the SP command. The parameter value saved is
automatically used by RGA Windows as a conversion factor between the ion currents
received form the head and the partia pressure units selected by the user. See the
RGA Command Set ligting for details.

Important: The sengtivity factors caculated in this fashion can only be applied to
situations where the RGA is used with the same operating parameters. Change the
instrument parameter settings to those of your measurements prior to the calibration if
necessary.

A total pressure sensitivity factor isaso needed by the SRS RGA to convert theion
currents obtained during total pressure measurements into total pressures. Tota pressure
sengitivity 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 partia pressure measurements replaced by total pressure
measurements. The total pressure sensitivity factor, in units of mA/Torr, can be saved into
the non-volatile memory of the RGA Head using the ST command. The parameter value
saved is automatically used by RGA Windows as a conversion factor between the total
ion currents received form the head and the pressure units selected by the user. See the
RGA Command Set ligting for details.

Note: The underlying assumption when using sengitivity factors in quantitative caculations
isthat thereis alinear relation between the pressure and the corresponding RGA signas
of the gases. This assumption is only strictly correct as long as the pressuresin the RGA
Head are kept below 10 Torr. Deviations from linearity are to be expected above that
pressure value due to space charge effects in the ionizer and ion-neutral scattering
interactions in the filter. A more thorough check of the RGA’s sengitivity involves
measuring the RGA signals over several orders of magnitude of partial pressure to
determine the range over which alinear relationship exists. The senstivity factor for the
gasis calculated as the dope of the “signal vs. pressure”’ response over the linear range.

RGA Windows uses the partial pressure and total pressure sensitivity factors stored in
the non-volatile memory of the RGA Head as conversion factors between the ion currents
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received from the head and the pressure units selected by the user. A Sengitivity Tuning
command in the Head menu automates the sensitivity tuning procedure described above
and alows the user to recalibrate or change the sensitivity factors very easily. Consult the
RGA Windows Chapter of this manua and the On-line Help Files for details on the tuning
commands of the program.

The sensitivity factors used by SRS RGA are al for Faraday Cup detection. A separate
Electron Multiplier Gain Factor, stored in the non-volatile memory of the RGA Head, is
used by the RGA Windows program to correct the ion signals when the electron multiplier
isturned on (i.e. al data acquired while the electron multiplier is on gets divided by the
gain automaticaly beforeiit is displayed by the program). See the Electron Multiplier
Tuning section of this chapter for detalls.
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Electron Multiplier Tuning Procedure

Accurate quantitative measurements with the electron multiplier detector require the
determination of the CDEM gain for al the ion peaks being measured. Frequent
recalibrations are recommended to correct against aging of the device.

The gain of the eectron multiplier (CDEM) in the SRS RGA is defined relative to the
Faraday Cup output (which is assumed to be mass independent). It can be programmed
anywhere from 1 to 10’ adjusting the high voltage applied across the device, is highly
mass dependent, and changes with time due to aging.

The eectron multiplier gain is easly calibrated in the SRS RGA sinceit is possible to
measure the same ion current with and without the CDEM. The common method of
calibrating the electron multiplier gain for a given mass peak is to measure the peak
intensity with the Faraday cup, and then repeat the same measurement with the electron
multiplier without changing anything else. The gain of the multiplier istheratio of the
multiplier output current to the Faraday cup output current. (Note that there is no need to
change the sign of the dectron multiplier signd prior to the division since the firmware
automatically reverses its sign before transmitting the value.)

The RGA Head can store asingle set of [High Voltage, Gain] vaues for the electron
multiplier in its non-volatile memory. RGA Windows uses the voltage value to bias the
CDEM and the gain value to divide the ion currents when the CDEM is turned on. See
the HV, MV and MG commands in the RGA Command set for details on the command-
level implementation of this procedure.

RGA Windows can automatically program the gain of the electron multiplier for any mass
using the automatic Electron Multiplier Gain Adjustment function of the Electron Multiplier
command (Head Menu). Select a gain value between 10 and 1,000,000, choose a mass
value for partial pressure measurements, and the RGA program automatically calculates
the required high voltage setting when the Adjust button of the Electron Multiplier
Window is pressed. The HV and gain settings are saved into the RGA Head and used
every time the CDEM isturned on. All data acquired while the CDEM is on gets divided
by the gain automatically beforeit is displayed.
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Chapter 8

RGA Maintenance

Thischapter describes how to maintain the components of the quadrupole probe. The ECU
does not have any serviceable parts and should not require any routine maintenance.

In This Chapter
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Warnings!

The service information in this chapter isfor the use of Qualified Service
Personnel. To avoid shock, do not perform any proceduresin this chapter
unless you are qualified to do so.

Read and follow all “ Safety and Precaution” war nings before servicing the
product.

Danger ous voltages, capable of causing injury or death, are present in this
instrument. Use extreme caution whenever servicing any of its parts.

Carefully follow the instructions in this chapter. Failureto do so might result
in serious personal injury and damage to the instrument.

Do not substitute parts or modify the instrument. Because of the danger of
introducing additional hazards, 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 SRS for service and repair
to ensurethat safety features are maintained.

Use only SRS supplied replacement parts.

Disconnect the ECU box from the probe befor e servicing any of the probe
components.

Turn off the emission and wait for at least 30 minutes before removing a
probe from a vacuum chamber. Serious burns can occur if the probe
components are handled too soon.

Use proper vacuum procedur es when handling the probe.

Avoid contaminating the probe:

Work in aclean, dust free area. A clean room compatible environment is
best.

Do not talk or breath on any of the parts.

Wear gloves!

Use clean tools during service procedur es!

Wear face masks, hair coversand no facial make-up.

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

Verify that the vacuum port is electrically grounded befor e attempting
installation of the RGA Head to the vacuum system.
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Stanford Resear ch Systems does not guar antee that the cleaning procedures
described in this chapter will completely remove contamination from the
probe. In some cases (i.e. depending on the vacuum composition)
replacement of the parts might be the only solution to a contamination
problem.
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Probe Bakeout

Bakeout of the RGA probe is recommended in the following cases:

1. After installation of the probe in the vacuum chamber.

2. After prolonged exposure of the probe assembly to open air.

2. When background contamination is present in the mass spectra.

3. When the performance of the RGA is degraded due to excessive contamination.

When anew component is introduced into a high vacuum system or after the vacuum
chamber has been vented up to air, outgassing of molecules (particularly H,O) from the
walls usualy determines the time it takes the pumping station to establish the desired base
pressure. A bakeout accelerates the outgassing rates and results in reduced pump-down
times.

In many cases a bakeout is needed to efficiently remove low-vapor pressure impurities
from the walls. A thorough bakeout helps clean the entire probe and usudly resultsin
reduced contribution of the RGA sensor to the background signals.

Asthe RGA is used, deposits form on the ionizer parts and on the filter components. The
performance of the spectrometer is affected by the build-up of electrostatic charge on the
contaminated surfaces. The symptoms of the problem are: decreased sensitivity,
decreased resolution and, in severe cases, unusua peak shapes. A periodic bakeout helps
keep the quadrupole probe clean and minimizes this problem.

A thorough bakeout affects the entire probe. It is a better aternative than a “Filament
Degas’ process which acts only on the ionizer and compromises the lifetime of the
filament.
Warnings

To avoid fire risk use a good quality heater with a built-in temperature limit switch.

To avoid overheating the components use a reliable temperature controller to regulate
the bakeout temperature.

Do not leave the system unattended for long periods of time.

To avoid damage to the eectronic components detach the ECU from the probe during
bakeout.

Do not operate the RGA during bakeouts.

To avoid burns cover the heater with heavy insulation during bakeout, and do not
touch the probe until it cools down after bakeout is over.

Use only metal gasket seals during bakeout since rubber gaskets might melt!
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Procedure
1. The quadrupole probe must be mounted on the vacuum system and at a base pressure
under 10° Torr.

2. Turn off the RGA and disconnect the ECU from the probe.

3. Wrap aheating tape or heating jacket around the entire probe and cover with
fiberglass insulation if necessary. Make sure the entire probe, including flanges, is
evenly covered.

4. Bakethe probeto at least 200°C for several hours (i.e. overnight).

5. After bakeout wait for the probe to cool down to room temperature before mounting
the ECU back on its flange.

6. Run the peak tuning procedure.
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lonizer Degas

An lonizer Degas program is built into the RGA head to clean up the filament and the
ionizer by Electron Impact Desorption. Degassing provides a fast way to clean up theion
source, however, it compromises the lifetime of the thoria coating of the filamentsand it is
no substitute for a complete bakeout of the probe. Its useis only recommended when
contamination of the probe is suspected and a long bakeout is not a practical option.

During the degas process the anode grid and the filament are bombarded by a 20 mA
current of 400 eV electrons. The complete process takes three minutes and can be
triggered directly from the RGA Windows software (Head Menu). The emission current
is ramped dowly during the first minute to eliminate sudden bursts of gasesinto the
vacuum system.

The dectron multiplier is turned off at the beginning of the cycle. The emission current is
turned back to its pre-degas setting at the end of the degas cycle, but the electron
multiplier is dways |eft off for additiona protection. Overpressure protection is built into
the degas procedure and the filament will immediately shut down if aleak is detected.

For users developing their own software, the Degas process can be triggered with the DG
command described in the RGA Command Set List, and Degas times as large as 20
minutes long can be selected.
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lonizer Replacement

lonizer Replacement

Equipment

Procedure
1. Read all warnings at the beginning of this chapter before attempting to service the

Asthe RGA is used, deposits form on the ionizer parts and the sengitivity of the sensor is
degraded. Once the sengitivity of the spectrometer is significantly affected by this buildup
it is necessary to completely replace the ionizer. All components of the ionizer should be
replaced together at once. The replacement procedure is smple and should only take a
few minutes.

It is recommended that the filament be replaced as well during this procedure since some
damage to its Thoria coating is inevitable during handling.

lonizer Replacement kit (O100RI): consisting of repeller cage, anode grid, focus plate,
and spare screws and e-clips.

One standard OFHC copper gasket for 2 3/4” CF Flange. New and Clean!
Precision flat-head screw driver: 2.5 mm head.

Needle nose pliers.

Latex gloves/powder free.

Clean, dust-free work area.

probe.
Set up in advance a clean dust-free working area where to carry out this procedure.
Turn off the RGA and disconnect the ECU from the probe.

Wait for the probe to cool down for at least 30 minutes after the emission is turned
off. Severe burns can result if the probeis handled too soon.

Without disconnecting the RGA Cover Nipple from the vacuum port, remove the six
bolts from the feedthru flange at the end of the probe and dide the entire probe
assembly out of the vacuum system (Note the rotational orientation of the Feedthru
Flange before removing the probe assembly from the vacuum system so that the
probe can be reassembled in the exact same way at the end of the procedure. Mark
the side of the flanges with a permanent marker if necessary.) The ionizer, thefilter,
and the detector are now fully exposed and easily accessible.
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Feedthru Flange

Vacuum Chamber

10.

11

13.

14.

15.

L lonizer —

Vacuum Pont
Probe Assembly

Figure 1 Probe Removal for lonizer Replacement

Carry the probe to a clean, dust free areaimmediately. Avoid contamination using
handling procedures compatible with high vacuum requirements.

Hold the probe in a upright position and do a thorough visua inspection of the unit.
Check for loose, damaged, misaligned and contaminated components.

Using the clean, flat-head screwdriver remove the screw that connects the repeller to
the longest filament rod and pull out the cage exposing the filament and the anode
grid. Be careful not to damage the delicate filament if you plan to use it again!

Remove the filament following the steps and precautions described in the “Filament
Replacement” section of this chapter.

Next, pull out the anode grid after removing the two screws that fasten its bottom
plate to the aignment rods. The two rods do not need to be replaced and should not
be moved during this procedure!

Findly, remove the two screws that hold the focus plate against the top aumina
spacer and pull out the plate. The short alignment rod will aso need to be removed
during this step, but it does not need to be replaced (Save it!).

Use the new parts from the “lonizer Replacement Kit” to replace the ionizer
components. The new components are clean and vacuum compatible. Avoid
contamination! Replace all components at once! Discard the old ones!

Use two fresh screws from the ionizer replacement kit to mount the new focus plate
on the alumina spacer. Make sure the short alignment rod is put back in place and the
screws are tight.

Install the new anode grid. Use the new screws to fasten its bottom plate to the
alignment rods. Caution: The anode cage is fairly strong but it should still be handled
very carefully since its correct alignment is essentid for optimum performance of the
RGA.

Once the anode grid is secured in place, replace the filament following the steps
described in the * Filament Replacement” section of this chapter. It is highly
recommended that a new filament be used for this step since damageto the
delicate thoria coating is unavoidable during removal.
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16. Attach the new repeller to the longer filament rod using a fresh screw. Align the cage
and tighten the screw (Correct alignment is best assured when the two small holes on
the side of the repeller cage line up with the filament screws.)

17. Inspect visudly the entire ionizer assembly to assure the correct alignment of its parts,
and, if satisfied, mount the probe back on the vacuum system. Check the correct
rotational orientation of the feedtrhu flange (i.e. same as it was before disassembly)
before tightening the flange bolts.

18. A bakeout of the probe is highly recommended before operating the RGA again.

19. Retune the sengtivity of the RGA, following the instructions in the RGA Tuning
chapter, before using the unit for quantitative measurements.
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Filament Replacement

The filament eventually wears out and needs to be replaced. There is no need to send the
RGA unit back to the factory for this service. The replacement procedure is smple and
can be completed in a few minutes by qualified personnel.

The filament is very delicate and should be handled with extreme care. Thethoria
coating is very delicate and can easily be damaged if the filament is mishandled. Please
reed the following handling recommendations before opening the filament’ s box:

Handling and care of the filament

Equipment

Procedure
1

Do not bend, or twist the filament .
Do not scratch the filament’s Thoria coating.

Do not handle the filament directly with your fingers, use fine tweezers, and hold it by
the platinum tabs only.

Do not attempt to clean the filament.

Use only SRS provided filaments as replacement.

Filament Replacement kit: consisting of new filament, and spare screws and nuts.
One standard OFHC copper gasket for 2 3/4” CF Flange. New and Clean!

Precision flat-head screw driver: 2.5 mm head.
Needle nose pliers.
Latex gloves/powder free.

Clean, dust-free work area.

Read all warnings at the beginning of this chapter before attempting to service the
probe.

Set up in advance a clean, dust-free working area where to carry out this procedure.
Turn off the RGA and disconnect the ECU from the probe.

Wait for the probe to cool down for at least 30 minutes after the emission is turned
off. Severe burns can result if the probeishandled too soon.

Unscrew the six bolts from the RGA’s mounting flange and remove the entire probe
from the vacuum system (Note the rotational orientation of the RGA Mounting Flange
before removing the probe from the vacuum system so that it can be placed in the
exact same orientation at the end of the procedure. Mark the side of the flanges with
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a permanent marker if necessary.). The ionizer is now fully exposed and easily
accessible.

RGA Mounting Flange

Vacuum Chamber

10.

11

13.

RGA Cover Nipple

Vacuum Port L lonizer

| Probe Assembly

Figure 2 Probe Removal for Filament Replacement

Immediately carry the probe to a clean, dust-free area and secure it in an upright
position. Avoid contamination using handling procedures compatible with high
vacuum requirements.

Using the clean, flat-head screwdriver remove the single screw that connects the
repeller to the longer filament rod and pull out the cage exposing the filament and the
anode grid.

Before replacing the filament, visualy inspect the entire ionizer. Check for loose,
damaged, misaligned and contaminated components. Some discoloration of the ionizer
parts is common, but heavy buildup on the grids and plates is a sign of severe
contamination. If problems are detected, a complete “lonizer Replacement”
procedure should be carried out at this time. Otherwise, continue with the filament
replacement procedure.

Inspect the filament, and become acquainted with the way in which it is mounted on
the filament rods. The SRS RGA filament is of a circular shape and made out of very
thin, thoria-coated iridium wire. Two platinum tabs, spot-welded at opposite ends of its
circumference, provide electrical connection to the rods that deliver the power during
emission. Precision machined dots define the exact placement of the filament tabs
along the two rods and a small “screw and nut” set secure each tab in place.

Without removing the nuts, loosen the two screws that hold the filament in place
enough to pull the filament out the ionizer assembly. Discard the old filament.

L eave enough clearance between each nut and the top of its corresponding alignment
dot to dide the platinum tabs of the new filament during installation.

Open the filament box and pick up the filament by one of its platinum tabs with the
clean tweezers.

Very carefully dide the filament into position, until the platinum tabs fal into the dots.
Do not bend or twist the filament. Do not scratch the Thoria coating!
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14.

15.

16.

17.

18.

Tighten the screws while pressing the nuts against the rods with the tweezers, making
sure the tabs are centered in the dots.

Visudly inspect the filament alignment and do any adjustments that might be
necessary. The filament should form a circle around the anode grid. Slight bendsin
the filament are common, and do not compromise its performance. Severe bends
might result in electrical-shorts to the repeller and anode grid and need to be
corrected. Use gentle pressure on the filament wire to bend it back into its correct
shape if needed (Note: use a clean cotton swab for this procedure).

Attach the repeller to the longer filament rod using a fresh screw. Align the cage and
tighten the screw (Correct alignment is best assured when the two small holes on the
side of the repeller cage line up with the filament screws.)

Inspect visudly the entire ionizer assembly to assure its correct adignment, and, if
satisfied, mount the probe back on the vacuum system. Check the correct rotational
orientation of the probe (i.e. same as it was before disassembly) before tightening the
flange bolts.

A bakeout of the probe is recommended before operating the RGA again.
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CDEM Handling and Care

Continuous Dynode Electron Multipliers (CDEM) have ahistory of high performance and
dependability in mass spectrometry applications. By following the smple
recommendations described below the user should achieve along useful lifetime from
these detectors.

Handling and mounting
Handling and mounting of the CDEM should only be performed in a clean vacuum
fashion:

Work on a clean dust-free area. Avoid dust, lint and any kind of particulate matter.
Wear talc-free rubber gloves or finger cots.
Use properly degreased tools.

Avoid excessive shock, such as from dropping onto a hard surface (Remember that
CDEM'’s are made out of glass).

Operating pressure
The recommended operating pressure is 310° or less. The lower the pressure during any
operation, the longer the lifetime of the CDEM.
Never apply voltage to a CDEM at pressures above 10™ Torr.

Operating temperature
The safe operating temperature of a CDEM is less than 100°C.

Bakeout temperature
The bakeout temperature must be less than 300°C with no voltage applied across the unit.

Operating voltage
The maximum voltage applied to any CDEM should not exceed 3500V. The SRS RGA
High Voltage power supply is limited to a 2500V output.
Typicd operating range is 1100-2500V. In generd, the lower the average signal
current drawn from the detector and the lower the operating voltage, the longer the
lifetime that will be realized.

Initial pump-down
To best maintain the high gain and low dark current properties of electron multipliersit is
very important to follow the steps described in the CDEM Pr e-conditioning section of
this chapter during theinitial pump-down of the electron multiplier. The procedure serves
to degas the detector and stabilize the gain. Failure to follow the recommended steps
before powering up the multiplier might result in gain degradation by as much as a factor
of ten.
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Contamination
The active surface of the CDEM can be repeatedly exposed to air without degradation;
however, it should not be contaminated with dust, lint or other particles. Organic
substances present in the vacuum system tend to accumulate on the active surface of the
multiplier and lead to Slow performance degradation (due to reduced secondary emission
efficiency).
Qil contamination is a serious problem, and can result in catastrophic destruction of the
multiplier: use liquid nitrogen traps with diffusion pumps (particularly for dicone oil based
pumps) , and molecular sieves traps with mechanica roughing pumps whenever possible.

If the multiplier becomes contaminated it must be cleaned immediately! (See CDEM
Refreshment procedure in this chapter)

Storage
CDEM'’s can be stored indefinitely in a clean dry container such as an air or dry nitrogen-
filled “dry box”. Double bagging with clean, dust-free zip locked bags also works well as
atemporary aternative
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CDEM Pre-conditioning

Use the following steps on the first pump-down and initial operation of a new CDEM:
1. Pump overnight prior to initial application of voltage.

2. Begin operation at the lowest voltage possible, working up to the voltage required to
produce observable peaks.

3. Limit theinitial operation to trace peaks with gradual increase in abundance levels
over thefirst two hours of operation of anew CDEM.

All CDEM’ s undergo an initia cleanup phase during which absorbed gases are removed
from the active surface. If during this time the detector is exposed to high input currents
permanent gain degradation by as much as afactor of ten may result. The steps
described above help to control initial outgassing and are performed in order to
precondition the CDEM. Optimum sensitivity and longer lifetime will result if the
recommendations are followed.
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CDEM Refreshment

A CDEM contaminated with organic impurities (i.e. pump oil) can sometimes be
refreshed following the cleaning procedure described in this section.
The CDEM should show a gain improvement after the cleaning.

Warning
Stanford Resear ch Systems does not guar antee that this procedure will remove
contamination from a detector. Use this method as a last resort only.

Materials
Ultrasonic cleaner
Isopropyl acohol, Electronic grade or better.
1000 mL beaker
Oil-free, dry nitrogen
Petri dish.
Clean oven ( higher than 100°C setting).
Warning:

The fumes from isopropyl alcohol can be dangerousto health if inhaled and are
highly flammable. Work in well ventilated areas and away from flames.

Warning:
Read and follow all directions and war nings of the ultrasonic cleaner regarding
the use of organic solvents for cleaning.

Procedure
1. Fill the 1000 mL besker with isopropyl acohal.

2. Gently place the CDEM into the acohal.

3. Insert the beaker containing the CDEM into the ultrasonic cleaner for 10 minutes

4. Remove the CDEM from the isopropyl acohol and alow it to drain for afew minutes
5. Depending on the contamination level, repeat steps 1-4 as needed.

6. Blow dry the CDEM with oil-free dry nitrogen.

7. Placethe CDEM in aclean Petri dish and dry at 100°C for about one hour.
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CDEM Replacement

Thereis no need to send the RGA unit back to the factory for this service. The
replacement procedure is very simple and can be completed in afew minutes by qudified
personnd.

Gain degradation limits the lifetime of al eectron multipliers. Eventualy the gain drops to
unacceptable values and the multiplier needs to be replaced. Asarule of thumb, the
CDEM should be replaced when the required gains can no longer be achieved by
increasing the bias voltage.

Warnings:

The CDEM isvery delicate and should be handled with extreme care.
Handling and mounting of the CDEM should only be performed in a clean
vacuum fashion:

= Work on aclean dust-free area. Avoid dugt, lint and any kind of particulate
matter.

= Wear talc-free rubber gloves or finger cots.

*  Use properly degreased tools.

= Avoid excessive shock, such as from dropping onto a hard surface
(Remember that the CDEM is made out of glass).

= Useonly SRS supplied eectron multipliers for replacement.
Equipment

Multiplier Replacement kit: consisting of new CDEM with mounting clamp in place
and spare screws and nuts.

One standard OFHC copper gasket for 2 3/4” CF Flange. New and Clean!

Precision flat-head screw driver: 2.5 mm head.
Needle nose pliers.

Latex gloves/powder free.

Clean, dust-free work area.

Procedure

1. Read all warnings at the beginning of this chapter before attempting to service the
probe.

2. Set up in advance a clean dust-free working area where to carry out this procedure.
3. Turn off the RGA and disconnect the ECU from the probe.

4. Wait for the probe to cool down for at least 30 minutes after the emission is turned
off. Severe burns can result if the probeishandled too soon.
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5. Without disconnecting the cover nipple from the vacuum port, remove the six bolts
from the feedthru flange at the end of the probe and dlide the entire probe assembly
out of the vacuum system (Note the rotationa orientation of the Feedthru Flange
before removing the probe assembly from the vacuum system so that the probe can
be reassembled in the exact same way at the end of the replacement procedure.
Mark the side of the flanges with a permanent marker if necessary.) The ionizer, the
filter, and the detector are now fully exposed and easily accessible.

Feedthru Flange
Yacuum Chamber CDEM

Yacuum Port
Probe Assembly

Figure 3 Probe Removal for CDEM Replacement

6. Carry the probeto a clean, dust free areaimmediately. Avoid contamination usng
handling procedures compatible with high vacuum/clean room requirements.

7. Hold the probe in a secure upright position and do a thorough visua inspection of the
unit. Check for loose, damaged, misaligned and severely contaminated components.
Carefully inspect the ionizer and, if any problems are detected, perform a filament
and/or ionizer replacement following the procedures described earlier in this chapter.
Inspect the CDEM for signs of arcing and contamination. A bluetingeis an
indication of an electrica arc while brown indicates contamination. A “burned” black
color may indicate both arcing and contamination have occurred. If excessive
contamination is evident take the necessary steps to identify and reduce contamination
sources in the vacuum system.

8. CDEM Removal:
Note the position of all parts and their orientation before disassembly!
The CDEM consists of a straight, four-channel tube made out of glass, with a cone of
the same material attached to the front end. It is held upright, next to the FC, and
away from the axis of the analyzer, by aclamp and aclip. The clamp wraps around
the multiplier tube, and is connected to a neighboring rod. It assures proper alignment
of the cone and provides the electrical connection to the High Voltage power supply.
A hole on the side of the FC Shield allows space for mounting the cone very close to
the FC top. The clip is spot welded to the side of the FC shield and holds the lower
end of the multiplier’s tube at ground. Chrome electrical coatings, deposited at both
ends of the multiplier provide the necessary electrical contacts. A plate (CDEM
Anode) mounted at the exit of the CDEM collects the secondary electrons. The
whole assembly is sdf aligning.
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10.
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14.
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16.
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Figure 4 CDEM Replacement

Using the clean flat head screwdriver, remove the small screw that fastens the clamp
tothe HV rod and rotate the entire multiplier about its axis until the clamp’s end
points away from the FC Shield.

Holding on to the clamp’s end, pull the multiplier out of the clip.

Unpack the new multiplier. Notice that the multiplier has a mounting clamp aready in
place so there is no need to keep the old one. Avoid contamination.

Install the new multiplier in place reversing the remova steps. Clip it in place, rotate it
about its axis so the clamp fits into the dot in the HV rod, and fasten the clamp with a
small screw.

Visualy inspect the assembly and do any adjustments that might be necessary. The
CDEM should be standing straight up, centered between its two neighboring rods, and
with its cone facing straight into the FC shield’s hole. The CDEM anode should be »1
mm away from the multiplier’s exit, and it can easily be pushed up or down with pliers
for correct placement. There should be no electrical contact between the cone (HV)
and any part of the probe. If necessary loosen the clamp’s screws to do adjustments.

Once satisfied with the alignment, mount the probe back on the vacuum system and
pump it down. Check the correct rotationa orientation of the feedtrhu flange (i.e.
same as it was before disassembly) before tightening the flange bolts.

Perform the CDEM Preconditioning steps described in this chapter before using
the multiplier for actual measurements.

Cdlibrate the gain of the new eectron multiplier before using the device for
quantitative measurements. See instructionsin RGA Tuning chapter.
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Quadrupole filter cleaning

The quadrupole mass filter is the heart of the RGA. The sengitivity and resolution of the
instrument are ultimately limited by the quality of the quadrupole field between its rods.
Deposits on the rods accumulate el ectrostatic charge and distort the field, resulting in
degraded performance. The deposits typically form at the entrance to the massfilter,
when the RGA is operated at high pressures or over long periods of time. They are often
seen as a discoloration of the metal but in some cases (i.e. depending on the vacuum
composition) they areinvisible.

If contamination of the rods is suspected, the first step to take is a one- or two-day long
“Probe Bakeout”. If bakeout is not successful, the quadrupole filter will need to be
cleaned. Note that in order to clean the rods, the entire quadrupole head assembly must be
taken apart, and unless the exact nature of the deposits is known, the only sure way to
remove them will be with avery fine abrasive.

Warnings

The exact alignment of therodsin the quadrupoleis essential to the
optimum performance of the RGA.

Do not scratch the surface of the rods.
Do not remove excessive amounts of surface material with the abrasives.
Use clean tools and procedures.
Equipment
- Clean, dust-free work area.
Latex gloves/powder free.
One standard OFHC copper gasket for 2 3/4” CF Flange. New and Clean!
Replacement bowed e-clips (SRS Part# 0-00579-000, 12 count)
Phillips head screw driver: P1 head (clean.)
Precision flat-head screw driver: 2.5 mm head (clean.)
Needle nose pliers.
Micro-Mesh abrasive sheets: 3200 to 12000 grit.
Ultrasonic cleaner.
Ultrasonic cleaning solution (high qudity, no-rinsing residue).
1000 mL beaker.
Qil-free, dry nitrogen.
Distilled or de-ionized water.
Petri dish.
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Procedure
1

Clean oven ( higher than 100°C setting).

Read all warnings at the beginning of this chapter before attempting to service the
probe.

Set up in advance a clean dust-free working area where to carry out this procedure.
Turn off the RGA and disconnect the ECU from the probe.

Wait for the probe to cool down for at least 30 minutes after the emission is turned
off. Severe burns can result if the probeis handled too soon.

Without disconnecting the cover nipple from the vacuum port, remove the six bolts
from the feedthru flange at the end of the probe and carefully dide the entire probe
assembly out of the vacuum system. The ionizer, the filter, and the detector are now
fully exposed and easily accessible.

Feedthru Flange

Yacuum Chamber

6.

L lonizer —

Vacuum Port
Probe Assembly

Figure 5 Probe Removal for Quadrupole Filter Cleaning

Carry the probe to a clean, dust free areaimmediately. Avoid contamination using
handling procedures compatible with high vacuum requirements.

Hold the probe in a secure upright position and do a thorough visua inspection of the
unit. Check for loose, damaged, misaligned and severdly contaminated components.
If excessive contamination is evident take the necessary steps to identify and
eliminate the contamination sources in the vacuum system. Carefully inspect the
ionizer and, if any problems are detected, replace the filament and/or the ionizer as
part of this maintenance procedure. Inspect the CDEM for signs of arcing and
contamination. If necessary replace the CDEM as part of this maintenance
procedure.

Head disassembly: Only arough outline of the complete disassembly of the probeis
presented here. Use the RGA Assembly Drawing of Chapter 9 asavisud aid
during the process.

Note the placement of all parts and their orientation before disassembly!

Begin by removing the filament following the necessary steps from the “ Filament
Replacement” procedure described in this chapter. Be very careful not to damage the
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10.

thoria coating if you intend to use the same filament during reassembly.

Next, remove the CDEM following steps from the “CDEM Replacement” procedure.
Store the multiplier in adry box or desiccator. Loosen the seven screws that fasten
the 1/8” diameter rods to the feedthru connectors, and remove the bowed e-clip from
the exit plate align rod that is located right above the CDEM. Y ou can now separate
the entire quadrupol e assembly from the detector/feedthru assembly. There are no
serviceable parts in the flange. Set it apart in a safe, clean area. Next, separate the
ionizer from the quadrupole filter by removing the e-clips that hold the 1/8” diameter
rods in place. Store the ionizer electrodes in a safe clean area. Disassemble the
quadrupole and set apart the precision ground rods for cleaning.

Thisisagood timeto carefully inspect al the components of the probe for damage
and contamination. Replace or clean any parts that are suspect.

Note: We do not recommend cleaning the alumina spacers, but if signs of severe
contamination are evident, ultrasound clean the two rings for 15 minutes with diluted
cleaning solution, and bake them out for 2 hours at 180° C after a thorough rinsing.
Rods cleaning: Use the Micro-Mesh abrasives to clean the rods. Begin by using the
finest abrasive which will remove the residue, normally 3200 grit. Then consecutively
use the next finer grit down to 12000 until the metal surface has a fine polished
appearance. Warning: Do not remove excessive materia from the surface of the
precision-ground rods.

After al metal surfaces have been polished, they must be cleaned to remove dl the
abrasive compound from their surface. Begin by placing the rods in a beaker with the
ultrasonic cleaner solution (Note: Any good qudlity cleaning compound that leaves no
residue after rinsing is good for thisjob.) Place the beaker in the ultrasound cleaner
and agitate for 30 minutes. Decant off the cleaning solution, and repeat the above
agitation with 4 to 5 consecutive washes with distilled water to remove the cleaning
solvent. Following the rinses, blow dry the rods with filtered dry nitrogen and then
bake them out in an oven a 180°C for fifteen minutes. War ning: After the parts
have been cleaned and baked out, they should only be handled wearing powder-free
latex gloves.

Head Reassembly: Only arough outline of the complete reassembly of the probeis
presented here. Use the RGA Assembly Drawing of Chapter 9 and your own notes
asavisua aid during this process.

Begin by assembling the quadrupole mass filter. Loosely attach the cleaned rods to
the alumina spacers with the spring-loaded, perforated screws. Tighten the screws
following the systematic procedure described next. Work on one spacer at atime,
using asingle, small turn of the screwdriver on each screw. After a single round of
eight screws, hold a spacer in each hand, and dightly torque the assembly back and
forth about its axis to make sure the rods are comfortably seated on their alignment
grooves. Repest this tightening procedure, one spacer a atime, constantly checking
the alignment, until the spring washers are completely compressed. Once the
quadrupole assembly is completed, mount the focus plate and the anode grid on it.
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11.

12

13.

Use new e-clips to hold the two ionizer plates against the top alumina spacer, but do
not install any e-clips on the bottom grooves of the connection rods at this time. Next,
mount the quadrupole assembly on the exit plate of the feedthru flange and secure it
in place tightening the two connector screws and inserting an e-clip in the exit plate
align rod groove. Insert the rest of the rodsin their correct locations and, while
checking for the correct alignment of their grooves and dots, tighten the rest of the
feedthru connector screws. Once the rods are in place, attach the two RF ribbon
connectors to complete the quadrupole filter assembly.

If the RGA probe has a CDEM, mount the multiplier at this time. Adjust the HV
connect rod as needed, and tighten all the necessary screws (The threaded hole on
the side dot of the rod lines up with the CDEM Clamp hole, and the top groove should
be correctly lined up with the edge of the alumina spacer’s aignment hole)

Install new bowed e-clipsin al the grooves located above the alignment holes of the
bottom alumina spacer. The clips hold the filter tightly againgt the exit plate. Finaly,
instal the filament and the repeller cage.

Visually inspect the probe to make sure al the parts are in place and correctly
aligned. Use an ohmmeter to make sure the electrodes are electrically isolated from
each other and from the body of the flange (ground).

Once satisfied, ingtall the probe back in the vacuum system and perform a complete
“Probe Bakeout” before using the RGA for measurements.

Perform a peak tuning procedure on the unit.
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SRS Probe Refurbishing Service

The procedures described in this chapter are designed to guide the user through the
various steps needed to maintain and/or repair the different components of the RGA
probe. These procedures should only be carried out by qualified personnel who fully
understand the critical alignment aspects of the instrument. Users who do not feel
comfortable or smply do not have the time to go through the different maintenance steps
can choose to send the RGA unit back to the factory for a complete Probe Refurbishing
Service. Please contact SRS to obtain information on this very fast and convenient
service.

Important: All usersreturning an RGA Probe back to the factory for repair and/or
service must submit a correctly completed “Declaration of Contamination of Vacuum
Equipment ” form along with the instrument. The SRS personnd carrying out the repair
and service of vacuum equipment must be informed of the condition of the components
before any work is done on the parts. A copy of the form is attached at the end of this
manual.
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Chapter 9
RGA Troubleshooting

This chapter describes basic troubleshooting proceduresfor the SRSRGA.

In This Chapter
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Warnings

The service information in this chapter isfor the use of Qualified Service
Personnel. To avoid shock, do not perform any proceduresin this chapter
unlessyou are qualified to do so.

Read and follow all “ Safety and Precaution” war nings before servicing the
product.

Danger ous voltages, capable of causing injury or death, are present in this
instrument. Use extreme caution whenever servicing any of its parts.

Do not substitute parts or modify the instrument. Because of the danger of
introducing additional hazards, do not install substitute parts or perform any
unauthorized modification to the product. Do not use the product if it has
unauthorized modifications. Return the product to SRS for service and repair
to ensurethat safety features are maintained.

Use only SRS supplied replacement parts.

Disconnect the ECU box from the probe befor e servicing any of the probe
components.

Turn off the emission and wait for at least 30 minutes beforeremoving a
probe from a vacuum chamber. Serious burns can occur if the probe
components are handled too soon.

Use proper vacuum procedures when handling the probe.
Avoid contaminating the probe:

* Work in aclean, dust free area. A clean room compatible environment
is best.

* Donot talk or breath on any of the parts.

*  Wear gloves!

* Useclean tools during service procedures!

*  Wear face masks, hair coversand no facial make-up.
Protect the integrity of the Vacuum seals:

*  Avoid scratching the metal seals.

* Do not use nonmetal seals.

Verify that the vacuum port is electrically grounded befor e attempting
installation of the RGA Head to the vacuum system.

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

Contact the factory for instructions on how to return the instrument for
authorized service and adjustment.
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Internal Error Detection in the SRS RGA

Severa firmware-driven checks automatically test the RGA when the instrument is turned
on, and continuously monitor the internal workings of the unit. A “Background Filament
Protection Mode” is activated, when the filament is turned on to protect the delicate
filament (and CDEM) from accidental overpressures. Several commands can be used to
trigger hardware tests on the ECU. Any one of the internal checks just described can
detect and report errors, but it is the responsbility of the user to monitor the RGA Head
for error reports.

Note: Refer to the last section of this chapter for alisting of the built-in hardware checks
available in the RGA Head.

Important: Even though the hardware tests built into the RGA Head can check the
instrument for alarge variety of problems, they cannot detect all possible error conditions.

There are two ways to detect the presence of errorsin the RGA:

1. Visually: Inspecting the red LED’s on the rear panel of the ECU.
The Error LED isturned on whenever a hardware problem is detected, and it flashes
twice if acommunications error is generated during programming.
The Burnt and Leak LED’ sindicate specific filament problems and are turned on, in
addition to the Error LED, whenever the ionizer’s emission is internaly shut down or
not established as requested.

2. Error Queries: Querying the Error Bytes with the Error Reporting commands.
The “Error Byte Definitions” section of the RGA Programming chapter describes the
different error bytes used to store the results of the internal checks. The “Error
Reporting Commands’ query the error bytes and can be used to quickly diagnose
problems.

RGA Windows supports al the Error Reporting commands and constantly monitors the
value of the Error Bytes. “Error Report” Windows immediately announce all detected
errors and identify the different problems based on unique Error Codes. Refer to the next
section of this chapter for Troubleshooting information specific to each Error Code.

Users developing their own RGA control software should integrate the Error Reporting
commands into their software, and use them periodically. Consult “Error Checking the
RGA”, in the RGA Programming chapter of this manual, for details. Use the Error Byte
Definitions listing to obtain the Error Codes for the detected errors.

Error Checking Tips:

Keep an eye on dl threered (i.e. error reporting) LED’ s while operating the RGA.

Diagnose and troubleshoot problems as soon as they are detected.
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RGA Windows users. Use the Retry button of the Error Report Window to trigger
one or two fresh error checks on the hardware, before declaring a problem.
RGA Programmers. Repeat the query command, if a problem was detected after the

last query.

Note that the values of the Error Bytes often change after an Error Byte query
command is executed. Some query commands update the byte value after performing
afresh test on the hardware, while others clear error bits, after they are read, to
provide a clean error-reporting date. Please see the Error Reporting Commands list
for details.

Communications errors are different from hardware errors in that the Error LED only
flashes two or three times when the problem is detected.

RGA Windows reports communications errors very explicitly as soon as they are
detected. RGA programmers will need to use the EC? command to diagnose the
problems.

RGA Programmers should consider having their programs automatically report the
Error Code for each problem detected.

Use the Get Head Info... command in the Head Menu of RGA Windows to get a
complete listing of &l the Error Bytes at any time.
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Basic Troubleshooting

A unique Error Code has been assigned to each one of the fault conditions that can be
internally detected by the RGA Head. The Error Codes are used only by the RGA
Windows program to report al internally detected errors.

This section lists causes and troubleshooting procedures for dl the possible Error Code
values available in the SRS RGA.

Error Code:
Typeof Error:
Error M essage:

Error Cause:

Troubleshooting:

Error Code:
Typeof Error:
Error M essage:

Error Cause:

Troubleshooting:

Error Code:
Typeof Error:
Error Message:

Error Cause:

Troubleshooting:

Error Code:
Typeof Error:
Error M essage:

Error Cause:

Troubleshooting:

DET1
Electrometer
Electrometer Error: OP-AMP Input Offset Voltage out of range.

A large offset input voltage is present in one or both of the I-V converter op-
amps. This problem results in electrometer calibration errors, and will cause
erroneous ion current readings.

Contact SRS.

DET3
Electrometer
Electrometer Error: COMPENSATE failsto read -5nA input current.

The logarithmic output of the temperature-compensating picoammeter is not within
the levels expected for a-5 nA input current.

Contact SRS.

DET4
Electrometer
Electrometer Error: COMPENSATE failsto read +5nA input current.

The logarithmic output of the temperature-compensating picoammeter is not within
the levels expected for a+5 nA input current.

Contact SRS.

DET5
Electrometer
Electrometer Error: DETECT failsto read -5nA input current.

The logarithmic output of the picoammeter is not within the levels expected for a -
5 nA input current.

Contact SRS.
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Error Code:
Typeof Error:
Error Message:

Error Cause:

Troubleshooting:

Error Code:
Typeof Error:
Error Message:

Error Cause:

Troubleshooting:

Error Code:
Typeof Error:
Error Message:

Error Cause:

Troubleshooting:

Error Code:
Typeof Error:
Error Message:

Error Cause:

Troubleshooting:

DET6
Electrometer
Electrometer Error: DETECT failsto read +5nA input current.

The logarithmic output of the picoammeter is not within the levels expected for a
+5 nA input current.

Contact SRS.

DET7
Electrometer
Electrometer Error;: ADC16 Test Failure.

The 16 bit andog-to-digital converter used to digitize the logarithmic output of the
picoammeter reports an output greater than 15 mV when itsinput is grounded.

Contact SRS.

EM7
Electron Multiplier
Electron Multiplier Error: No Electron Multiplier Option available in this head.

A function involving the eectron multiplier was invoked in a unit that does not
include the CDEM option (Option 01.)

Do not use any of the CDEM related commands in this unit.
Upgrade the RGA to an Electron Multiplier option (Option 01).

FL6
Filament “Background Protection Mode”.
Filament Error: Unable to set the requested emission current.

The filament heater was unable to establish the requested emission current. The
most common reason for this problem is a 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 aso be turned on if the Thoria coating of the
filament is excessively worn down or damaged. However, thisisamore rare
event due to the long life of the thoriated iridium filaments.

The following troubleshooting steps are recommended:
Note: Retry turning on the filament after each step.
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Error Code:
Typeof Error:
Error M essage:

Error Cause:

Troubleshooting:

Error Code:
Typeof Error:
Error Message:

Error Cause:

The RGA Head must be ingtdled in a vacuum system and pumped down to
pressures under 10 Torr for the instrument to operate correctly.

Check the pressure in the vacuum system.

Check for leaks, open valves or large sources of contamination that might be
causing severe overpressures.

If the pressure is OK (i.e. <10™ Torr), check for shortsin the ionizer assembly.
Using an ohmmeter check the conductance between the ionizer’ s connectors and
the vacuum system. (The ionizer feedthrus can be easily identified using the
drawings in the RGA Assembly Chapter).

If ashort is detected, remove the probe from the vacuum system , inspect the
ionizer and fix any shorts. Note: Use the information in the RGA Maintenance
chapter to remove the repeller and/or service the ionizer.

If the short is still present after that, remove the RGA Cover Nipple and inspect
the rest of the probe for other sources of shorts (i.e. misalignments, loose screws,
etc.). If no short is detected, the Thoria coating of the filament might be damaged.

Inspect the filament (best with a magnifying glass) and look for large sections of
Thoria coating missing. If a problem is suspected replace the filament using the
procedure in the RGA Maintenance chapter. If the filament still does not turn on,
contact SRS.

FL7
Filament “Background Protection Mode”.
Filament Error: No filament detected.

No filament was detected after an attempt was made to establish emission current
in the ionizer. The Error and Burnt LED’ s are turned on by this error.

A probe must be connected to the ECU.

The probe must have a filament.

The filament must have at least one intact (i.e. conductive) side. Use an ohmmeter
to check continuity across the filament (The two filament feedthrus can be easily
identified using the drawings in the RGA Assembly Chapter).

The probe must be correctly connected to the ECU. Tighten the locking screws of
the box

PS6
24VDC P/S.
Externa 24V P/S error: voltage <22V.

Voltage output of 24V DC Power Supply is under the acceptable 22-26V DC
range. The Power LED is turned off and the Error LED is turned on instead.
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Troubleshooting:

Error Code:
Typeof Error:
Error Message:

Error Cause:

Troubleshooting:

Error Code:
Typeof Error:
Error Message:

Error Cause:

Troubleshooting:

Error Code:
Typeof Error:
Error Message:

Error Cause:

Troubleshooting:

Error Code:
Type of Error:

Error Message:

Error Cause:

Check the voltage output of the external power supply with a voltmeter.
Adjust the voltage to 24 V in adjustable external supplies or replace the power
supply atogether if necessary.

Contact SRS if your unit has a built-in power supply (Option 02).

PS7
24VDC P/S.
Externa 24V P/S error: Voltage >26V.

Voltage output of 24V DC Power Supply exceeds the acceptable 22-26V DC
range. The Power LED is turned off and the Error LED is turned on instead.

Check the voltage output of the externa power supply with a voltmeter.
Adjust the voltage to 24 V in adjustable externa supplies or replace the power

supply altogether if necessary.

Contact SRS for units with a built-in power supply (Option 02).

RF4
Quadrupole Mass Filter RF P/S.
RF P/S Error: Power Supply in current limited mode.

The circuit that drives the primary of the RF Transformer isin current limited
mode.

Check for a short in the quadrupole connections.

RF6
Quadrupole Mass Filter RF P/S.
RF P/S Error: Primary Current exceeds 2.0 Amps.

The circuit that drives the primary of the RF Transformer is delivering an
unusualy large current.

Check for a short in the quadrupol e connections.

RF7
Quadrupole Mass Filter RF P/S.

RF P/S Error. RF_CT exceeds (V_EXT-2V) a M_MAX.
(M_MAX=100 for the RGA 100, 200 for RGA200 and 300 for RGA300)

The RF P/S goes out of regulation when the quadrupole mass filter is set to
M_MAX amu.

Note: When RGA Windows detects an RF7 error, it automatically tests the RGA
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Troubleshooting:

Head and quickly determines the maximum mass value a which the RGA mass
filter can be operated reliably (i.e. without the RF P/S going out of regulation). If
the available mass range is smaller than the user’ s selected scanning range, a
warning isimmediately displayed on the PC screen. The user can then choose to
proceed (i.e. ignore the problem at own risk) or can get information on how to
Troubleshoot the problem by pressing the Help button.

This problem should not beignored sinceit can be associated to
erroneous readings at high masses.

Is the quadrupol e probe connected to the ECU box?
The ECU’s RF P/S does not operate properly in the absence of a probe.

Isthe RGA Cover Nipplein place?
The SRS RGA will not operate without the RGA Cover Nipple in place.Consult
Hardware Modifications in the RGA Probe chapter of the manual for details.

Are the electronics warmed up?
The RF P/Sis optimized at the factory in a completely warmed up ECU box. Cold
operation reduces the efficiency of the RF P/S and can, in some cases, lead to an
RF P/S error. To completely warm up the RGA e ectronics (and match the
factory conditions) turn on the filament to the desired emission current and let the
electronics warm up for at least 15 minutes. Once the warm-up time has elapsed,
try to operate the RGA to seeif the problem has disappeared (for example, trigger
ascan over alarge massrange.) If the problem is still present, warm up the unit
further by performing one or more Degas cycles or setting the quadrupole mass
filter to 3 50 amu for 15 minutes (see Programming the Quadrupole Mass Filter in
Chapter 6 of the manual). It is good practice to keep the filament on as long as the
RGA isturned on. Operating the filament keeps the electronics and the probe
completely warmed up and assures reproducible readings at all times. The
filament is burn-out resistant and will operate continuoudy for along time.

Note: During the warm-up period, RGA Windows users should see that the mass
range over which the RGA can be operated reliably increases with time until it
goes beyond the user’ s requested scan range. No more warnings are posted
beyond that point. If no improvement in the mass range is seen as the unit warms
up then go on with the troubleshooting procedure.

Is the probe correctly connected to the ECU box?

Try disconnecting and reconnecting the ECU box to the probe. Securely
tighten the thumb screws to make sure good contact is made between the RF
P/S and the quadrupole rod pairs.
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Built-in Hardware Checks

Several firmware driven hardware checks are built into the RGA Head. Some checks are
automatically performed as soon as the unit is powered up (i.e. Power-on checks), and
others are activated when the emission from the ionizer is turned on (i.e. filament’s
Background Protection Mode). Mot of the checks can be triggered by query commands
(i.e. Error Reporting Commands) at any time.

This section describes the internal checks, based on the hardware components they test.
The information presented includes:

The type of check performed.
The bit of Status affected.
The specific Error Byte affected (See Error Byte Definitions).

The query command that can be used to trigger the check (see Error Reporting
Commands.)

The prefix of the Error Codes associated to the check.

Is this a Power-on check?

24V DC Power Supply

STATUS Bit affected: 6

Error Byte affected: PS ERR
Error Reporting Command: EP?
Error Codes prefix: PS
Power-on check?: Yes

The output of the external 24 V DC Power Supply must be between 22 and 26 Volts at al
times while the RGA isin operation. Its voltage level is automaticaly tested when the
instrument is turned on and can be checked at any time with the query command: EP?.
The same test is performed in units with built-in power modules (Option 02) to check the
voltage output of the interna switching power supply. If avoltage out of the allowable
range is found, the POWER LED isturned off, , the red Error LED is turned on, Bit 6 of
STATUS s set, and PS_ERR is updated to indicate the specific problem.

Electrometer

STATUS Bit affected: 5
Error Byte affected: DET_ERR
Error Reporting Command: ED?
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Error Codes prefix: DET

Power-on check?: Yes

lon currents from the Faraday Cup or the electron multiplier are measured with a very
sengtive logarithmic electrometer. The voltage levels are digitized with a 16 bit analog-to-
digital converter (ADC16) and turned into current values using a digital logarithmic
interpolation agorithm that calculate the currents from an internal calibration curve.

The Electrometer/ADC16 system is automatically tested by the firmware on power-on
and can be checked at any time with the query command: ED?.

Several tests are performed during the check:

1. The ADCI16 input is grounded and its digital output is measured to make sure it
corresponds to less than 15 mV.

2. A current of +5nA isinjected into the electrometer and the output is read and
compared to expected values.

3. Thesametest is repeated with -5 nA of input current.
If an error is detected: Bit 5 of STATUS is set, DET_ERR is updated, and the Error LED

isturned on. The detector is reconfigured to its pre-check configuration once the tests
areover.

Quadrupole Mass Filter RF P/S

STATUS Bit affected: 4

Error Byte affected: OMF_ERR
Error Reporting Command: EQ?

Error Codes prefix: RF
Power-on check?: Yes

The RF power supply that biases the rods of the Quadrupole Mass Filter is thoroughly
checked upon a power-on reset and can be tested at any time using the query command:
EQ~.

The RF amplitude is set at the level corresponding to the maximum mass vaue for the
head (100 amu for RGA 100, 200 amu for RGA 200 and 300 amu for RGA300) and the
following tests are done:

The voltage on the primary of the RF transformer is checked to make sureiit is at
least 2V lower than the DC voltage used to power the instrument.

The amount of current flowing through the primary of the transformer is checked to
make sureit isless than 2.0 Amps.
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RF_PRI is also checked (against RF_SET) to make sure the driver is not in current
limiting mode.

If aproblem is detected in any of these checks Bit 4 of STATUS is set, OMF_ERR is
updated, and the Error LED isturned on.

Filament’s Background Protection mode

STATUS Bit affected: 1

Error Byte affected: FIL_ERR
Error Reporting Command: EF?
Error Codes prefix: FL
Power-on check?: No

The filament is by far the most carefully protected component of the RGA.

When a electron emission current is requested, the RGA biases the ionizer and activates
the filament’ s heater until the desired electron current is achieved. The Filament LED is
turned on to indicate the presence of emission and the filament’ s “ Background Protection
Mode” is automatically enabled to continuoudy (675Hz) monitor the operation of the
filament.

The conditions detected during Background Filament Protection are:
Filament not present (burnt or not installed)
Unable to set the requested emission current.

If any of these two error conditions is detected while the filament is on, the heater is
immediately shut down and the specific problem is reported as follows:

Bit 1 of STATUS is st.

FIL_ERR is updated

Filament LED is turned off.

Error LED isturned on.

The Leak and Burnt LED’ s are updated according to the specific problem
encountered.

6. The Electron Multiplier is aso turned off.

abrowdNPE

Once detected, afilament error can only be cleared by successfully turning on the
filament to afinite electron emission current. It is aways good practice trying again, if the
first attempt to get emission failed. Please refer to the FL command in the “RGA
Command Set” to get more details on the operation of the filament.

Important: Background Filament Protection is also automatically enabled while the ionizer
isin the Degas Mode.
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Chapter 10

RGA Circuit Description

This chapter describesthe eectronics circuits located inside the Electronics Control Unit of
the RGA.

There are no eectronics componentsinside the RGA Probe.

Theinformation in this chapter isprovided for the use by qualified technical personnel during
service and repairs.

Warnings

The ECU isto be serviced by qualified technical personnel only. Thereare
no user serviceable partsinside.

Danger ous voltages, capable of causing injury or death, are present in this
instrument. Use extreme caution whenever the ECU covers are removed.
Do not remove the coverswhile the unit is plugged in.

Always disconnect the power before removing the covers of the ECU.

In This Chapter

OVEIVIEW OF the RGA ... et e e et et et e et e e eaeeeans 10-3
L@ (o L 7= =Y o] g o) oY P 10-4
(1= o T=T = T ==Y o T o) 1o Y o 10-4

(O] oAU = Yo T T o E- S TP P PRSP 10-5
DESCIPLION Of SCNEMALICS. . it it e e e e e e e eaeees 10-6
Schematic NAME: QM SE T L ..ot e e e e e e e e e e e e e eanees 10-6
IVHICTOPDIOCESSON ....tveeeeeuiteeeeesutteeeessstteeeessteeeesassbeee e e entteeeeaasbae e e e annbeeeeeansaeeeesansreeeesnnseeeeeans 10-6

DiIGITAl 1/O POITS......eeieieie ettt ettt be e s e e e e snne e e e 10-6

LI =3 = o SO PSPPSRI 10-7
TREIMPX POI ...ttt e e e e et e e e e st e e e s e eab e e e e e saneeeeaaareeeeeannes 10-7

B 0L S O o PSPPSR 10-7

L[0T <SOSR 10-7

RS232 INTEITACE.....eeee ettt e e et e e e e e e e e sare e e e e ansaeeeeans 10-8

SRS Residual Gas Analyzer




10-2

Schematic NAME: QM SE T 2. . it e e e e e e e ees 10-8
FAV o= 11 o= 1 o SRR 10-8
F Y B @0 01V = To o TSSO PUPRRRRP 10-9
POWES-UP CONAITIONING ...ttt ettt ettt e b e b e e saneas 10-9
Schematic NAME: QMSE _T3) .. ittt ettt et et e eera e 10-9
DC CONrol VOIAOES. ....cccceiveee ettt et e e s e e e e eab e e e e e nre e e e ennnneeas 10-9
RF AMPITUE DEECHION........eiiiiiiiee ettt st e e s e e e nneees 10-10
RFE AMPITUAE CONEIOL........eeeieiee et 10-10
Foldback Current LIMiItiNg.........ccooeeeiieieiiie it 10-10
Schematic Nname: QMSE_B L. ... 10-11
MaSS FIlter RF SUPPIY ..o 10-11
DTG = ) 1= RS 10-12
Schematic NAMeE: QMSE B2, ...ttt 10-12
Flament HEater SUPPLY oottt e e et e e e e e e e e e e e e nnnees 10-12
2T S =0 U = (0] £ PSP 10-13
Schematic Name: QMSE_B3 .. ...t 10-14
POWES SUDPIIES. ...ttt ettt e e et e e e e et e e e e nar e e e e s e aaneeeennrees 10-14
Schematic Name: QMSE _V i ... e 10-15
S To]0= I @ a o 110 1o F PP PPRTPRR 10-15
Schematic NamMe: QMSE _V 2 ... e 10-16
Electron Multiplier High VVoltage POWer SUPPIY ........vvveiiiiiieeeiiee e 10-16

SRS Residual Gas Analyzer



Overview of the RGA 10-3

Overview of the RGA

The SRS RGA is amass spectrometer consisting of a quadrupole probe, and an
Electronics Control Unit (ECU) which mounts directly on the probe’s flange.

The quadrupole probe is a mass spectrometer sensor consisting of an ion source, a
quadrupole mass filter, a Faraday cup and an optional eectron multiplier (Option 01). lons
are created from the residua gas of a vacuum system by electron impact ionization. lons
of a particular mass-to-charge ratio have stable trgectories through the mass filter,
depending on the DC and RF voltages applied to the quadrupole rods. The selected ions
are collected in a Faraday cup or multiplied in an electron multiplier.

The ECU box (3" x 4" x9”) contains all the electronics necessary to operate the RGA. It
connects directly to the probe's feedthru flange, and aso to a host computer. Its regul ated
power supplies set the ionizer voltages, the filament’ s e ectron emission current, the high
voltage across the electron multiplier and the RF/DC levels on the quadrupole filter. A
logarithmic transconductance amplifier converts ion currents into voltages that are read by
an A/D converter. A microprocessor and control firmware direct the operations of the
spectrometer, the data acquisition, and the communications through the RS232 sevia link.

The electronics operate from asingle 24 +/-2 V DC power supply. The peak current
requirement is about 2A. A universal input (90-264VAC, 47-63Hz) switching power
supply is provided as an option (Option 02) so that the system may be operated directly
from aline cord.
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Circuit Description

General Description
The specifications and features of the many circuits that drive the RGA are determined
by characteristics of the quadrupole mass spectrometer such as:

the ionizer settings available to the user,
the characteristics of the quadrupole mass filter,
the magnitude of the ion current levels detected during measurements,

an optiona eectron multiplier.

The ionizer consists of adual thoriated iridium filament heated by a current of about 3A at
1.7V. Thefilament and the associated repeller shield are held at a negative potentia
between -13 and -97V, determined by the electron and ion energy settings (Vrepeller =
ion energy - electron energy). Electrons from the filament are accel erated toward the
anode grid cage, which isheld at a positive potentia of +8 (low) or +12V (high). The 25-
105 eV dectrons ionize residual gas moleculesin the grid cage. The ions are then injected
into the mass filter, aided by the focus plate, which is held at a negative potentia of about
-90VDC (adjustable from O to -150V) to optimize the throughput of the mass filter and to
deflect electrons.

The mass filter requires two potentials be applied to two pairs of rods. The potentias are
given by: Vx/y(t) = +/- [ U + Vy cos(wt) ], where U isa DC potentia amplitude and Vo is
an RF potential amplitude. The physics of the quadrupole mass filter show that the
resolution of the instrument improves with the frequency w=2pf ( the ions interact with
the RF field for more cycles), however the required RF amplitude increases with the
sguare of the frequency. An operating frequency f=2.7648 MHz requires an RF
amplitude, Vo, of 1284 V (2568 Vpp) to measure ions with mass of 300 amu (8.56
Vpp/amu.). Theratio of DC to RF amplitude, U/V, controls the fractional mass
resolution, M/DM. For f= 2.7648 MHz, the DC potential, U, will +215VDC on one rod
pair, and -215 VDC on the other, for masses of 300 amu.

The rod structures 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 a fixed frequency.

lons with the selected mass are collected in a Faraday cup. The ion currents can be very
low, afew femtoamps, and have a very large dynamic range, up to about 100 nA. A log
I/V converter capable of smultaneously measuring ion signals over severa orders of
magnitude is a natural choice. Low Passfiltering of the signal is essentia in the presence
of the large rod potentials.

To improve the detection limit, by overcoming the noise floor imposed by the I/V
converter, an eectron multiplier may be used. The electron multiplier needs to be biased
with as much as -2500VDC to provide gains as large as 10”.
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Circuit Boards
There are two main PCBs inside the ECU package.

The top PCB has the CPU, RS232, digitd ports, the analog electronics for A/Ds and
D/As, and the RF amplitude detection circuit. A smal vertical PCB which holds the log
I/V converter connects to the top PCB. A second small vertical PCB holds the electron
multiplier’s HV supply. A third small vertical PCB is used to pass signas and power
between the two main PCBs.

The bottom PCB holds all of the power eectronics for the RF, filament hegater, ionizer
bias, and system power supplies.

Four PCB’ s between the two main boards are used:

1. To connect to the probe.

2. For thel/V converter.

3. To pass signals between the main boards.

4. To supply High Voltage to the CDEM.
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Description of Schematics

Schematic name: QMSE_T1

PAO
PA1
PA2
PA3
PA4
PAS
PAG
PA7

PB
0-7

PC
0-7

PDO
PD1
PD2
PD3
PD4
PD5

PEO
PE1
PE2
PE3
PE4
PE5
PEG
PE7

Microprocessor

An MC68HC11E9 microcontroller is used to control the system and to communicate with
the host computer. This centra processing unit (CPU) aso has RAM, ROM, EEPROM,
UART, octa 8-bit A/D converter, counter timers, and a multiplexed address/data bus to
accommodate an external 32Kx8 RAM. The ROM is used for program storage, the
RAM for data storage, the EEPROM contains calibration values for the particular unit.

The power-up reset and power-fail interrupts are provided to the CPU by U100, a

MAXT705.

Digital I1/0 Ports

The microprocessor’s I/0O ports are assigned as follows:

-RTS
-BUSY
CAL_EN
LE_DACI18
-CS DACS8
LD_LEDS
LD_MPX
LD_MISC

A8-15

AO-7 & DO-7

RXD
TXD
SPI_IN
SPI_OUT
SPI_CLK
-CTS

+24/6
RF_CT/5
RF_PRI
GND

GND
FOCUS |
FIL_DUTY
FIL_PRI

Low indicates that the host computer is ready for RS232 data.
Low indicates that the 16-bit signal A/D converter is busy.

High enables modification of EEPROM cdlibration data.

Set high to latch SPI data into 18-bit (RF control) D/A converter.
Strobe low to assert CSto octal 8-bit DAC.

Strobe high to load LED data into output register.

Strobe high to load multiplexer data into output register.

Strobe high to load miscellaneous data into output register.

High address bits for externa RAM

Multiplexed address and data bits for external RAM

RS232 data received from host computer.

RS232 data transmitted to host computer.

Serial peripheral interface data from 16-bit A/D converter.
Serid peripheral interface data to 8 and 18-bit D/A converters.
Seria periphera interface data clock.

Low to allow host computer to send RS232 data.

A/D input: +24VDC supply divided by 6.

A/D input: RF primary voltage divided by 5.

A/D input: RF primary current: 1V/400mA

A/D input: 0 VDC

A/D input: 0 VDC

A/D input: focus plate ion current: 1V/5nA

A/D input: filament heater duty cycle: 1V/20%
A/D input: filament heater primary current: 3V/A
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In addition to the 1/O port on the microcontroller, there are three 8-bit digital shift registers
which are loaded via the SPI, then strobed by a LD hit to transfer data to the parts' output
registers. The three digital output ports are assigned as follows:

The LED port

Q0 Set high to light an LED to indicate that the +24V power supply is“okay”.
Q1 Set high to light an LED to indicate that the filament is “on”.

Q2 Set high to light an LED to indicate that the unit is degassing.

Q3 Set high to light an LED to indicate that the CDEM high voltageis“on”.
Q4 Strobe high to set 1/V converter to LOG mode

Q5 Set high to light an LED to indicate that there has been an error.

Q6 Set high to light an LED to indicate that the pressure is too high.

Q7 Set high to light an LED to indicate that the filament is burnt-out.

The MPX port

Q0 CAL O LSB of current detector calibration attenuator multiplexer.

Q1 CAL 1 Middle bit of current detector calibration attenuator multiplexer.
Q2 CAL 2 MSB of current detector calibration attenuator multiplexer.

Q3 MPX_0 LSB of 16-bit A/D converter's input multiplexer.

Q4 MPX_1 Middle bit of 16-bit A/D converter's input multiplexer.
Q5 MPX_2 MSB of 16-bit A/D converter's input multiplexer.

Q6 EMIT_CTL  Filament heater duty cycle control: O=direct, 1=regulate
Q7 GRID_SEL Low for low grid potentid, high for high grid potential.

The MISC port
Q0 RF_ON Low to turn-off RF, high to turn on.
Q1 IONS_OFF  Pulse high for 50 msto reset relay and ground FC

Q2 IONS_ON Pulse high to set latching relay so FC signal enters I/V.

Q3 MULT_OFF  Pulse high to ground e-multiplier anode.

Q4 MULT_ON  Pulse high to connect e-mulltiplier to I/V.

Q5 LINEAR Pulse high for linear I/V converter (offset calibration).

Q6 R/-C Set high to read 16-bit A/D, low to initiate conversion.

Q6 CS VETO Set high to prevent (or release) -CS to 16-bit A/D converter.

'CI'IF(I)eC Ir(nsastelr clock of the system is an 11.0592 MHz crystal oscillator. This frequency was
selected for the following reasons:

1. Itiscloseto the maximum operating frequency for the 68HC11 (12 MHz).

2. When divided by four it provides a usable RF frequency (2.7648 MHz).

3. When divided by 128 it provides a clock for switching power supplies (86.4 kHz).

4. When divided by 256 it provides a clock for the high voltage DC-DC converter.

5. When divided by 384 it provides an exact PC baud rate (28.8 kbaud).
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6. When divided by 214 it provides a A/D convert rate (675 Hz).

Since the A/D convert rate is a sub-multiple of al the other system clocks, crosstalk from
the clocks will be synchronous, and will generate afixed offset to the signa (which may
be measured and subtracted) instead of noise.

The clock division for the 28.8 kBaud rate is done by the microcontroller; the rest of the
clock divison is done by U108, a 74HC4020 14-stage ripple divider. The 172.8 kHz
square wave is formed into a 100 ns wide pulse to be used as a switching power supply
sync pulse, which is divided by two by the power supply controller. U109, a 74HC74 dua
D-type flip-flop, provides the complimentary drive required for the RF and high-voltage
inverter circuits. Either of these drives may be turned off (both Q and -Q outputs set high)
by setting the control bits RF_ON or HV_ON low.

RS232 Interface

The microcontroller communicates with a host computer via the RS232 interface. The
RS232 interface is configured as a DCE (data communications equipment) at a fixed baud
rate of 28.8k, with hardware handshaking via CTS (clear-to-send) and RTS (request-to-
send), and uses a PC compatible female DB9 connector. So, the quadrupole will transmit
data on pin 2, receive data on pin 3, assert CTS on pin 8, and look for RTS on pin 7. Pin 5
isthe signa and chassis ground.

Schematic name: QMSE_T2
I/V calibration
The current signa from the Faraday cup or eectron multiplier is converted to a voltage by
the logarithmic 1/V converter (see schematic QMSE_V1). This converter requires careful
calibration and bias in order to assure accurate readings over its 8 decade range. A
programmabl e voltage source (U209 and associated components) can provide voltages
from microvoalts to volts, which are applied to the I/ converter viaa 1GW resistor to
generate calibration currents from femtoamps to nanoamps. The calibration source is aso
used to biasthe I/V converter during scans to establish the bandwidth/noise floor tradeoff.

A second 1/V converter channel is biased by the calibration source to alow for
temperature compensation of the detection channel. Both 1/V converters are biased by
equa currents from the cdibration source, so that their output voltages are nearly the
same when there is no ion current being detected. The outputs of each 1/V converter may
be read via the 16-bit A/D for cdibration and offset nulling. The outputs of the I/V
converters are subtracted in a differential amplifier (U211A) with again of 5.23 and a
bandwidth of 1 kHz.

The differential amplifier is followed by a Butterworth filter (U211B) with again of 1.59,
a-3 dB point of 300 Hz, and aroll-off of -12 dB/octave. The filter is used to reduce the
noise on the signa which is above the Nyquist bandwidth for a 675 Hz sampling rate. (In
low bias current cases, the bandwidth of the signal is much lower, per the diode time
constant.) R233 insures that the output of the filter cannot exceed the +/-5V range of the
1:8 multiplexer at the input to the 16-bit A/D converter.
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A/D Conversion

Severd different signals and a ground reference may be multiplexed to a 16-bit A/D
converter by U201, a 74HC4051. The control bits MPX_0-2 are used to select one of the
8 inputs. The sdlected input is amplified by U202A by 2x to scale the input for the +/-10V
range of the A/D converter, U203.

The CPU can measure the offset of the input multiplexer, op-amp, and A/D converter by
selecting input X7 (the circuit ground). The measured offset is subtracted from readings
taken for the other inputs.

A conversion isinitiated by -CS ADC16 going low while R/-Cislow. -CS ADC16 is
asserted when the 675 Hz convert clock from the 74HC4020 (U108) goes low provided
that CS_VETO (MISC port bit 7) islow. The 675 Hz convert clock going low aso
initiates an -IRQ to the CPU. In response to the -IRQ, the CPU sets CS VETO high
(which sets-CS_ADCI16 high) and sets R/-C high to dlow the datato be read. The -
BUSY output will remain low for up to 20ns during a conversion. When -BUSY goes
high, the CPU returns CS_VETO low, which again asserts the -CS_ADC16 (thistime
with R/-C high), and reads the data from the ADC viathe SPI. Since the ADC shiftsits
data on the rising edge of the data clock (i.e. data should be read on the falling edge of the
data clock) the inverted SPI clock is used as the data clock to the ADC. Thiswill aso
permit s multaneous transmission of data to the 18-bit RF amplitude control D/A. The
CPU sets R/-C low after the data is read to prepare the A/D for the next conversion
cycle.

Power-up Conditioning

The A/D reference output (+2.50VDC) is amplified, buffered, and inverted by U302A& B
to provide system references of +/-5.00VDC. These references are set to zero volts
when the system is reset so that other analog signas (such as the HV and filament control
sgnals) will stay at zero until set by the microcontroller.

The triple 2:1 analog switch U301, a 74HC4053, is used to make certain that various
circuits remain off when the system is reset, until the CPU can establish the system
environment. Upon reset the dud flip-flop U300 is reset. The output of the second flip-
flop, which controls al three channels of the analog switch, will return high with the
second port strobe from the CPU to the MISC bits port. Immediately following a reset,
EMIT_CTL will be low (to multiplex EMIT_SET to control the duty cycle of the filament
heater circuit directly), the +5.00REFs will be set to zero (so that all the analog control
signaswill be zero), and the output current from the 18-bit DAC which controls the RF
amplitude will be shunted to ground.

Schematic name: QMSE_T3)
DC Control Voltages
U307, aMAX528 octa 8-bit DAC, provides DC voltages to control various parametersin
the system. Each output has a range from O to 4.98V with a step size of about 19.5 mV.
The eight outputs and their functions are listed here:

0 RES CTL This output (-2.5V and times 1) increases the rods DC.
1 EMIT_SET  Thisoutput (times1 or 10mA/V) sets the emission current.
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RPL_SET This output (times -20) sets the repeller and filament bias.
FOC_SET This output (times -30) sets the focus plate bias.

HV_SET This output (times -500) sets the electron multiplier bias.
+OFFSET This output (-2.5 & times .001) fixes the detector offset.
-OFFSET This output (-2.5 & times .001) fixes the reference offset.
CAL This output (-2.5V then times -2) is the calibration source.

OO NWhs

RF Amplitude Detection

The amplitude of the RF is detected by a full-wave charge pump detector. In order to
provide a symmetrical load to the generator, the amplitude on both rods is detected and
summed. The charge pump works as follows: as the potential on the rod reaches a peak,
the 0.5 pF capacitor (C750 on the PCB which holds the flange socket) is charged to the
maximum voltage, Vp + Vdc - Vdiode with current flowing to ground via D303, a
Schottky diode. During the next half cycle, C750 is charged to -Vp + VDC + Vdiode with
current flowing through D302 from the virtua ground at the inverting input of U305. The
total charge transfer to the op-amp isC x dV = C x (Vpp-2Vdiode). This charge is
pumped every cycle from two charge pumps, so the current is | = 2fC(Vpp-2Vdiode). For
C=0.5pF and f=2.7648 MHz, and ignoring Vdiode, the current is 2.76nmA/Vpp. This
current flows through the 698W feedback resistor, R312 in pardld with R322, which is
selected to calibrate the detector’ s sensitivity.

The output of the charge pump’s I/V converter (U305) is filtered and attenuated by the
3rd order dliptic filter (C303-305 and L300) which has a characteristic impedance of
200W and a notch at 5.6MHz, which corresponds to the second harmonic of the detected
RF signal. The potentiometer at the output of the filter (P300) is adjusted to provide a
voltage of Vpp/1000. This signa is used as the feedback signa to control the RF
amplitude.

The adjustment of P300, the RF amplitude detection gain potentiometer, is very important
in order to maintain constant resolution and sengitivity throughout a scan. P300 should be
adjusted so that He and Kr have the same resolution with RES CTL at afixed nominal
level of +2.50VDC. From here, empirica adjustmentsto RES CTL vs. amu may be
made to optimize the instrument's performance, but to first order, RES CTL will bea
constant. (Factory ca only with DS=0.)

RF Amplitude Control

The detected RF amplitude signal, VPP/1000, is compared to the RF level control
(RF_SET) from the 18-bit DAC U303. If the detected level is below the set level then the
output of U306 dews upward, increasing the primary drive, increasing the RF level, until
the RF level reaches the set level. U306 is configured as a differential amplifier with a
gain of 5, which uses the ground reference from the bottom PCB, so as to reduce the
effects of noise and ground offsets between the PCBs. The CPU may scan the mass
filter by ramping the 18-bit DAC output between 8.56mV (for 1 amu) and 2.56V (for 300
amu).

Foldback Current Limiting
The RF output is approximately linear in the RF primary drive current. The scale factors
for the detected RF_SET and the measured RF primary drive current (RF_PRI =
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1.5V/A) were chosen so that RF_SET should aways be larger than RF_PRI if the
system is operating properly. In the case of afailure which causes excessive primary
drive current, the output of the difference amplifier, U304B, goes positive as RF_PRI
goes above RF_SET. The output of U304 will limit the primary drive current as the
current through D304 increases. In this case, which is detected by the CPU as
RF_PRI>RF_SET, the RF level will be less than the level set by the 18-bit DAC.

The 18-bit DAC output is also used to set the DC potentials applied to the mass filter.
RF_SET ismultiplied by 4 by the differentia amplifier U304A, which uses the bottom
PCB for its ground reference. The output of U304A is passed to the bottom PCB via
JP301 to control the DC bias sources.

Schematic name: QMSE_B1.
Mass filter RF Supply
The Toroid: The design approach was dominated by the characteristics of the RF
transformer. This iron-powder toroid provides a step-up of 39:1 for the RF. The
secondaries have a self-inductance of about 16 UH so as to resonate at 2.7648 MHz with
the capacitive load presented by the rods in the mass filter together with the parasitic
capacitance of the secondaries.

The primary of the transformer is a single turn driven by a square wave voltage at
2.7648MHz through a series inductor (T401) of 0.5mH. The step-up transformer is driven
dightly off resonance, so that its input has a capacitive reactance, which resonates with
the 0.5nH inductor at the drive frequency. This approach is used to reduce power losses
in the drive circuit (the FETs are switched when the current is nearly zero), and to reduce
the digtortion in the RF output (as the drive current is very nearly sinusoidal).

Dueto variations in the core material used in the step-up transformer, each unit must be
tuned by adding capacitors across the primary. Thisis done by programming the unit to
operate at 100 amu, and by finding the combination of capacitors (connected between
JA01 and J403) which minimize the drive voltage as measured at JA00 (which is
RF_CT/5). Polypropylene capacitors with a voltage rating of 50V are used to tune the
primary reactance for minimum power |oss.

The 39 turn secondaries are wound in a very specia fashion: the two windings are placed
side-by-side so that the magnetic flux seen by the two windingsis very nearly identical.
Measurements on these transformers show a difference in self-inductance between the
two secondaries of less than 0.1%. This isimportant to assure that the magnitude of the
RF for the two secondaries will be very nearly equal. Silver plated, Teflon coated wireis
used for the secondaries to reduce skin effect losses and to minimize interwinding
capacitance, and to reduce the loss tangent in the dielectric.

Primary Drive: The square wave voltage drive is provided by apair of IRF510
MOSFETS, Q402 and Q403. Theses FETs have delay and transition times on the order of
25 ns, and are operated as switches. The gates of the FET’ s are driven by complimentary
suare waves at 2.7648MHz with 50% duty cycles from U401, an SN75372. Each FET is
on for about 180 ns.
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The amplitude of the square wave drive is controlled by the DC supplied by Q401, a
D44V H10 high speed npn power transistor. The op-amp U400 integrates the error signal
from U306 on the top PCB to maintain the detected RF equd to the signa “RF_SET”
from the 18-bit D/A.

The primary current is passed through the FET's 0.25W source resistor. The voltage
across this resistor is amplified by U402B and may be read by the CPU. Approximately
1.5A isrequired to generate 2568V pp required at 300 amu.

At low drive levels, the charge injected via the gate-source and gate-drain capacitances of
Q402/403 are a significant source of error. To compensate, the network of R413, R414
and C406 couple a signd with the correct amplitude and phase into the primary drive
inductor, T401, to cancel the charge injected viathe FET gates.

DC Potentials

In addition to the RF, DC potentials of about £1/12th the RF peak-to-pesk valueis
required for the two rod pairs. The op-amp U403A is the error amplifier which maintains
the negative potential equa to afraction of the set RF level. When DC_SET goes up, the
output of the op-amp goes up, increasing the current in Q406, increasing the current in
Q407, bringing down the collector of Q407, which is the output of the negative potentia
voltage regulator.

The op-amp U403B isthe error amplifier for the positive potentia. The positive potentia
is compared to the negative potential by R431 and R432. When the negative potential
increases, the non-inverting input to U403B will go down, lowering the op-amp output,
increasing the current in Q405, increasing the current in Q404, thereby increasing the
positive potential until it matches the magnitude of the negative potential.

Schematic name: QMSE_B2.
Filament Heater Supply
The sengitivity of the quadrupole depends on the filament emission current, which depends
on the filament temperature and bias with respect to the grid. Asthe grid to filament bias
is fixed to optimize the electron impact ionization cross section, the filament emission
current is controlled by controlling the filament temperature via the filament heater
current’s duty cycle.

A switching power supply, which is synchronized to a sub-multiple of the master clock at
172.8 kHz, is used to provide heater power to the filament. (Note that two clocks are
required for each cycle, so the primary drive current is at 86.4 kHz.) The switcher’s
transformer has a 6:1 turns ratio, reducing the +24V input to a4V output, which leaves
about 3.5V after rectification in the dual Schottky diode, D501.

The primary of the transformer is operated from the +24VDC supply, and is driven
differentialy by a pair of IRF530 MOSFET’s. An LT3525 switching controller, US01, is
used to drive the FET gates. The duty cycle of the gate drive depends on the voltage at
the COMP pin (pin 9). A voltage of about 0.9V or below will set the duty cycle to zero.
The duty cycle increases to a maximum near 50% (for each gate) as the voltage on this
input is increased to about 3.3V.
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The analog switch, U500, controls the source of the signal to the COMP pin. If
EMIT_CTL islow (asit is after areset) then the DAC signal EMIT_SET is connected
directly to the COMP pin alowing for direct control of the filament heater’s duty cycle by
the CPU. This mode is used when the filament is first turned “on” to verify that the
pressure is low enough to allow the filament to remain “on”.

When EMIT_CTL is set high, the COMP pin is connected to the compensation capacitor
C500, which will be charged and discharged by the transconductance error amplifier in
US01. The error amplifier will compare the EMIT_SET voltage (or the attenuated
EMIT_SET voltage, depending on the state of the DE_GAS hit) to the voltage seen on
the 100W emission current shunt resistor, R522. (The current sensed by this resistor is
actualy composed of three components: the filament emission current, the repeller
voltage/100kW, and Vref (+5V)/30kW. All of these components sum. With arepeller
voltage of -60V, the two non-emission sources sum to 0.60 + 0.166 = 0.766 mA.. So, to set
an emission current of 2 mA, EMIT_SET, which provides 1 mA/V, is set to 2.766VDC.)
The emission current may be set to values as high as 50 mA during the de-gas procedure.

The primary side current drive may be sensed in the 0.5W FET source resistor. The
voltage across this resistor is filtered and amplified by 6X, and may be measured by the
CPU. The duty cycle of the FET switches may also be measured by the CPU viathe
voltage labeled "FIL_DUTY". A drop of about 40% in the primary side current for a
particular duty cycle value indicates that one of the two paralld filaments has burnt out. A
drop of 90% indicates that both filaments are missing.

If the source sense resistor voltage reaches 1V (when the primary side current reaches
an ingantaneous value of 2A) the LT3525 will terminate the gate drive to FET for the
remainder of the cycle. This feature protects the circuit in the case of a short circuit or
other severe faullt.

Bias Regulators

The regulated repeller and focus plate biases are controlled by the CPU. The set voltages,
RPL_SET and FOC_SET are multiplied by -20 and -30, respectively, by the bias
regulators.

If the control signal RPL_SET isincreased, the non-inverting input (and so the output) of
the op-amp U502B will go up, increasing the current in the opto-isolator’s LED, increasing
Q502's callector current, increasing the magnitude of the (negative) repeller bias.

If the control signal FOC_SET isincreased, current is injected via the 61.9kW resistors
R538 and R539 directly into the emitter of Q506 and away from the emitter of Q505
which are biased at ground. These currents are mirrored by Q503/504 and Q507/508 to
the output node, which has a IMW resistance to ground via R531, providing an overal
gain of -30.

Imbalances in currents due to focus plate currents or current mirror mismatches are made
up by the op-amp U504A. If the output is smaller (less negative) than it should be, the
non-inverting input to US04A will be postive, causing its output to ramp up. This
increases the current into the emitter of Q506 and decreases the current into Q505. These
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currents are mirrored to the output, increasing the current in Q508 and decreasing the
current in Q504, pulling the output more negative. The output of US04A will go up by 1V
for each 1InA of ion current collected by the focus plate. The output may be digitized by
the CPU to monitor the ion current in order to watch for excessive operating pressure.

Since the focus plate may collect ions when set to any potential below the grid potential,
and since it may collect electrons when set to any potential above the repeller voltage, the
focus plate regulator is designed to sink or source current.

The grid voltage is supplied by the op-amp U502A. This op-amp is operated with a gain of
six to amplify the voltage selected by the analog switch U500. The op-amp is protected
from possible discharges, which would connect the grid to the repeller potential, by R517
and D500.

For a high power de-gas, aDPDT relay is used to by-pass the bias regulators, connecting
the grid and repeller directly to the un-regulated +250V dc and -150V dc supplies. During
de-gas, the filament emission current is set to 20 mA, which will provide about 8W of
power to heat the grid, in addition to 15W of filament heater power.

Schematic name: QMSE_B3
Power Supplies
The unit is operated from +24VDC, and requires up to 2.0A. (The current draw will be
the highest when the unit is scanning at the high end of the mass range, or during de-gas.)
The unit is protected against power supply reversal by D610. A 5A circuit board mounted
fuse limits damage in the case of a severe circuit failure. The DC input isfiltered by
C615, L601 and C616, which aso reduce conducted emissions from the unit.

A DC-DC inverter is operated from the +24V supply to provide -140V for the repeller,
250V for the mass filter bias sources, and -20V for the negative linear voltage
regulators. The primaries to the inverter are driven by FET’s. A switching power supply
regulator, U601, provides 12V sguare wave drive voltages to the FET’ s which are sync’'d
to a sub-multiple of the master clock. Overcurrent protection is provided by U601 on a
cycle by cycle basis. U601 does not regulate the outputs of the inverter, rather, its COMP
pin istied high to provide the maximum duty cycle.

Thefirst of three secondaries is full wave rectified by D611-D614. This output is used
only to bias the repeller, which alows the filament emission current to be monitored and
controlled with high precision. The next secondary has a pair of half-wave doublers
(C635, C636, and D615-D618) to provide £250V. The third secondary has a full wave
rectifier (D619-D622) to provide -20VDC, which isfiltered by C622,C623 and L603.

All three secondaries are balanced so that no DC current is drawn in order to avoid
saturation in the un-gapped transformer core of T601.

The positive power supplies (+15 for the op-amps, +12 for the RS232 and MOSFET
drivers, +5 CLEAN for the signal multiplexers and A/D converter, and +5 for the logic
circuits) are derived via linear three terminal regulators (U602-605) from the +24V

upply.
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The negative supplies (-15 for the op-amps, -12 for the RS232, and -5 for the A/D and
analog multiplexers) are provided by the linear regulators U606-608 from the -20V
generated by the main inverter.

Schematic name: QMSE_V1
Signal Conditioning
The output from the mass filter is avery small ion current which is proportiona to the
pressure of the selected mass. The lowest pressure which may be measured by the
instrument is proportiona to the lowest current which may be detected. Extreme care is
required to achieve low drift and low noise current measurements at these very low
current levels. In addition, the instrument needs to measure a wide range of pressures,
which requires current measurements over a wide range.

The senditivity of the ionizer and mass filter is about 100nA/Torr, and is nearly constant
from 0 to 5x10°° Torr, so we expect ion currents from 0 to 5 nA. To accommodate this
large dynamic range, alog I/V converter is used, whose output is amplified, filtered, and
digitized by a 16-bit A/D converter. (The high resolution A/D is required to assure that the
guantization noise of the A/D is smaller than the shot noise of the I/V converter's bias
source, and to provide sufficient resolution.)

At the core of the detection system isthelog I/V converter. A standard arrangement is
used, where the current is applied to the inverting input of a very low bias current op-amp
(U700) and adiode is used between the output and the inverting input of the op-amp.
Small signa JFETs transistors (Q700/701) are used as diodes, as they have well
characterized (and very low) reverse gate |eakage currents.

A programmable current source is also applied to the inverting input of the op-amp. This
source serves two purposes: it is used to calibrate the gain of the I/V converter (which
changes with temperature), and it provides a bias current to the diodes during data
collection. As a calibrator, the current source can output currents from 0to 5 nA. Asa
bias source, it is programmed to provide 500 fA to 64 pA depending on the speed and
sengitivity required for a scan. (High speed scans require high bias currents which reduce
the time-constant though the diode, and high sensitivity scans require low bias currents to
reduce the shot noise of the bias current source.)

At 500 fA bias current, the Johnson noise current of the 1GW current source resistor
(about 4 fA/OHZ) establishes the noise floor for ion current measurements. At higher bias
currents, the shot noise of the bias current establishes the noise floor. For example, shot
noise associated with a 500 pA bias current is about 12.7 fA/OHz. In addition, the
bandwidth of the detector increases with bias current, increasing the noise.

Back-to-back diodes are used to alow either ion currents (Faraday cup case) or electron
currents (electron multiplier case) to be measured. During calibration procedures, the ion

current is shunted to ground by alatching relay, U701. A latching relay is used so that the
relay coil will not be active during either calibrations or measurements.

The input offset voltage of the I/V converter's op-amp is nulled prior to calibrating the
converter's gain. Thisis done by strobing the MISC port bit (LINEAR) high, which
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activates the relay U702, configuring the op-amp to a linear amplifier with again of 1001
for it's own input offset voltage. The CPU then adjusts +OFFSET to null the output of the
op-amp, nulling it's input offset voltage. The I/V converter is returned to the log mode by
strobing the LOG hit high.

A second and identical I/V converter resides next to the I/V converter described above.
The second 1/V converter is operated and calibrated in the exact same manner, however,
collected ion currents are not applied to its input. The primary purpose of the second
channdl isto correct the output of the first I/V converter against temperature effects.

Schematic name: QMSE_V2
Electron Multiplier High Voltage Power Supply
The electron multiplier option extends the operation of the RGA to much lower pressures.
By multiplying the ion current before detection in the I/V converter, the signal to noise
ratio is not affected by the bias current noise of the I/ converter. Since the gain of the
electron multiplier varies rapidly with applied bias, well regulated negative high voltage
supply is required.

A switching power supply, synchronized to a sub-multiple of the master clock at 43.2 kHz,
followed by a voltage multiplier, is used to generate a negative high voltage. The multiplier
output is compared to the set level (HV_SET) by an error amplifier (US00A) which
controls the voltage on the center tap of the primary via Q800. The primary current in the
HV inverter is sensed by R814, a 2.2W resigtor. If the primary drive exceeds 230 mA, the
output of the difference amplifier US00B will go positive, reducing down the primary drive
level.

The HV power supply piggy-backs off the vertical interconnect PCB in between the top
and bottom PCBs. The HV power supply will only be ingtalled in units which are ordered
with the channel eectron multiplier option.
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Chapter 1
RGA Probe Assembly

Thischapter containstwo RGA probe assembly drawings.

In This Chapter

RGA Probe Assembly SchematiC..........ccoveviiiiiiiiiiiiiic e

Feedthru Flange Connectors SchematiC.........cccoccovieiiiiiiiiiineineannns
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Appendix A
Vacuum Diagnosis with SRS RGA’s

Introduction

Residual Gas Anayzer (RGA) isthe term for a class of mass spectrometers. They are
all quadrupole mass spectrometers and typically cover mass ranges from 1 to 100 or 200
amu (atomic mass units). The RGA’s resolution is sufficient to clearly distinguish peaks
that are 1 amu apart. They are designed for the analysis of the gases present in high and
ultra high vacuum systems. The specifications of the RGA are a perfect match for
vacuum diagnosis. Not many materias with a mass greater than 200 amu will be volatile,
and so asmal mass range is suitable. The high resolution of a research grade mass
spectrometer is not necessary for the analysis of low molecular weight species. Overal,
RGA'’s are affordable instruments that can be permanently attached to a vacuum system.

Experiments and processes are performed under vacuum for two main purposes:. to lower
the total pressure to a suitable level and to provide an extremely clean environment. An
ion gauge addresses the first purpose, but only an RGA can address the second. The high
senditivity of some processes to specific impurities makes the goa of cleanness more
difficult to achieve than the required total pressure. A typical method of making a system
cleaner isto lower the total pressure. The assumption being that the partial pressure of
the impuritiesis directly related to the total pressure. This assumption failsin two ways.
First, it issSmply not true; atotal pressure measurement cannot tell the user tell the user
the level of impurities. Asan example, a system operating at atotal pressureof 1.1°
10°® mbar might consist of 1.0~ 10°® mbar of water due to outgassing and 0.1~ 10°® mbar
of air dueto aleak. An overnight bake out of the vacuum system reduces the total
pressureto 0.2~ 10° mbar; 0.1~ 10® mbar iswater and 0.1 10° mbar isair. Isthe
vacuum system cleaner than before the bakeout? |If the process or experiment is
sensitive to oxygen, the system is no cleaner than before the bakeout. Second, the
assumption fails because total pressure measurement is not very precise; measurements
more precise than 10% are difficult and expensive. If a system is operating at a standard
pressure of 1.0~ 10" mbar and the next day the pressureis 1.1~ 10 mbar would there
be cause for concern? The vacuum system could be filled with 10% oil vapor or the
pressure gauge sensitivity could have changed 10%. The RGA is designed to address
exactly these types of questions, by immediately showing the user what isin their vacuum
system.

The primary application of the RGA is to analyze the composition of a vacuum system.
The composition can be used to detect impurities, monitor gas fills, or analyze ongoing
chemistry. Another application of the RGA is as aleak detector. It servesthis use very
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well and in many ways is superior to a portable helium leak tester. In the remainder of
this application note we will illustrate the usefulness of an RGA. The data shown arered
results from experiments designed to illustrate certain points.
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Compo

sition Analysis

The SRS RGA software allows the composition of the vacuum system to be analyzed by
two methods. The most common is to measure the mass spectrum of the vacuum. This
provides a“fingerprint” of the residua gases in the vacuum system. A second method is
to track specific species or peaks of the mass spectrum. The first method, analog scan
mode, is most useful when the user does not know what is present in the chamber. Once
the identities of the species have been determined, individual peaks can be tracked using
either pressure vs. time, table or annunciator mode.

The Mass Spectrum
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The fundamental operation of the RGA is as a mass spectrometer. Figure 1 shows a
graph of partial pressure versus mass, which was measured with an RGA with an
eectron multiplier detector.
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Figure 1: Partial Pressure vs. Mass

The scan was taken of a vacuum system near its ultimate vacuum. The pressure axisis
plotted on alogarithmic scale so that alarge range can be seen. The log scale makes the
peaks appear wider than when plotted on alinear scale. This scan from 1 to 75 amu
shows some gases commonly present in vacuum chambers. There are many peaks, but
they are caused mainly by 7 species. Hydrogen isat 2 and helium at 4. Water gives
primary pesks at 16,17, and 18 due to the species O", HO", and H,O" . The smaller
peaks at 19 and 20 are due to ®0 which is naturally present at 0.2%. Nitrogen isat 28
and also causes the peaks at 14 by atomic N* and the doubly ionized N,*. Molecular
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oxygen shows a peak at 32 and an isotope peak at 34. Argon shows a peak at 40.
Carbon dioxide shows a peak at 44 and a peaks for CO,"™" and C* at 22 and 12. The
other peaks are caused by fragments of these species and contaminants.

The presence of air components in the spectra might lead us to believe that the system is
leaking, but thisis untrue. The hybrid turbomolecular pump has smply reached its
compression limit. The foreline of the pump was operating at atotal pressure of 0.5 Torr;
thereby the compression ratio isin the 10° range (as the pump specifications indicate).
Nitrogen, oxygen and argon are al present in the same ratios as standard atmosphere.
The presence of helium isinteresting, because it is present in the atmosphere at about 7
ppm. lts peak might be expected 6 decades smaller than the nitrogen peak. The low
compression ratio of the turbo pump for helium (10°) explains why the peak is only three
decades smaller.

The ability to detect these common species and many others is the essence of the RGA.
The fragmentation of molecules in the ionizer of the RGA gives each molecule a distinct
fingerprint. The fragmentation patterns for many moleculesis available from the library in
the SRS RGA program. Keeping a historical record of the typical spectrum of avacuum
system allows the appearance of peaks to be instantly detected. For instance, the peak at
48 in Figure 1 is SO from SO, (a matching peak at 64, not shown on the figure confirmed
this). On occasion this peak is seen in our chambers. If SO, appeared in your vacuum
system would you want to know? In addition to these simple gases, we are interested in
molecules with higher weights. The next two examples show how oil and solvents can be
detected.

Oil Contamination
Figure 2 contains a mass spectrum of a common contaminant of vacuum systems, oil.
The top pane is the measured spectrum and the bottom pane is the library data.
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Tomw Vacuum Diagnosis
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The presence of mechanical pump oil isimmediately obvious. The peaks at masses 39,
41, 43, 55, and 57 are caused by mechanical pump oil backstreaming into the vacuum
chamber during aload lock sequence. The total pressure in the chamber was dominated
by water and was lessthan 2 102 Torr. In this case, the total pressure might satisfy
operating conditions but the spectra reveals that the system is heavily contaminated with
oil. This could have been caused by improper valve sequencing or a saturated oil trap.
Without an RGA, only operating procedures for valves and a maintenance schedule for
traps can ensure that the cleanliness of a vacuum system is maintained. With the RGA,
the cleanliness can be guar anteed before a process or experiment begins.

Solvent Contamination

Oil contamination is common in vacuum systems. Cleaning parts with solventsis a
common approach to removing this contamination. We have observed that organic
solvents such as acetone and 1,1,1-trichloroethane (TCE) are more tenacious
contaminants than the oil they are designed to remove. Figure 3 shows the spectrum of a
vacuum system contaminated with TCE as evidenced by the mgjor peaks at 97 and 99,
and the minor peaks at 61, 63, 117 and 119. The paired peaks are caused by the natural
isotopic occurrence of *°Cl and ¥'Cl (75% and 25%). This spectrum was measured one
week after the initial contact with the solvent. The TCE permeated into the o-rings in the
system during a cleaning step. The TCE continued to outgas from the o-rings for two
weeks and showed no signs of stopping. At that time they were removed and baked in an
oven, which eventualy removed the TCE.

TCE Contaminated Sysem
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Figure 3: TCE Contaminated System
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Data like this isinvaluable to the development of cleaning procedures. While the TCE
successfully removed the oil, the vacuum chamber was left more contaminated than it
would have been without the cleaning. The mass spectrum provides a more accurate
evaluation of cleaning procedures than pump down time and base pressure. Just because
a system pumps down quickly does not guarantee that undesirable contaminants have
been eiminated.

The large dynamic range of the RGA aso alows evaluations to be made more quickly.
After avacuum system has been brought up to atmospheric pressure, it will require an
extended period to pump back down to its ultimate vacuum. |If the vacuum system does
not quickly reach its ultimate vacuum, the next step is commonly a high temperature
bakeout. If the vacuum system has till not reached its ultimate vacuum, problems are
suspected and typically aleak tester would be attached to the system. With the RGA, the
user does not have to wait severa hours for the water to pump down or perform a
bakeout before determining if a system is contaminated. The RGA can make
measurements as soon as the total pressure reaches 10° mbar. The large dynamic range
will alow impurities to be seen at 10° mbar or leak testing to be performed in the
presence of athis high total pressure. Thereby, the RGA alows a great reduction in turn-
around time after a vacuum system has been brought up to atmosphere.
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Single Mass Measurement

For vacuum systems that only need to be clean, the mass spectrum is the most useful
measurement. During experiments and processes the partial pressure of certain species
is of more interest. The RGA software provides three modes that are used to measure
selected peaks. The sdlection of which massis associated with which speciesis usually
straightforward, i.e. the mass of the molecule is chosen. When two species have
overlapping peak patterns, the user chooses the strongest peak that does not interfere.
For example N, and CO both have a mass of 28. In a system with alarge CO
interference, N, could be measured at mass 14. Because the peak at 14 is smaller than
the major peak, a scaling factor isrequired. The set of peaks of interest are entered into
the RGA software by the user. During measurements, the RGA measures only each
peak. Because the whole spectrum is not measured, data is acquired much faster. The
two examples that follow show an interesting pressure vs. time experiment and a method
of increasing the dynamic range of measurements.

Pressure vs. time

Figure 4 shows the use of the P vs. t Mode to monitor an air lock sequence. The process
isto open an air lock, place the samplein it, and move the sample into the main vacuum
chamber. The air lock is pumped from atmospheric to rough vacuum using the same
mechanica pump as the main vacuum chamber. This requires isolating the foreline of the
turbo pump during the time the sampleisin the air lock. To keep oxygen out of the main
vacuum chamber, the air lock is flushed with dry nitrogen then pumped to rough vacuum.
The flush is repeated two additional times before the sample is finaly transferred. If this
procedure is successful, the main vacuum chamber should not be disturbed.
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Figure 4. Airlock Sequence

To make these measurements, the electron multiplier detector has been used with again
of 100, which alows all six channels to be recorded every three seconds. The standard
Faraday cup detector is able to detect these partial pressures, but not at thisrate. The
“floor” channel is set to mass 21. Thereisrarely anything present at this mass, which
allowsit to be used as an indicator of the minimum detectable partial pressure.

The sequence starts with the main vacuum chamber at its base pressure of 2~ 10 mbar.
The chamber is pumped by aturbomolecular pump that is backed by arotary vane pump.
A small load lock is attached to the chamber, which can be rough pumped by the same
mechanical pump and purged with nitrogen.

At 0:30, the isolation valve between the turbo pump exit and mechanical pump is shut o
that the mechanical pump can be used to rough pump the load lock. During this time, the
load lock is repeatedly filled with nitrogen and pumped down. Of interest in the datais the
rise in the hydrogen partia pressure during this step of the sequence. The partia pressure
of hydrogen increases by afactor of 100 while the partial pressure of the other gasses
barely increase. This differenceis caused by the low compression ratio that turbo pumps
have for light gasses. The heavier gasses are being compressed into the dead volume
between the turbo pump exit and isolation vave. But, the turbo pump has insufficient
compression ratio to store hydrogen in this manner, causing the partial pressure of
hydrogen to rise.
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At 2:30, the load lock has been roughed and the turbo pump fordine isolation valve is
opened. The pressures of H, immediately drops back to the base pressure values.

At 2:40, the load lock is opened to the main chamber causing ajump in pressure. Therise
in oxygen and oil pressure indicates that the procedure is operating poorly. Even though
the load lock was purged three times with 99.999% nitrogen, oxygen was still introduced
into the chamber. Thiswas either caused by asmall air leak into the load lock, or
permeation of oxygen out of the elastomer seals on the load lock. Therisein oil partial
pressure indicates that the trap on the mechanica pump is exhausted and has allowed oil
to backstream into the load lock.

At 3:09, the valve between the load lock and main chamber is closed, and the pressures
begins to return towards their base values. Oxygen is pumped out of the chamber.
Hydrogen, water, and nitrogen recover their original vaues, but dowly. Theail is
alarming because it persists at a higher concentration. If this sequence occurred severa
more times, the oil would continue to increase. The RGA dlowsiit to be detected before
reaching undesirable levels.

Table Mode
The noise floor of the Faraday cup detector is about 10™° mbar. Since the maximum
operating pressure is 10™ mbar, the dynamic range of the RGA is 6 decades or 1 ppm.
The noise floor of the channd eectron multiplier (CEM) is lower, but its maximum
operating pressure aso decreases with the noise floor. The two pressure limits change
such that the dynamic range of the CEM is till 6 decades. By switching between the two
detectors, measurements covering more than 6 decades can be made. The table mode of
the SRS RGA software allows such a measurement to be made. The CEM status can be
set independently for each mass being monitored. Figure 5 shows a configuration where
the prevalent gases are detected with the FC and the low pressure gases are detected
with the CEM. A comparison of the value for nitrogen and “floor” show that the
apparent dynamic range is 8 decades or 10 ppb. The program will automaticaly sort the
channels so that al the measurements requiring the CEM are made as a group, which
minimizes the switching on and off of the detector. Without the ability to choose between
FC and CEM detector for each channel, the CEM would have to be used for al channels
so that the low pressure gases could be detected. Operation like this would cause the
CEM detector to saturate at the high pressure peaks. Saturation of the detector makes
the value useless, and also increases the physical wear on the CEM.
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Figure 5: SRS RGA Table Display

Leak Testing
In addition to the diagnosis of vacuum systems, the RGA is invauable as an intrinsic leak
detector. It isaways available and does not require perturbing the system. The user
does not have to roll up alarge leak detector and attach it to the vacuum system. The
system does not have to be brought up to atmospheric pressure. The RGA can operatein
leak detection mode using any gas, so it does not require helium. For moderate lesks,
argon or tetrafluoroethane (atypical gasin cans of “dust off”) can be used. Heliumis
necessary for only the smallest leaks. Having a built-in leak detector makes working with
vacuum systems much easier and faster, and the SRS RGA is far less expensive than a
standard helium leak detector.

The process of leak detection with an RGA is the same as with a traditional helium leak
detector. Place the software in leak detection mode, indicate the mass of the test gas and
watch the partial pressure as various joints in the vacuum system are sprayed with the
test gas. When the leak is sprayed with the test gas, the partia pressure will rise. The
response isimmediate if the leak isin adirect path from the outside to the inside of the
system. Figure 6 contains the result of aleak test with helium on a vacuum chamber. The
tester moves the helium probe towards and then past the leak, causing the first peak.
Once the location of the leak is bounded, the tester tries to precisely locate the leak. For
mogt situations leak testing is straightforward and no different than traditional methods. In
the following sections, we discuss a few situations where traditional methods fail and how
the RGA provides a better method.
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Figure 6: Helium Leak Test Data

The partia pressure of the test gasis directly related to the leak rate into the chamber.
Assuming that the vacuum pump is not operating near its compression limit, the throughput
of the test gasis equal to the product of the partia pressure and the effective speed of the
pump at the RGA ionizer (Q = SP). InFigure 5, the partia pressure was measured in
Torr. The effective speed of the turbo pump for helium was approximately 50 liter s™.
The largest pesk in thisdataat 4~ 10° Torr representsaleak of 1.5 107 scc sec™.
(0.76 scc sec™t = 1 Torr liter s*). From this figure we can estimate a minimum detectable
lesk of 1~ 10°® scc sec™, which is measured with a FC detector. To measure smaller
leaks, a CEM detector can be used, or the turbo pump can be throttled to decrease the

pumping speed.

Supply Gas Valve Seats

Leaks across valves that supply gasses to a vacuum system cannot be detected with
conventiona helium leak testers (unless the valve supplies helium). To test a suspect
valve would require removing it and attaching it to the leak tester. Because the RGA can
monitor any gas, thisis unnecessary; the valves on gas supply lines can be tested in situ.
The procedure is smple: monitor the composition of the vacuum system with a high
pressure and then alow pressure behind the valve seat in question. If the partial pressure
of the gasin question changes, the vave seat is leaking.

Supply Gas Manifolds

Leak testing supply gas lines can be a very trying experience. The difficulty is mostly
because compression type fittings do not have aleak test port. Anocther difficulty is that
supply manifolds commonly have alarge number of connectionsin close proximity.
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Because the lesk in a compression fitting is insde the fitting, transporting the test gas to
the leak requires alarge flowrate and waiting for an extended time for the gas to diffuse
into the fitting. Because of the flowrate and time, it is possible that the test gas can travel
to adjacent tube fittings and cause a mideading indication of aleak. Often times
“fugitive” leaks appear and disappear at a specific fitting. What is happening is that the
test gasis inadvertently flowing to another fitting, which has areal leak. Whether this
inadvertent gas flow occurs depends on exactly how the test gasis applied to the fitting
with the “fugitive” leak. Small air currents caused by equipment fans or ventilation
systems can move the test gas in unpredictable ways. Confining the test gas to the fitting
under question can help, but the RGA provides a easier solution: use a gas other than
helium. Helium will spread in air quickly and diffuse into many fittings. A heavy gaslike
argon or tetraflouroethane is far easier to confine to a specific fitting. Once the moderate
lesks have been located and eliminated, a follow up with helium to check for tiny leaksis
warranted.

Bellow Valves

Bellow valves can be difficult to leak test due to the large volume of gas contained
between the bellow and the valve body. To perform aquick leak test it is required to
change the composition of the gas in this trapped volume quickly. Unfortunately, for some
vaves, this volume of gasis not highly accessible. This greatly reduces the response time
of aleak test. For aleak causing a base pressure of 10" mbar in a vacuum system with a
701 s* pump, the volumetric flowrate of gas entering from the atmospheric side of the
leak is 7 nanoliters per second. For a bellow with atrapped volume of 1 ml trapped, the
response time constant would be over 40 hours. This emphasizes the importance of leak
test ports on vacuum hardware.

In such situation it is common to place a bag over the body of the valve and fill the bag
with helium. The RGA alows usto consider using gases other than helium. The
permesbility of helium through elastomeric sedls can give afase leak reading. And asin
manifolds, unless the helium can be gtrictly confined to the valve body, it may spread to
adjacent connections. Given the amount of work and lost time required to remove and
repair large valves, false lesk readings are expensive. A second test with another gas,
such as argon, can confirm that a suspect valve is leaking before starting out on the

repair.
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Conclusion

An RGA isared eye opener for users of vacuum systems. With an RGA the process of
working with vacuum systems is elevated from an empirical trial and error approach to a
systematic approach. The status of the vacuum system can be constantly assessed.
When an experiment or process is having problems, the possibility of contamination or
leaks in the vacuum system can be immediately ascertained. The RGA provides not only
troubleshooting but also historical data. Slow trends in a vacuum system can be noticed
and acted on before they become serious problems. Hard to correlate cause-effect
relations are much easier to establish with the wealth of statistical data that can be
obtained with a daily spectrum analysis. Good procedure and strict adherence to them
alows a user to infer the integrity of avacuum system. An RGA allows usersto prove
the integrity of a vacuum system with hard data.

Further Reading

Dawson, P.H., Quadrupole Mass Spectrometry and its Applications, American
Ingtitute of Physics, 1995.

Drinkwine, M.J,, and Lichtman, D., Partial Pressure Analyzers and Analysis, American
Vacuum Society, New Y ork.

Wilson, N.G., Beavis, L.C., Handbook of Vacuum Leak Detection, American Vacuum
Society, New York, 1979.
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Using SRS RGA’s to Sample High

Pressure Gasses

Introduction

The types of analysis performed by an RGA are useful in many applications other than
vacuum systems. But, the RGA isintrinscally a vacuum instrument that operates best
under 10™ mbar. The instruments response becomes non-linear above 10° mbar. To
sample gases at higher pressures, a pressure reduction system is needed. These systems
are basically arestriction and a vacuum pump package. Common restrictions are pinholes
and capillaries, which can provide pressure reductions of more than 6 decades of

pressure. The vacuum pump package consists of a turbomolecular pump and a backing
pump. In addition to achieving the desired pressure reduction, the design of a system
should provide for afast response and high signal to background ratio.

At pressures common to vacuum processes, a simple aperture based pressure reduction
system is suitable. At atmospheric and higher pressures, a two stage reduction based on
acapillary and aperture is used. These two systems will be used to illustrate the design of
pressure reduction systems for RGA'’s.

Vacuum Process Sampling (10 to 10-5 mbar)

Figure 1 shows a schematic of a basic pressure reduction system. The system has two
paths to the RGA: a high conductance path and an aperture path. The high conductance
path (through Vave Hi-C) is provided so that the RGA can monitor the ultimate vacuum
of systems before a process begins. The Hi-C path is aso used when leak testing the
vacuum system with the RGA Software’s leak test mode. The aperture path provides the
pressure reduction for when the vacuum process is operating at pressures up to 10 mbar.

The design of the aperture path is straightforward. First, the RGA operating pressure is
chosen, for example 10° mbar. The pressure, P, and the pumping speed, S, determine
the throughput of the aperture, Q, by the equation Q =P S. To keep the system cost low,
asmall turbo pump is chosen. For a 70 liter s* pump, the required throughput is 7~ 10°
mbar liter s*. The throughput of the aperture is related to its conductivity, C, and the
pressure drop, DP, by the equation Q = C DP. The process pressure determines the
pressure drop thereby determining the required conductivity. Formulas for conductivity of
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various geometries, e.g. capillaries, and pinholes, are available in many references (some
are listed at the end of this note).

Process

B raiure

Sern ple Wabee

Figure 1. Schematic of a mid-vacuum pressure reduction system

Apertures can be readily designed for process pressures in the range from 10 mbar to 10
mbar. If the process always operates within a small range, the aperture can be optimized
to deliver gas to the RGA at about 10° to 10° mbar. By operating the RGA a its
optimum pressure the data acquisition time is kept to a minimum and the full dynamic
range in partia pressure is available. For many applications, the process is operated at one
pressure and the aperture can be optimized. |If the process pressure varies over arange
of 2 decades or more, the aperture size must be compromised to tolerate the pressure
range. For example, consider a process pressure that varies from 10 to 10 mbar. The
aperture would be designed to drop the pressure from 10 mbar to 10° mbar. When the
process pressure was at 10 mbar, the pressure at the RGA would be 107 mbar. The
minimum detectable partia pressure (MDPP) of the RGA does not depend on the
operating pressure; for a Faraday cup detector it is about 10° mbar. Therefore the
dynamic range of the measurement varies from 5 decades at high process pressure to
only 3 decades at the low pressures. For applications where the full dynamic range is not
needed, operating the RGA at low pressure may be acceptable. If the full dynamic range
isrequired over avariety of process pressures, a variable reduction is required. Suitable
variable lesk valves are available, but are significantly more expensive than a fixed
aperture. Another method of increasing the dynamic range and data acquisition rate is to
use an RGA with an eectron multiplier. The eectron multiplier provides gains up to 10°
and lowers the MDPP to under 10 mbar. This lower MDPP allows the RGA to
provide large dynamic range even at low operating pressures.
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A high operating pressure (or throughput of the aperture) at the RGA aso improves the
sgnal to background ratio. In this context, signd is the gas that is drawn through the
aperture and background is outgassing from the system plus backstreaming through the
turbo pump. The ultimate vacuum of many turbo pump packages is about 10° mbar. The
outgassing background will be mostly hydrogen, water, and nitrogen. The backstreaming
background will be air. 1f measurements are being made near these background peaks,
the operating pressure should be kept as high as possible. The background can be
minimized by designing the tubing such that the effective pumping speed at the RGA
ionizer is as high as possible. Figure 2 shows two layouts that both have the same
“signa” level. Thelayout with the RGA at the end of a small tube has a small effective
pumping speed and will show alarger background level.
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Figure 2: Two Layouts of Post-Aperture Vacuum System.

The system shown in Figure 1 can be assembled as a smple package. Using asmall (70
liter s or less) hybrid turbo pump and a diaphragm backing pump will eliminate any
concern of oil. The use of this pump pair aso eiminates foreline traps and isolation
valves. The operation of the system should be smple: open the Hi-C valve at low
pressures, or open the sample valve at high pressures.
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High Pressure Sampling (>100mbar)

At high pressure the aperture assembly is insufficient to reduce the pressure, while
maintaining response time. Consider an aperture that reduces the pressure from 10 mbar
to 10°° mbar when used with a 70 liter s* turbo pump. The volumetric flowrate on the
high pressure side of the aperture would be 7 microliter s*. Any dead volume on the high
pressure side of the aperture (Figure 3) would cause a large response time constant (t; =
volume/ flowrate). If the aperture had a small dead volume of 1/2 inch of 0.250 OD tube
(0.028 wall), the time constant would be 35 seconds. Thisis not an acceptable response
time.

10 mbar

" | chesac] wolume

10 %mbar
Figure 3: Small Dead Volume Slows Process Response time.

To achieve afast response time, a capillary inlet is used with bypass pumping as shown in
Figure 4. The system reduces the pressure in two stages. Most of the sampled gasis
drawn through the capillary and directly to the digphragm pump, i.e. bypasses the RGA.
The pressure at the exit of the capillary isabout 1 mbar. A small amount of the sampled
gasis diverted to the RGA through an aperture. This configuration improves the response
time by two methods. Firgt, the pressure on the high side of the aperture is held to about 1
mbar. But even this pressure would give a time congtant of 3.5 seconds in the 1/2 inch
dead volume example mentioned above. The second method to decrease the time
constant is to ensure that any dead volume is well mixed. After the capillary, the gasis
traveling at significant velocity (several meters per second). Proper layout of the inlet
tubing will use the kinetic energy of the sampled gas to mix the dead volume (in a sense
keeping the volume aive). Figure 5 shows the response to bursts of gas at the inlet of an
atmospheric sampler designed with the above considerations. The sub-second response
and cleanup are almost as fast as the RGA can acquire data.
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Figure 4: High Pressure Sampling Using Bypass Pumping
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Figure 5. Response of Bypass Pumped System to Gas Bursts.

Glass capillaries are available with small enough bores to reduce pressure from 1000 mbar
to 10°° mbar without bypass pumping. Whileit is possible to build a atmospheric sampling
system based on a /4 meter 50 mm glass capillary, there are considerable reasons to use
a bypass pump configuration. Bypass pumping improves the operation of a system by
increasing the flowrate of gas through the capillary about 3-4 orders of magnitude. The
higher flowrates and smaller pressure drop allow awider selection of capillariesto be
practical. Stainless steel and PEEK capillaries are more affordable and flexible than glass
capillaries. A large flowrate means that the volumetric flowrate at the inlet of the
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capillary is more reasonable. For a system with 70 liter s* pumping speed, operating at
10°® mbar, the volumetric flowrate at the inlet would be 70 nanoliter s*. Any dead volume
at the inlet of the capillary would result in an unreasonable response time. With such
small flowrates, inlet devices such asfilters, valves, or connecting hardware cannot be
used. Overal, the bypass pumped capillary system is more flexible and only requires a
minor addition of hardware (one valve and some tube).

The configuration seen in Figure 4 is made possible by the recent advancesin hybrid
turbomol ecular/drag pumps and diaphragm pumps. Traditional designs would have relied
on atwo rotary vane pumps and standard turbomolecular pump. The high compression
ratios of the hybrid turbo pumps alow the two streams (bypass and sample) to be
combined. The low ultimate vacuum of contemporary diaphragm pumps makes them
suitable as aforeline pump. The combination of these modern technol ogies means that an
amospheric sampling system can be constructed into a very small packages (lessthan 8
inch high in a 19 inch rack mount chassis), which is portable and easy to operate.

Conclusion

Although the RGA isintrinsically a vacuum instrument, inlet systems are easily designed
that allow it to sample gasses at any pressure. A more descriptive name for such systems
would be * online quadrupole mass spectrometer”. Mass spectrometry is awell proven
anaytica technique, but traditionally used an expensive large machine. Reduction in cost
of quadrupoles and vacuum pumps, along with the development of easy to use software
interfaces makes process analysis with mass spectrometry an attractive technique.

Further Reading

Lewin, O., An Elementary Introduction to Vacuum Technique, American Vacuum
Society, New York, 1987.

Moore, JH., Davis, C.C., and Coplan, M.A., Building Scientific Apparatus, 2nd ed.,
Addison-Wedey, New Y ork, 1989.
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SRS RGA Output Control Options

O100TR and O100TS
WARNINGS

Please notethat the TTL output signals are always active high and may not be configured
otherwise. Thismeansthat any time an output channel’salarm istriggered, its
corresponding TTL signal isset toahigh TTL level. Theuntriggered stateisalLow TTL
level.

All output signals should be considered INVALID unlessthe “Outputs Valid“ signal is set
high (when the RGA is scanning and acquired data has been validated).

When the /O board isreset all the output signalsarereset toLow TTL levels. This
happens anytime the computer isturned on or thel/O board isinitialized.

Introduction

With the Output Control option the RGA Windows program controls TTL output
signals that may be used in a variety of process control applications. The24 TTL signals
(2 reserved for future use) are located on a PC expansion bus that is installed in the same
computer as the RGA program. The user can accessthe TTL signals using a 37-pin
cable and a universal screw termina board. An electromechanical relay board
(compeatible with the TTL output connector and cable) may be attached instead of the
screw termina to drive solenoids and other system components.

Signal Description

Table Channd Outputs (11 output channels)

10 TTL signals are mapped to the 10 channels associated with the Table, Pvs. T,
and Annunciator modes. The user assigns atrigger and hysteresis level for each channel
independently. When enabled, the channel is monitored after each scan and when the
pressure goes above (or below) the trigger value + hysteresis %, the corresponding TTL
bit is set high. The user may temporarily override any channel by setting its output Low
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or High. The Tota Pressure value is the eleventh channel and is monitored in the same
fashion as the channels above.

Valid Outputs (1 output channdl)

1 TTL signal is used to indicate that the table channd outputs are vadid. This
signal is set High while the RGA is scanning (after completion of the first scan ) and set
low as soon as the scan is stopped (the output card must be enabled).

Manual Outputs (10 output channels)

10 TTL signas are mapped so that the user can directly set them Low or High
manually from a dialog box in the RGA program. The use of these outputsis |eft to the
discretion of the user.

Hardware requirements

TTL 1/0O card (Required)

The TTL I/O card is a 24-bit Input /Output card that is mapped directly into the
PC 1/0 space (no IRQ is required). An ingtallation diskette is shipped with each card to
help the user ingtal and test the card. The installation diskette is essential sinceit ingtalls
files that the RGA program requires. The I/O card isingtalled in the same PC where the
RGA program is running so an empty 8-bit or 16-bit expansion dot isrequired in that
computer. A 37 pin D-Connector cable is shipped with the card to alow access to the
sgnds. All sgnasare active high (initidly low).

Electromechanical Relay board (optional)

This 24 relay board is available as an option and is 100% compatible with the 1/0
board mentioned above. The cable shipped with the 1/O board connects directly to the
relay board. The relay board is shipped with a power cable that connects the any internal
PC power plug. Each relay has a Connect, Normally Open, and Normally Closed screw
terminal connection. The board has 8 mounting holes and comes with standoffs for
testing on alab bench. See attached data sheets for more details.

I/O Screw Terminal Board, 12-22 AWG terminals (optional)

Thisisasimple 4’x 4" screw terminal board that can connect directly to the TTL 1/0
card cable to give easy accessto the TTL signals.

Installation Procedure

Every /O board is shipped with an installation diskette from the manufacturer (Computer
Boards, INc.). Please read all the documentation and manuals that are shipped with the
I/0O board before installing it. Y ou must use the I/O board installation diskette (Instacal
program) before attempting to use the RGA program with the board.
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Ingtallation I nstructions

1

Make sure the RGA program and RGA Head are operating properly before installing
the 1/0O board.

Configure the 1/0 board hardware switches following the manufacturer’ s directions
(see the Computer Boards, iNnc. manua for your board).

Install the board in the computer following the manufacturer’ s directions (see the
Computer Boards, inc. manual for your board).

Turn on the computer and run the “Install.exe” program on the diskette that shipped
with the board. Keep in mind the following points: @ Select No when asked if you
will be using a PCM series card, b) Select No when asked if you want to install
Universal Library or LabView software, c)Select YES when asked if you want the
AUTOEXEC.BAT file modified.

Reboot the computer

Run the “Instacal.exe” program from the 1/0O board directory that you specified in the
“Install.exe’ program above.

Configure the “Instacal” program for your board name and settings (see the
Computer Boards, inc. manual for your board). Make sure you run the internal test
routines to verify that the board is functioning correctly.

Start the RGA program and select the “ Setup Output Card” command from the
“Qutput Control” menu.

Press the “Scan for 1/0 Boards’ button. If you get awarning message select Yesto
proceed with the scan. At this time the board name and number should appear in the
dialog box. If the board is not found by RGA, run the Instacal program and test the
board to make sure it is operating correctly.

RGA Software Operation

Please refer to the On-Line Help documentation of the RGA program for afull
description of the software.
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SRS RGA LabVIEW Development Kit

Important!

* Thedriversin the development kit are provided free of chargeand ASIS. Support of
any modification is solely the responsibility of the end user.

* Thiskit was developed and tested under LabVIEW version 5.1. It was also tested for
compatibility with LabVIEW version 6.0 (also known asLabVIEW 6i). At thetime of
writing, LabVIEW 6i isnot fully backward compatible with LabVIEW 5.1, and two
versions of the development kit are available. Seethe SRS website
(http://www.thinksrs.com) and below for more details.

* Whilethedriverswerethoroughly tested, SRS makes no warranty (expressor implied)
on this softwar e and assumes no responsibility for damage caused through using it.

* SRSdoesnot providetraining in the use of LabVIEW, nor does SRS provide support
for LabVIEW. Contact National I nstruments, Incor porated (telephone 1-800-433-3488
or on theinternet at http://www.ni.com) for training and support of LabVIEW.

» Thisappendix assumes familiarity with the LabVIEW programming environment. It
also assumes familiarity with the implementation of Virtual Instrument Software
Architecture (VISA) used by National Instruments. There are numerous resour ces on
LabVIEW,; two arelisted here:

National I nstruments, Incorporated on theweb at : http://www.ni.com or via
telephone at 1-800-433-3488

“LabVIEW Graphical Programming: Practical Applicationsin
I nstrumentation and Control”, 2" Edition, 1997, Gary W. Johnson

Introduction

What isthe SRSRGA LabVIEW Development Kit?

The SRS RGA LabVIEW Development Kit isaset of LabVIEW drivers that were designed for
and tested with an SRSRGA. The virtual instruments (V1s) included in the kit encapsulate all the low-
level commands and data manipulation required to work with the SRS RGA. These VIslet you get up
and running with an SRS RGA in the LabVIEW environment very quickly. The kit is completely free
and is available for download at the SRS web site : www.thinksrs.com. Note that using the kit
effectively requires knowledge of LabVIEW,; some resources on this subject are listed above.
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What doesthekit include?

The Vlsin the kit are divided into three layers. The lowest layer, termed a“ communications
layer”, simply encapsulates the RS232 interface commands. The next layer, an “operations layer” draws
on several of the communications layer Vs and adds some data manipulation to alow rapid development
of custom LabVIEW experiments that incorporate the SRS RGA. Thelast layer, an “applications layer”,
is provided as an example of what can be created using the operations layer. A stand-alone application is
included in this layer which allows anal og, histogram and table scans. The source code for this
application, aswell as simplified examples of each of the scan typesisincluded.

What goals can thekit help me accomplish?
The kit was designed to let you quickly :

¢ Develop new custom applications using the SRS RGA

¢ Incorporate the SRS RGA into your existing LabVIEW applications

¢ Integrate data from other sources (temperature, flow rate, etc.) with RGA data
¢ Publish your RGA data on the world wide web (using LabVIEW 6i)

The kit was developed in part to accommodate users who asked for more features in our RGA
Windows software. While many users asked for similar features, each had their own special
requirements beyond those common features. The development kit allows users to customize the
software to fit their own individual needs. Groups that had input into this kit (and who should benefit
fromit) include:

Analytical Chemists

Industrial Refrigerant Engineers

Scientists performing “hyphenated measurements’ (e.g. Temperature Programmed Desorption)

Surface Scientists

Scientists performing ion counting measurements

What isrequired to usethekit?

In order to devel op custom applications, you will need to have LabVIEW version 5.1 or 6i. The
software is available from National Instruments Corporation; see their web site at www.ni.com. Thekit
was developed under LabVIEW 5.1. In LabVIEW 6i, National Instruments dropped the use of data range
coercion, which causes warnings when you load the Visin 6i. If you are using 6i, disregard any
warnings about data range coercion; the VIs should function normally.

The requirements for running LabVIEW are :
Windows 9x,ME, NT or 2000 (for Windows NT, Service Pack 3 or later)

32 MB RAM minimum, 64 MB recommended
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170 MB disk space for full LabVIEW installation

(Contact National Instruments for the most up-to-date information regarding the requirements for
running their LabVIEW software)

If you wish to usethe kit in order to easily put your data on the web, LabVIEW version 6i
includes a built-in web-publishing tool. The kit was tested with this web-publishing tool, and this
document discusses how to useit.

Note that if you would like to try out the SRS RGA stand-alone application, it is available from
the SRS web site (www.thinksrs.com) as a stand-alone executable file. LabVIEW isnot required to run
the application. A run-time engine and VISA drivers must be installed to use the application on a system
without LabVIEW. These software components are included in the download, and will automatically be
installed with the SRS RGA LabVIEW application.

Browsing thekit

After you download the free kit, you can install it under any directory you choose. However, it
may make things easier to install the kit under the LabVIEW instrument drivers directory, (for example,
C:\Program Files\National Instruments\LabVIEW 6\instr.lib) so it can quickly be accessed from within
LabVIEW. The easiest way to get afeel for what isin the kit isto browse the VI named “V1 Tree” (see
figure below). VI Treeisadocumentation VI. It only shows each VI used in the three hierarchical levels
of the kit, and performs no other function. Attempting to run this VI will result in an error sinceitis
merely acollection of unconnected Vls.
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A good way to get familiar with what each of the sub-VIs of agiven VI do isto invoke
LabVIEW’s help feature (press Control-H) and simply move your mouse over each of the VIs. The help
will list the input and outputs of each VI aswell as any general remarks about the VI. The built-in
documentation features of LabVIEW will alow you to quickly print out detailed information about every
VI used in the kit, including inputs and outputs for each VI. To print documentation under LabVIEW
5.1, goto File | Print Documentation. Under LabVIEW 6i, go to Print. In both cases, follow the prompts
to print the level of detail in the documentation that you desire.

Another instructive way to learn how the VIswork is to view their execution while the program
isrunning. LabVIEW alows you to do this by simply clicking on the “highlight execution” speed button
from within the view of the block diagram. After clicking this button, LabVIEW will show you the data
and the pathways used in handling that data from within individual VIs. This can help you understand
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the program flow much more quickly than by simply looking at the code. Bear in mind that performance
of the program slows drastically asit creates this “movie” of what goes on during execution.

Layers in the SRS RGA Development Kit

Communications Layer VIs

What are the communications layer VIs?

The Vlsin the communications layer encapsulate the low-level serial communication commands
as well as doing some communications housekeeping. They allow the maximum in flexibility when
creating custom LabVIEW programs.

When should | usethislayer?

The communications layer is only required when your application requires something not
addressed by the operations layer. These Vs are what many people get when they download “LabVIEW
drivers’ from an instrument manufacturer’ sweb site. The SRS RGA LabVIEW Development Kit goes
far beyond this primitive layer. Most users should work at the operations layer first, only using the
communications layer when strictly necessary.

An oversimplified example

CommExamplec.vi will run a single scan over a user-specified mass range. Note that a
waveform chart is used, and the abscissa units are not mass but rather simply the number of data points.
Furthermore, the ordinate is not in units of pressure, but isin the raw ampere reading returned from the
RGA. Thisexampleis simply meant to introduce you to some concepts used in the operations layer and
to verify the communications are functioning correctly under the LabVIEW environment. It isnot meant
as an example to emulate or as a starting point for development.

Try the example:
Open LabVIEW

Select the RGA LabVIEW Library

Open the Communi cations example, CommExampleC

From the front panel, set the mass range for the scan

Make sure the virtual LED labeled “ Scan Enabled” islit

Set the COM port to be the same as the COM port the RGA isusing

Run the VI
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The VI takes afew moments before the scan begins in order to perform some initialization tasks on the
RGA. After thistime, you should see atrace corresponding to the ion currents detected by the RGA as
its mass filter is swept. If the trace doesn’t appear after thirty seconds or you get an error, use the RGA
COM program supplied with your RGA to verify communications are set up correctly. Make sure the
power to the RGA is on (check the power LED), verify the COM port setting is correct, and test the
cabling.

Concepts from the example:

Within LabVIEW, view the block diagram of CommExampleC (press Control-E if you are already
looking at the front panel of the VI1). The figure below shows this block diagram. Please note that this
example is not meant to be a“starting point” to develop your own programs. Rather it ssmply
demonstrates some concepts used in the devel opment kit.

SRS Residual Gas Analyzer
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Note that at the far left side of the block diagram, a COM port is specified and an SRS RGA
“session” is established. The user specifiesthe COM port in use from the front panel of the VI. A sub-
VI, SRSRGAC Connect, handles setting the baud rate, parity and other serial line parameters appropriate
for the RGA. It uses National Instrument’s implementation of the Virtual Instrument Software
Architecture (VISA) standard for communications. This VISA session is propagated to each of the
communications VIsin turn, along with the error status.

If you are familiar with the SRS RGA command set (for example, see page 6-17 of this manual)
you will recognize the two-letter designations on the Vs that set the initial mass (M1), final mass (MF),
noise floor (NF), filament current (FL), and so forth. Within the while loop, two VIs handle the RGA
output and format it as an array of datavalues. These Vs take care of reading the 4 byte binary string,
changing the byte order, and converting the ASCII bytes into floating point numbers. Unlessthereisan
error or the user changes the status of the scan enable button on the front panel, these commands repeat
in the while loop until an entire scan is generated. After ascan is acquired, the RGA is set to stop
scanning, its filament is turned off, the VISA session is closed and any errors are reported.

Operations Layer Vis

What arethe operationslayer VIs?

The operations layer encapsulates many of the communications layer functions. Thislayer is
oriented towards common tasks the RGA will need to perform in any application. Rather than explicitly
addressing the individual serial commands that are required to perform these tasks, these commands are
used implicitly by the operations layer. In order to illustrate the use of the operations layer Vis, we
created three separate applications (Simple Analog, Simple Table, and Simple Histogram) from these
VIs. These examples are excellent starting points for your own custom applications.

When should | usethislayer?

The operations layer is the right starting point for most LabVIEW programmers. It istask (rather
than command) oriented, and yet is still on alow enough level to provide a great deal of flexibility in the
development of custom applications.

SRSResidual Gas Analyzer
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Examples

The devel opment kit provides three examples of how to use the operations layer. Each example
is an application that performs a common RGA scanning mode (table, analog, and histogram). Itislikely
that your custom application can be created simply modifying one of these examples.

Simple Table

Try the example:
Open LabVIEW

Select the RGA LabVIEW Library

Open the Simple Table example, SRSRGAa Simple Table

From the front panel of the VI, set the COM port that the RGA isusing
For each channel, set the noise floor , mass, and electron multiplier state

Run the VI

SRSResidual Gas Analyzer
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The VI takes afew moments before the scan begins in order to perform some initialization tasks on the
RGA. After thistime, you should see traces corresponding to the partial pressures detected by the RGA
asits massfilter is swept. If the traces do not appear after thirty seconds or you get an error, use the
RGA COM program supplied with your RGA to verify communications are set up correctly. Make sure
the power to the RGA is on (check the power LED), verify the COM port setting is correct, and test the
cabling.

Concepts from the example:

Within LabVIEW, view the block diagram of SRSRGAa Simple Table (press Control-E if you are
aready looking at the front panel of the VI). The figure below shows this block diagram.

SRS Residual Gas Analyzer



10 Appendix D

P s, b

1] HEEH v
1] !

[152] '

COM Port[lisl}—

M
f|erergae 515 srzrgac [—srsrgan| [FrErEY

Stark Shop Clozse @
= {Tabl: [ ] -

Tabl:

As shown in the figure, the Simple Table example usesjust six VIs. All the VIsin gray are taken
from the operations layer, while the only one that is not is the general SRSRGA Error handler VI. Just as
in the communications layer example, you can see that an error cluster is propagated through the six Vls.
However, rather than propagating the SRSRGA VISA session explicitly, the session is propagated by
referring to its reference number (or refnum). By double-clicking on the sub-VIs that appear to the right
of the Open V1, you will see that each V1 takes the refnum as input, then passes it to SRSRGA0 Get
Session. This VI accesses the serial communications session referred to by the SRSRGA refnum, and
sends commands or receives data from that session. By using the operations level, you don't have to
worry about dealing with the VISA session directly; the VIsin this layer will handle that for you.

After taking your input from the specifications cluster and opening an SRS RGA session, the
Start Table VI sets the electron emission and calibrates any noise floor / electron multiplier parameters if
necessary. Within the while loop, the Measure Table VI sends repeated MR queries to the RGA, and
formats the binary datainto an array of pressure readings. Thisarray is plotted inthe Pvs. t graph that is
visible on the front panel. The rate at which the data appears is governed by the multiple millisecond
delay in the while loop. The user sets the delay from the front panel. The condition for the whileloop is
simply that the user has not stopped the scan and that no errors are present. If the while loop ends, the
mass filtering is turned off, asis the electron multiplier and the filament. Any errors are reported at this
time.

Simple Analog

Try the example:
Open LabVIEW

Select the RGA LabVIEW Library

Open the Simple Analog example, SRSRGAa Simple Analog

From the front panel of the VI, set the COM port that the RGA isusing
Set the noise floor, mass, and electron multiplier state

Run the VI

SRSResidual Gas Analyzer
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The VI takes afew moments before the scan beginsin order to perform some initialization tasks
on the RGA. After thistime, you should see atrace corresponding to the partial pressures detected by the
RGA asitsmassfilter isswept. If the trace does not appear after thirty seconds or you get an error, use
the RGA COM program supplied with your RGA to verify communications are set up correctly. Make
sure the power to the RGA is on (check the power LED), verify the COM port setting is correct, and test
the cabling.
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Concepts from the example:

Within LabVIEW, view the block diagram of SRSRGAa Simple Analog (press Control-E if you are
aready looking at the front panel of the VI). The next figure shows this block diagram.
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Note that this block diagram is very similar to the Simple Table block diagram. Again, only six
Visareused. All theVIsin gray are taken from the operations layer, while the only one that is not isthe
general SRSRGA Error handler V1. Just asin the communications layer example, you can see that an
error cluster is propagated through the six VIs. However, rather than propagating the SRSRGA VISA
session explicitly, the session is propagated by referring to its reference number (or refnum). By double-
clicking on the sub-VIsthat appear to the right of the Open VI, you will see that each V1 takes the refnum
asinput, then passesit to SRSRGA0 Get Session. This VI accesses the serial communi cations session
referred to by the SRSRGA refnum, and sends commands or receives data from that session. By using
the operations level, you don’t have to worry about dealing with the VISA session directly; the Visin
this layer will handle that for you.

Inthis VI, an array of all the pointsin the scan is created beforehand and each point initialized as
“not anumber”. Thisisdifferent from the previous example of Simple Table scanning, where the points
are simply plotted asthey areread in. In Simple Analog (and Histogram) the initialized array changesin
the ordinate as new values are read in, but the abscissa (the mass range) always stays the same. Also,
rather than using a multiple number of milliseconds in the while loop, afixed delay of 250 milliseconds
isused. Very tight while loops can put unnecessary stress on a multi-threaded application or operating
system. This slight delay helps guard against problems stemming from having no delay in the execution
of the while loop.

After taking your input from the specifications cluster and opening an SRS RGA session, the
Start Analog VI setsthe RGA parameters you request, performs a calibration, cal culates the number of
points that will be coming from the RGA, and triggers a scan. Within the while loop, the Measure
Pressures VI formats the binary datainto an array of pressure readings. Thisarray is plotted in the graph
that isvisible on the front panel. The condition for the while loop is simply that the user has not stopped
the scan and that no errors are present. If the while loop ends, the massfiltering is turned off, asisthe
electron multiplier and the filament. Any errors are reported at this time.

SRSResidual Gas Analyzer
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Simple Histogram

Try the example:
Open LabVIEW

Select the RGA LabVIEW Library
Open the Simple Histogram example, SRSRGAa Simple Histogram
From the front panel of the V1, set the COM port that the RGA isusing

Set the noise floor, mass, and electron multiplier state

Runthe VI
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The VI takes afew moments before the scan begins in order to perform some
initialization tasks on the RGA. After thistime, you should see histogram bars corresponding to
the partial pressures detected by the RGA asits massfilter is swept. |If the trace does not appear
after thirty seconds or you get an error, use the RGA COM program supplied with your RGA to
verify communications are set up correctly. Make sure the power to the RGA is on (check the
power LED), verify the COM port setting is correct, and test the cabling.
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Concepts from the example:

Within LabVIEW, view the block diagram of SRSRGAa Simple Analog (press Control-E if you are
aready looking at the front panel of the VI). The next figure shows this block diagram.
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Note that this block diagram is very similar to the Simple Table block diagram. Again, only six
ViIsareused. All the VIsin gray are taken from the operations layer, while the only one that is not isthe
general SRSRGA Error handler VI. Just as in the communications layer example, you can see that an
error cluster is propagated through the six VIs. However, rather than propagating the SRSRGA VISA
session explicitly, the session is propagated by referring to its reference number (or refnum). By double-
clicking on the sub-VIsthat appear to the right of the Open VI, you will see that each V1 takes the refnum
asinput, then passesit to SRSRGA0 Get Session. This VI accesses the serial communications session
referred to by the SRSRGA refnum, and sends commands or receives data from that session. By using
the operations level, you don’t have to worry about dealing with the VISA session directly; the Visin
this layer will handle that for you.

Inthis VI, an array of all the pointsin the scan is created beforehand and each point initialized as
“not anumber”. Thisisdifferent from the previous example of Simple Table scanning, where the points
are simply plotted asthey areread in. In Simple Histogram (and Analog) the initialized array changesin
the ordinate (pressure) as new values are read in, but the abscissa (the mass range) always stays the same.
Also, rather than using a multiple number of milliseconds in the while loop, afixed delay of 250
millisecondsis used. Very tight while loops often put stress on a multi-threaded application or operating
system. This dlight delay helps guard against problems stemming from having no delay in the execution
of the while loop.

Applications Layer Vis

What arethe applications layer VIs?

The applications layer is built upon the VIsin the operations layer. In the previous section, we
discussed the use of several operations layer VIsin three application examples (simple analog, histogram,
and table). In this section, we discuss using a fully developed application that encompasses setups for the
RGA hardware, scanning parameters, and datal ogging.
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When should | usethislayer?

While the simple applications built from the operations layer make great starting points,
the fully developed application (SRS RGA LabVIEW) isreally for expert LabVIEW
programmers. The code is complex, and sparsely documented. It is easy to get stuck with an
application that will no longer function correctly. If you feel very confident of your LabVIEW
abilities, then modifying SRS RGA LabVIEW might be a good place to start, especialy if you
need only a small modification. Bear in mind that SRS does not support the development of new
applications with the kit. SRS RGA LabVIEW is provided primarily as an example to
demonstrate the possibilities of using LabVIEW for custom applications.

Y ou may find that SRS RGA LabVIEW lets you do everything you did in RGA
Windows. There are also improvements in compatibility in SRS RGA LabVIEW over RGA
Windows, because of the inherent compatibility of LabVIEW. SRS RGA LabVIEW aso allows
datalogging with 100 mstime resolution, an order of magnitude improvement from RGA
Windows. The main drawback to SRS RGA LabVIEW as compared with RGA Windows is that
there is no detector calibration utility. However, if you are like most users, calibration of the
detector isonly rarely required, and you can always go back to RGA Windows to perform a
calibration. For these reasons, some users may consider using SRS RGA LabVIEW asan
alternative to RGA Windows.

Using SRS RGA LabVIEW

Connecting
Open LabVIEW

Select the RGA LabVIEW Library
Open the main VI, SRSRGAaMain.VI

Y ou will notice that the front panel is very small. Thiswindow is dynamically sized in order to
help enforce the proper use of the RGA. Do not change the size of the window; the dynamic
sizing routine makes the assumption that the window dimensions did not change from the default
values.

Run the V1.

At this point, you should see awindow similar to the figure below. There should be at least one
choice for the Port number. If thereis no number next to the “Port” button, the most likely
explanation is that the National Instruments VISA drivers were not installed. Above we
discussed how VISA isused in the lowest layer of the kit, the communications layer. National
Instruments VISA drivers are required, even if your COM ports function without them in other
applications.

5. SRS RGA =]

E xit Program
Port 1 Ti Connect
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Select the COM port that is connected to the RGA by clicking on the pull-down menu next to the “ Port”
label.

Press the “Connect” button. At this point, the application sends some queries to determine hardware
parameters and to perform initialization tasks. After afew moments, you should see amenu similar to
the next figure:

> SRS RGA |
| E wit Program
Pat 1 w| Connect
| Dizconnect
Madel [100 Info...
| |onizer Setup...

Filarment Q‘ oM l

| Detector Setup...

CEM @ g
tode Analog vl

[Initz Torr -

Scan.-"Lu:uE Setup...

Start Scanning

Notice that the window has re-sized to show new menu choices once RGA communication is established.
Also, you cannot exit the program without first disconnecting from the RGA.

lonizer Setup Dialog
Click the button labeled “lonizer Setup...”

[E=! lonizer Setup |

Electron Energy [25-105 &) + |70
Electron Emission [0.02-3.50 mé) 5 [1.00
lar Energy :W
Focus Plate Yoltage [0-150%) » 30

| Fau:t-:ur_l,ll Fevert I | 0k, I Ear‘u:ell

This dialog allows you to change parameters relating to the ionizer hardware. Y our parameter values
may differ from the figure; the dialog ssimply displays the last values used. If you should accidentally
change something and you wish to return al values to what the were when you opened the dialog, click
the “Revert” button. If you wish to restore the factory defaults for the ionizer parameters, click the
“Factory” button.

Exit theionizer setup dialog by clicking the “ Cancel” button.
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Detector Setup Dialog
Click the button labeled “ Detector Setup...”

i=! Detector Setup |

Maoize Floor [0-7 slow-fast) mrl
CEM Voltage (0-2430] 5 [1305
CEM Gain [0.0-2000000.0] : 2000

| Electrometer EaII Revert ” k. I Cancel I

This dialog allows you to change parameters relating to the detector of the RGA. Y ou may wish
to change the noise floor value (O gives the slowest scan with the best signal to noiseratio, 7 is
the fastest scan with the poorest signal to noiseratio). For a complete discussion of detection
limit vs. scan rate, see page 4-8 of the RGA manual. Note that if your RGA is not equipped with
an electron multiplier, parameters pertaining to it should be unavailable.

WARNING!

Changing only the gain or only the voltage parameters of the electron multiplier (EM) can ruin
your calibration. Changing these parameters requires re-calibration of the electron multiplier.
Otherwise, the same partial pressure will produce different readings depending upon whether the
multiplier ison or off. You can do amanual calibration of your electron multiplier by following
these steps:

Raise the high voltage setting of the EM
Set the Gain factor to 1

Run an analog scan in both faraday cup and EM detection modes, noting the partial
pressure for the same peak in both scans.

Theratio of these peaksis the gain under the new high voltage setting. Set the gain
parameter to this value.

For a complete discussion and instructions on the electron multiplier tuning procedure, see page
7-14 of the RGA manual.

Close the Detector Setup Dialog by pressing “Cancel”

Applying Power to the Filament

To turn the filament on, click the button labeled “ON" next to the label “Filament”. After afew
moments, your menu should look something like the following figure.

WARNING!

Y our vacuum system should be at a pressure less than 1 x 10 torr before turning on the filament.
Pressures greater than this threshold will quickly ruin the filament. For complete installation
instructions and vacuum safety measures, see Chapter 1 of the RGA manual.
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> SRS RGA |
| E wit Program
Pat 1 w| Connect
| Dizconnect
Madel [100 Info...
| |onizer Setup...

Filarment ﬁ | EIFFl

| Detector Setup...

CEM @ g
tode Analog ‘TI

[Initz Torr -

Scan.-"Lu:uE Setup...

Start Scanning

The“virtual led” next to the Filament label should be lit before performing ascan. (Note: If your
vacuum chamber is equipped with an external ionization source SRS RGA LabVIEW will let you scan
with the filament off.)

Scanning & Logging Setup Dialog
Click the button labeled “ Scan/Log Setup...”

EE Scanmng & Logging |
b azz Fange
1 10 20 30 40 BOD BO YD B0 90 100
Imitisl 1| Stepsper&MU [0 | Final 300 |

AMIT MF CEHM AMIT MNF CEM

ﬂ :I':'_ :|D_ |:| Ilze for leak detect
| .-’-'-.u:h:ll Change | Delete I Ernpty T able I

Select LDE File... I

Dizable after : I soan(z), -1=never
Log to disk at most everys [0 [zec]

In Table Mu:u:le,| record the current data. I

- | Hevert.-‘l'-.lll | k. I Cancel I

The Scanning & Logging dialog allows you to set up a scan for any of the three scanning modes (analog,
table, histogram) from within asingle screen. If you were setting up an analog scan, you would only
need to specify theinitial and final mass of the scan range. The default rangeis 100 AMU. For
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demonstration, we will run atable scan of four different masses with a 10 to 50 AMU scan range and we
will log al the datathe RGA produces. Change your dialog to look like the following figure:

I Scanning & Logaing |
Mazs Range

1 10 20 30 40 BO B0 YO B0 &0 100

Intial 10 | Stepsper&MU S0 | Finalgfsd |

AMIT HF CEHM AMIT MNF CEN

ozs 4 oFF | al4 3l [] Usze for leak detect
| f-‘%ddl Ehangel | Delets I Erpty Table I

0ls 4 OFF
02z 4 OFF
Select LI:IE File... I
9 ML, kst

Dizable after : -1 gcan(z], -1=newver
Log to disk at most evenyy 10 [zec]
In Table |'--1|:u:|e,| record all backlog data. |

- | Hevert.-‘l'-.lll | ] I Cancel I

To change the mass range you can either click and drag the graphical bar 1abeled Mass Range, or
enter theinitial and final masses directly in the spaces provided. To add masses for a table scan,
type the mass in the box labeled “AMU” and the noise floor value you wish to use for that mass
in the box labeled “NF”. If you have an electron multiplier, you also have the option of turning it
on or off by clicking in the box labeled “CEM”.

To set the log filename, smply click on “Select log file” and follow the prompts to select the
directory and filename you wish to use. Click on the toggle button next to the label “In Table
Mode,” so that “record all backlog data’ is selected.

If you wish to perform leak testing, you must use table mode. Select a particular mass for leak
testing by highlighting that mass in the gray background table. In the example above, mass44 is
highlighted. After you click on “Use for leak detect” a black diamond will appear to the left of
the mass used for leak detection.

Exit the Scanning & Logging dialog by pressing “OK”.

Running a Scan

Select Table Mode from the main menu using the pull down menu next to the label “Mode”. The
main menu should look like the next figure before you are ready to run the scan.
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> SRS RGA |
| E wit Program
Pat 1 w| Connect
| Dizconnect
Madel [100 Info...
| |onizer Setup...

Filarment Q‘ | EIFFl

| Detector Setup...

CEM @ g
tMaode  Tabledleak vl

[Initz Torr -

Scan.-"Lu:uE Setup...

Start Scanning

Click the button labeled “ Start Scanning”. After afew moments, you should get a window that
looks something like the next figure:

5! Table =] E3

Partial Pressure Leak Fef S[000E+0  Unitz[Tarr M[ﬁl
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If you were doing aleak test, you would change the value in the box labeled “Leak Ref” to areference
value. Thisisthe value you wish to classify asaleak. If the partial pressure of the mass selected for leak
testing approaches this value, atoneis generated. The tone goes up in pitch the closer the partial

pressure isto the reference value.

If you wish to change to alinear scale, click the button labeled “Log”. Thistoggle switch goes back and
forth between logarithmic and linear representations of the ordinate scale.

When you are finished with the demo, stop the scan by pressing the button labeled “STOP”

Examine the log file by opening the file in your favorite text editor. Y ou should see something that
resembles the following figure:

a Log - Motepad [_ (O] =]
File Edit Farmat Help

|5RSRGA Log File =]
Time 28 44 18 32

11,/29/2000 12:5%:41.8 2.8JE-8 4,92E-8 5.92E-7 6.21E-9

11,/29,/2000 12:59:42.7 2.B4E-8 4.95E-8 5.94E-7 6.30E-9

11,/29,/2000 12:59:43.6 2.B4E-8 4.89E-8 5.92E-7 5.00E-9

11,/29,/2000 12:59:44.5 2.75E-8 4.90E-8 5.92E-7 5.44E-9

11,/29,/2000 12:59:45.3 2.79E-8 4.78E-8 5.92E-7 5.54E-9

11,/29,/2000 12:59:46.2 2. 79E-8 4.8B0E-8 5.89E-7 5.56E-9

11,/29,/2000 12:59:47.1 2. 7BE-8 4.8lE-8 5.91E-7 6.45E-9

11,/29,/2000 12:59:48.0 2.73E-8 4.75E-8 5.90E-7 5.66E-9

11,/29,/2000 12:59:48.9 2. 78BE-8 4.69E-8 5.91E-7 5.359E-9 -
11,/29,/2000 12:59:49.8 2.71E-8 4.73E-8 5.92E-7 5.57E-9

11,/29,/2000 12:59:50.7 2.73E-8 4.71E-8 5.88E-7 4.71E-9

11,/28,/2000 12:59:51.4 2. 7BE-8 4.69E-8 5.92E-7 6.03E-9

11,/20,/2000 12:59:52.5 2. 70E-8 4.69E-8 5.9%1E-7 5.07E-D

11,/20,/2000 12:59:53.4 2. 66E-8 4.72E-8 5.91E-7 5.23E-9

11,/20,/2000 12:59:54.2 2. 69E-8 4.62E-8 5.90E-7 5.35E-0

11,/28,/2000 12:59:55.1 2.73E-8 4.62E-8 5.91E-7 5.20E-9

11,/29,/2000 12:59:56.0 2.65E-8 4.59E-8 5.88E-7 5.84E-9

11,/29,/2000 12:59:56.9 2.69E-8 4.57E-8 5.91E-7 5.6ZE-9

11,/29,/2000 12:59:57.8 2.64E-8 4.55E-8 5.89E-7 5.659E-0

11,/29,/2000 12:59:58.7 2. 58E-8 4.54E-8 5.90E-7 5.85E-9

11,/28,/2000 12:59:59.4 2.61E-8 4.51E-8 5.89E-7 5.38E-9

11,/28,/2000 13:00:00.4 2.62E-8 4.54E-8 5.90E-7 5.44E-9

11,/28,/2000 13:00:01.3 2.96E-8 4.44E-8 5.89E-7 5.70E-9

11,/28,/2000 13:00:02.2 2.57E-8 4.52E-8 5.89E-7 5.83E-9

11,/28,/2000 13:00:03.1 2.55E-8 4.50E-8 5.87E-7 5.2ZE-9

11,/28,/2000 13:00:04.0 2.595E-8 4.47E-8 5.87E-7 4.87E-9

11,/28,/2000 13:00:04.5 2.595E-8 4.46E-8 5.88E-7 5.59E-09

11,/28,/2000 13:00:05.8 2.97E-8 4.41E-8 5.84E-7 5.206E-9

11,/28,/2000 13:00:046.7 2.91E-8 4.33E-8 5.87E-7 5.01lE-9

11,/28,/2000 13:00:07.5 2.92E-8 4.34E-8 5.86E-7 5.01E-9

11,/20,/2000 13:00:08.4 2.92E-8 4.32E-8 5.86E-7 4.9ZE-9

11,/20,/2000 13:00:05.3 2.30E-8 4.39E-8 5.85E-7 4.8ZE-9

11,/20,/2000 13:00:10.2 2.33E-8 4.32E-8 5.86E-7 5.53E-9 -
SN v

Thelog fileistab delimited, and can be imported into virtually any spreadsheet utility.

Using LabVIEW 6i to Broadcast RGA Data

Reminder: SRS does not support LabVIEW. What followsissimply provided asa guide
that should help you put your SRS RGA data on theweb. You may need to make other
changesto your computer, LabVIEW, or network environments. Contact National

I nstruments (http://www.ni.com) for assistance with using the web toolsin LabVIEW 6i.
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Configurethe Web Server

Open LabVIEW 6i

Start anew VI

Under the Tools menu, select Options

[t=! Options

Paths j

| Library Directon” j v Use default

C:\Frogram Fileg\M ational lnstrumentz\LabvIEW B

Browse. .. | EI

|nzert Before I Inzert &fter | Feplace

Femove

Cancel |

*Changes to thiz option will take effect when wou relaunch.

From the pull-down menu (whose default tab is “Paths’, select Web Server: Configuration

Click the checkboxes for “ Enable Web Server” and Log File

[l Options

I Wwheb Server. Configuration j

K|

—|w Enable ‘weh Server |

Foot Directary

B amanag
HTTF Part 80

Timeout [zec] B0

C:\Program FilestM ational [nstrumentzhLabb B

v Uze default
[+ Use default

Log File [+

B log

C:%Program Filez M ational InstrumentzhLabb | E'w

Ok |

Cancel |

Unless you have reason to use other values, simply use the default values for the root directory and the
log filename. Error information will be stored in the web server’slog file and this may be important for
troubleshooting with National Instruments technical support. Make sure the log file check box is enabled

and that you note the location of the log file for later access.
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Open and run SRS RGA LabVIEW by selecting the main VI from the library.
Perform the scan you wish to publish on the web, then stop the scan and exit the main program.

The front panel for both the main VI and the scanning VI remain open. In this example, we will use an
analog scan, and SRSRGAa Anaog.VI

From the front panel toolbar of SRSRGAa Analog.vi, select Tools, then Web Publishing Tool.

i3 Web Publishing Tool B |

Document Title Sample Image [not updated]
|Internet Broadcast of SAS RGA Data

Document Title

Texnt 1 Text that is going to be displaped
; — — : before the i [ the VI 1.
LabWIE W Bi uzes a built-in web publishing tool to zend several images ||« pLare Hie 1mags o pede
af & Iunhing W'z frant panel to a Metzcape browser bo create an e o] Ty
animated image.
- =
— ¥l Name —
Il5F5RGAa dnalog. vi |j v Border [ Animated
- Text that is going to be displagred
after the image of the VI panel.
Text 2
| -
Freview in Browsger
i Save to Disk
Start "Web Server Instructions Done

The web publishing tool creates a hypertext markup language (HTML) file that will reside on the
computer on which the VI isrun. The web server within LabVIEW 6i will serve this page and embed a
Joint Picture Experts Group (JPEG) format picture of the running VI in thisfile. If you select an
“animated” V1, the server will update this picture repeatedly to give the appearance of a“movie’ of your
running V1. At the time of writing only Netscape browsers support this kind of automatic updating. Bear
in mind that if you only want a snapshot of how your vacuum system is doing, an animated web page is
not required, and any web browser supports this kind of static web page.

Notice that the button “ Start Web Server” isgrayed out. Thisiswhat you should seeif you have been
successful in enabling LabVIEW 6i’ sweb server. (Once enabled, the web server does not need to be
started, and that is why the button is grayed out.)

Change the Document Title, Text 1, and Text 2 to any label you wish. (If you want to further embellish
your web page, you can always edit the file using your favorite web publishing tool once you select
“Saveto Disk”.)

Click the “Save to Disk” button, and select where you wish to savethe HTML file. Use the default
directory location if possible.
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Oncethe HTML fileis saved, you can preview it in your browser, by clicking the “Preview in Browser”
button.

Once you are satisfied with the HTML file, click “ Start Web Server” and then click “Done”. Y ou will
get a pop-up notice box that |ooks something like this:

>l Document URL =] B2

Y'our document has been saved within the web server's root directarny.
Ilze the following URL to accezs thiz page from a browser.

Ihttp: /B84 2cef 21357 analog. hitm

Connect F,

Y

Note that this Universal Resource Locator (URL) address will not work on computers other than the one
running the V1. Clicking “Connect” will bring up the above URL within a browser on the computer
running the V1, but not other computers. Note the filename you used. Inthiscaseit is“analog.htm”.

In order to access the HTML page with the embedded picture of your running VI, you must include the
Internet Protocol (1P) address of the machine that is running the LabVIEW 6i web server. To find the IP
address of a computer under Windows 98, click on the Start menu, then select the “Run...” option. Type
in “winipcfg” at the run prompt and you should get awindow like this:

IP Configuration [_ ] |

—Ethernet Adapter Information

| 3Cam EtherLink PCI =l

Adapter Address | 0050-04-4D-23D7
IPAddress | 203.239.167.156
SubretMask | 255255.255.0
Default Gateway | 209233167 1

EelEase | == |

Helease sl | Eemnew sl | More Info > |

Under Windows 95, Click “ Start”, then “Control Panel”, then double-click “Network” to get something
like the following figure:
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Metwork

Q Mowvell Intranettsfare Client

S5 2Carn EtherLink 111 154 [2C5096-Comba] in PP mode
4 IF 32-bit Protocol for the Movell Intranet'f are Client
4 IP#/5P+-compatible Protocal

M avel Intranetsfare Client |_

—

Select TCP/IP and click the Properties button to find the |P address:
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TCP/IP Properties

211 .002 .255. 005
2bh 285 255, D0

WARNING!

DO NOT CHANGE any network settings! Making changes will cause problems with your network. Use
this dialog box simply to get the IP address of the computer running the VI you wish to put on the web.

If you are unable to find the IP address of the computer that will run your VI and serve the web page,
contact your network administrator.

Now you are ready to run your VI and try out the web publishing feature of LabVIEW 6i. Run
SRSRGAaMain.vi and run the analog scan (or whichever scan mode you used the web publishing tool
with). Go to another computer on your network and type the IP address of the computer running the VI
followed by aforward slash and the name of the HTML file. For example, if the computer running the
V1 has an IP address of 123.123.123.123, and you saved the HTML file under analog.htm, the URL
would be http://123.123.123.123/anal og.htm. In the example below we used 209.239.167.155 and the
filename anal og.htm.

If everything is set up correctly, you should see your VI running in a browser window asin the figure
below.
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Internet Broadcast of SRS RGA Data - Netscape

File Edit Yiew Go Communicator Help

T's‘[@i\ﬁ&ﬁadﬁiﬁ

Back Farward  Reload Home Seach  Metscape PFrint Security Stop
7| Wf Bookmaks & Gotor[hip://113.221.111.005/anslog him | @7 what's Related

ﬁlnstantMessage whebhd ail Contact People ‘rellow Pages Download L‘i Chantels
Internet Broadcast of SRS RGA Data

LabWIEW 61 uzes a built-in web publishing tool to send several images of a runmng VI's
front panel to a MNetscape browser to create an anmated image.

Partial Fressure Units|T arr Total Pressure 6. 70E-3

1.00E-8-

——

1.00E-3-H -
NI - T il
I AN | Hl
-B- -1 - — _ _ 1
5.qu-1n—-Tt.,-.- hﬂ.—lﬂt.... I. e
&MU 15 10 16 20 25 3 3/ 40 45 6 P
[
[ =0=] [108K read [at 28K sec) = = B e B I
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Declaration of Contamination of Vacuum Equipment

Therepair and/or service of vacuum eguipment or components can only be carried out if acompleted declaration has been
submitted. SRS reservesthe right to refuse acceptance of vacuum equipment submitted for repair or maintenance work wherethe
declaration has been omitted or has not been fully or correctly completed. SRS also reserves the right to refuse sarvicing any
vacuum equipment which could potentially be harmful to the personne carrying out the repair and service of the equipment.
Contact SRSto request additiona copies of thisform or if you have any questions regarding the contents of this declaration.

Description of equipment

Equipment type/modd:
Serid No:

Reason for return (circle one): * Repair » Maintenance
Pease describes

Equipment condition
1. Hastheequipment beenused ? (circleone) * Yes *No
2. Destribe the operating environment the instrument was exposed to:

1. Wasany of the equipment exposed to potentialy harmful substances? (circle one)
* No

* Yes. Pleasatach list of al known harmful substances including chemical name and symbol, precadttions associated with
the substance and first aid measuresin the event of accident.
Were any of the harmful substances:

Redioactive? *Yes *No
Toxic? *Yes *No
Corrosve? *Yes *No
Explosve? *Yes *No
Was equipment decontaminated/cleaned before being shipped to SRS?
*Yes * No * Not Applicable

SRSwill not service any equipment that might potentially be harmful to its service personnel.
SRSwill not accept any equipment which has been radioactively, or explosively contaminated without written
evidence that such equipment has been properly decontaminated.

L egally Binding Declaration

| hereby declare that the information supplied on thisform is complete and accurate. The dispatch of equipment will bein
accordance with the appropriate regulations covering Packaging, Trangportation and Labding of Dangerous Substances.
Name (print):

Job Title:

Organization:
Address:
Teephone: Fax:

Legdly binding sgnature: Dae

Stanford Research Systems, 1290 D Reamwood Ave., Sunnyvae, CA 94089, Ph. (408) 744-9040, FX. 744-9049




Glossary of Terms

The following is alisting of some of the most important terms used throughout the SRS
RGA Operations Manua. For amore complete listing of terms relevant to partia
pressure analyzersin general, refer to:

“A Dictionary of Vacuum Terms used in Vacuum Science and Technology, Surface
Science, Thin Film Technology and Vacuum Metdurgy”, edited by M. S. Kaminsky and
J. M. Lafferty, published by the American Vacuum Society, 1979.

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

Anode Grid (lonizer Component): Positively biased grid cage of the ionizer within
which the ionization of the gas molecules takes place. Note: In the SRS RGA, the voltage
bias of the anode grid, in Valts, sets the ion energy (in eV) for the spectrometer.

Atomic mass unit (abbreviation: amu). A unit of mass equa to one twelfth the mass
of aneutral carbon atom having six protons and six neutrons (*2C); equivaent to
1.660566 10 kg.

Background signal, Ho. Output signal, measured with respect to basdline, which is
obtained before the introduction of any gas in the chamber.

Base pressure (also Background pressure). Tota pressure before introduction of any
gases into a vacuum system. Usually, the base pressure is the lowest pressure that is
typically achieved in the vacuum chamber.

Baseline. The output signal from the RGA when no ions are arriving at the detector.

CDEM. Abbreviation for the type of eectron multipliers known as. Continuous Dynode
Electron Multiplier.

CF. Abbreviation for Conflat type flange.

CF Nipple. A short section of vacuum pipe terminated with a standard Conflat flange
connector at each end.

Charge, Q. The electron charge of anion. lon charge occurs in multiples of the electron
charge, €.
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2 Glossary of Terms

Drift. A change in timein the avearge output signal at constant partial pressure.
ECU. Abbreviation for eectronics control unit.

Electron emission. The release of eectrons from the heated filament in the ionizer. The
electrons are accelerated into the anode grid where the ionization of the gas molecules
OCCUrsS.

Electron emission current. The eectron current from the filament to the grid in
MAmMps.

lon current signals scale linearly with the electron emission current. Note: The avallable
emission current range in the SRS RGA is0to 3.5 mA.

Electron Energy. The kinetic energy of the electrons (in eV) used for electron
bombardment in the ionizer. Note: In the SRS RGA the Electron Energy is equd to the
voltage difference (in Volts) beween the filament and the anode grid.

Electronics Control Unit (abbreviation: ECU). Electronics box that attaches directly
to the probes feedtrhu flange and contains all the necessary components to operate the
quadrupole mass spectrometer and communicate with a host computer.

Faraday Cup. A charged particle detector, consisting of a metal electrode, for the direct
collection and detection of charged particles. Note: Typical designs are cup shaped to
minimize secondary € ectron losses.

Filament (lonizer Component). The source of the ionizing eectrons. Thin, thoria
coated, Iridium wire that operates at a negative 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.

Focus Plate (Ionizer component). lonizer’s electrode plate that serves the double
purpose of drawing the ions away from the anode grid, and containing the ionizing
electrons inside the source.

Fragment ion. Anion of mass smaller than that of the original parent molecule.

Fragmentation factor. The fragmentation factor of gas g at mass M is defined as the
ratio of ion signa a mass M to the ion signa at the principal mass peak of gas g.

Fragmentation of molecules: The bresking of multi-atomic molecules into units of
fewer atoms, some of which are usually electrically charged.

Fragmentation (or cracking) pattern. The fragment distribution of ionic species which
results from dissociation and ionization of multi-atomic molecules of given speciesin the
ionizer.
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Head (also RGA Head). The combination of the Probe and the Electronics Control
Unit.

Inert Gas. A gas that does not normally react chemically with other substances.
Example: He, Ar, Kr and Xe. Typically used for calibration purposesin RGA'’s.

lon. An atom or molecule which has gained or lost one or more electrons and therefore
has a negative or positive charge. Note: Most RGA'’ s use el ectron bombardment to ionize
molecules and detect only positive ions.

lon current. Therate of ion flow into the detector. Usually expressed in units of amps.

lon Energy. The kinetic energy of the ions as they move down the quadrupole mass
filter, and expressed in eV. Note: In the SRS RGA the lon Energy is equad to the voltage
biasing of the anode grid in Volts and has two possible settings (i.e. Low and High).

lonization. The process that results in the formation of ions from neutral atoms or
molecules. During ionization, electrons are added or removed from the molecules to form
negetive or positive ions respectively. Note: In the SRS RGA the ionization is caused by
electron bombardment; outer electrons are removed by the impact of energetic electrons
on the molecules.

lonization efficiency. The ionization probability normalized to the probability of ionization
of areference gas.

lonization Potential. The minimum energy per unit charge (often in eV) required to
remove an eectron from an atom (or molecule) to infinite distance. Note: In the SRS
RGA the Electron energy must be set above the ionization potential of the molecules for
ionization to occur.

lonization probability. The number s of ion pairs (equal amounts of positive and
negative charges appear as ions) produced by an electron traveling a unit ditance
(typically 1 cm) through agas at unit pressure (typically 1 mTorr). It depends on the
ionization potentia of the electrons used for bombardment.

lonizer (Probe Component). The portion of the mass psectrometer probe that
generates the ions and accel erates them as a beam. Note: The components of the SRS
RGA ionizer are: anode grid, repeller, focus plate, and filament.

Linearity. The extent to which the change in output signal of the RGA is proportiona to
the corresponding change in partia pressure.

Linear response range. The partial pressure range over which linearity in the signa
response is observed. See linearity.

M ass-to-char ge ratio: The mass-to-chargeratio, M/Q, is defined as the ratio of the
mass humber M of the ion 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
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water, 'H,™°0, have M/Q = 18, and cannot be differentiated from each other with most
mass spectrometers. Note: Mass spectrometers do not actually measure the molecular
mass directly, but rather the mass-to-charge ratio of the ions. For singly charged ions, the
mass to charge ratio is numerically equal to the mass of the ion in atomic mass units
(amu).

Mass analyzer (Probe component). The portion of the mass spectrometer probe that
separates the ion beam into its various mass-to-charge ratio components. Also referred to
as Quadrupole mass filter.

Mass Number, M. The mass number, M, is the sum of the number of protons and
neutrons in an atom or molecule.

M ass peak. Theion current pattern in the vicinity of maximum amplitude by scanning
through a small portion of the mass range containing ions of a single mass-to-charge ratio.
Very often, the term “mass peak” refersto the signal developed from singly charged ions.
For example, nitrogen is said to have a“ mass 28 peak”.

M ass Range. The range of mass numbers defined by the mass number of the lightest
and the heaviest singly charged ions which can be detected by the RGA.

M ass spectrometer. An instrument which produces a beam of molecular ions from a
sample, separates the resulting mixture of ions according to their mass-to-charge ratios,
and provides output signas which are measures of the redltive abundances of theionic
Species present.

Mass spectrum. A graph of ion abundance vs mass-to-charge ratio.

Minimum Detectable Partial Pressure change (M DPP). The partial pressure change
corresponding to the smallest signa change which can be distinguished from noise. A
common prescription is, Dpmin= s/S;, where s isthe noise and S, isthe partial pressure
sensitivity for the gas being measured.

Noise. Random fluctuation in the output signal unrelated to a change in the partia
pressure of the gas from which the signal is derived. The appropriate measure of noise is
the standard deviation sy of N independent determinations of the average output signal
obtained at constant partial pressure.

Open lon Source (Also Nude lon Source). An ionizer with electrodes of high
transparency to gases.

Outgassing. The evolution of gas molecules from the internal wall surfaces of the
vacuum system.

Parent ion. An ion of the same mass as that of the original parent molecule.

SRS Residual Gas Analyzer



Glossary of Terms 5

Partial Pressure. The pressure of a designated component of a gaseous mixture within a
system asit is exerted on the chamber walls. The sum of the partia pressures of al the
kinds of gases gives the total pressure.

Partial Pressure Analyzer (abbreviation: PPA). A compact mass spectrometer used
to analyze the residua gas composition in a vacuum system.

Peak height (also peak intensity). The maximum ion signa developed in the RGA for
a given mass-to-charge ratio peak.

Peak width (DM ,¢). The difference between the mass-to-charge ratio values on either
side of amass peak at which the signal has dropped to v% of the peak height, H. See also
Resolution.

Principal mass peak. The most intense peak in the fragmentation pattern of any
molecule.

Probe (also RGA Probe). Quadrupole mass spectrometer sensor consisting of an
ionizer, amass analyzer and a detector (Farday cup or optional electron multiplier).

Repeller (lonizer Component). The repeller grid cage completely encloses the ionizer,
is biased negative relative to the filament, and prevents the loss of eectrons from theion
source.

Residual Gas Analyzer (abbreviation: RGA). A compact mass spectrometer used to
analyze the residual gas composition in a vacuum system (same as Partial Pressure
Andyzer).

Resolution, or Absolute Resolution, DM 149. Thewidth DM of the pass band of the
filter, defined as the full width at which the ion current falls down to 10% of the maximum
value. In mass-to-charge ratio units. See also Peak width.

Resolving Power: R= M/DM 3¢y, : Rétio between a particular mass-to-charge ratio M
and the resolution, DM 1095 , @ that mass. Dimensionlessretio.

RGA. Abbreviation for Residua Gas Analyzer.
RGA Cover Nipple. CF Nipple that covers the RGA Probe.

Scan Speed (mass spectrometer). The speed at which the RGA scans through arange
of succesive mass numbers.

Scanning. The procedure of continuoudy changing the mass tuning of the quadrupole
mass spectrometer to bring successive mass numbers into tune.

Sensitivity.

Partial Pressure:
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The partia pressure sensitivity of the RGA to agasg, Sg is defined as the ratio of the
change (H-Ho) in principal mass pesk height to the corresponding change (P-Py) in
total pressure due to a change in partial pressure of the particular gas species. Hp 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).

Total Pressure:

The total pressure sensitivity of the RGA to agas g, is defined similarly as the ratio of the
change (H-Hy) in total ion current 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.

Sensitivity calibration. The act of establishing a a correspondence between the change
inion current and the corresponding change in partia pressure of the gas from which the
ion is produced. The correspondence might be represented graphically or as atable of
vaues. See aso Senstivity.

Space charge. The electrica charge carried by a cloud of free elctrons or ions. Space
charge can causes serious changes in the potential distributions of the ionizer, and
ultimately limits the pressure operating range of al RGA'’s.

Total Pressure. The average normal force per unit area exerted by all the gas molecules
impacting on the interna surfaces of the vacuum chamber. Units are typicaly Torr, mbar
or Pascal. Note: The SRS RGA is capable of collecting total ion currents that can be
turned into total pressure measurements with the help of gas dependent total pressure
sengtivity factors.

UHV. Abbreviation for Ultra High Vacuum. Pressure < 10° Torr.
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RGA Parts List

Rev E Components

Top Board Components

Ref. SRS p/n Value Description

C 100 5-00023-529  .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C 101 5-00221-529  330P Cap, Monolythic Ceramic, 50V, 20%, Z5U
C 102 5-00221-529  330P Cap, Monolythic Ceramic, 50V, 20%, Z5U
Cc103 5-00285-562  100P Cap., NPO Monolitic Ceramic, 50v, 5% Ra
C 104 5-00285-562  100P Cap., NPO Monolitic Ceramic, 50v, 5% Ra
C 105 5-00285-562  100P Cap., NPO Monolitic Ceramic, 50v, 5% Ra
C 106 5-00023-529 .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
c 107 5-00023-529 .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C 108 5-00023-529  .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C 109 5-00023-529 .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C110 5-00023-529 .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
Cl111 5-00023-529  .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
Cl112 5-00023-529  .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C113 5-00023-529 .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
Cl14 5-00023-529 .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C 200 5-00100-517 22U Capacitor, Tantalum, 35V, 20%, Rad

C 205 5-00051-512  .015U Cap, Stacked Metal Film 50V 5% -40/+85¢
C 206 5-00051-512  .015U Cap, Stacked Metal Film 50V 5% -40/+85c
C207 5-00052-512  .01U Cap, Stacked Metal Film 50V 5% -40/+85c
C 208 5-00052-512 .01U Cap, Stacked Metal Film 50V 5% -40/+85¢
C 209 5-00285-562  100P Cap., NPO Monolitic Ceramic, 50v, 5% Ra
C211 5-00023-529 .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C212 5-00003-501 10P Capacitor, Ceramic Disc, 50V, 10%, SL
C213 5-00219-529  .01U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C214 5-00219-529  .01U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C215 5-00219-529  .01U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C 216 5-00219-529  .01U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C217 5-00219-529  .01U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C 300 5-00100-517 2.2U Capacitor, Tantalum, 35V, 20%, Rad

C 301 5-00023-529 .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C 302 5-00023-529 .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C 303 5-00239-562  680P Cap., NPO Monolitic Ceramic, 50v, 5% Ra
C 304 5-00233-532  22P Capacitor, Ceramic Disc, 50V, 10% NPO

C 305 5-00239-562  680P Cap., NPO Monolitic Ceramic, 50v, 5% Ra
C 306 5-00023-529 .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
D 100 3-00010-303  GREEN LED, T1 Package

D 101 3-00010-303  GREEN LED, T1 Package

D 102 3-00010-303  GREEN LED, T1 Package

D 103 3-00010-303  GREEN LED, T1 Package

D 104 3-00010-303 GREEN LED, T1 Package

D 105 3-00011-303 RED LED, T1 Package

D 106 3-00011-303 RED LED, T1 Package

D 107 3-00011-303 RED LED, T1 Package

D 108 3-00004-301 1N4148 Diode
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D 109 3-00004-301 1N4148 Diode
D 300 3-00203-301 IN5711 Diode
D 301 3-00203-301 IN5711 Diode
D 302 3-00203-301 IN5711 Diode
D 303 3-00203-301 IN5711 Diode
D 304 3-00004-301 1N4148 Diode
D 305 3-00203-301 IN5711 Diode
J 100 1-00143-101  TEST JACK Vertical Test Jack
J 101 1-00143-101  TEST JACK Vertical Test Jack
JP100 1-00086-130 3 PIN SI Connector, Male
JP101 1-00014-160 9 PIN D Connector, D-Sub, Right Angle PC, Female
JP102 1-00264-131 20 PIN DI Connector, Female
JP103 1-00086-130 3 PIN SI Connector, Male
JP200 1-00264-131 20 PIN DI Connector, Female
JP300 1-00265-131 4 PIN SI Connector, Female
JP301 1-00264-131 20 PIN DI Connector, Female
L 300 6-00006-602 33U Inductor, Radial
M 104 0-00546-000  4-40 BE CU Hardware, Misc.
P 300 4-00486-441 50 Pot, Multi-Turn Trim, 3/8" Square Top Ad
PCl1 7-00671-701  RGA TOP Printed Circuit Board
Q 100 3-00021-325  2N3904 Transistor, TO-92 Package
Q101 3-00021-325  2N3904 Transistor, TO-92 Package
Q102 3-00021-325  2N3904 Transistor, TO-92 Package
Q103 3-00021-325  2N3904 Transistor, TO-92 Package
Q104 3-00021-325  2N3904 Transistor, TO-92 Package
Q105 3-00021-325  2N3904 Transistor, TO-92 Package
Q 106 3-00021-325  2N3904 Transistor, TO-92 Package
R 100 4-00192-407 499K Resistor, Metal Film, 1/8W, 1%, S0PPM
R 101 4-00138-407  10.0K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 102 4-00887-407 133K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 103 4-00138-407 10.0K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 104 4-00079-401 4.7K Resistor, Carbon Film, 1/4W, 5%
R 105 4-00034-401 10K Resistor, Carbon Film, 1/4W, 5%
R 106 4-00031-401 100 Resistor, Carbon Film, 1/4W, 5%
R 107 4-00021-401 1.0K Resistor, Carbon Film, 1/4W, 5%
R 108 4-00021-401 1.0K Resistor, Carbon Film, 1/4W, 5%
R 109 4-00021-401 1.0K Resistor, Carbon Film, 1/4W, 5%
R 110 4-00031-401 100 Resistor, Carbon Film, 1/4W, 5%
R111 4-00034-401 10K Resistor, Carbon Film, 1/4W, 5%
R 112 4-00034-401 10K Resistor, Carbon Film, 1/4W, 5%
R 113 4-00034-401 10K Resistor, Carbon Film, 1/4W, 5%
R 114 4-00034-401 10K Resistor, Carbon Film, 1/4W, 5%
R 115 4-00034-401 10K Resistor, Carbon Film, 1/4W, 5%
R 116 4-00034-401 10K Resistor, Carbon Film, 1/4W, 5%
R 117 4-00034-401 10K Resistor, Carbon Film, 1/4W, 5%
R 118 4-00034-401 10K Resistor, Carbon Film, 1/4W, 5%
R 119 4-00021-401 1.0K Resistor, Carbon Film, 1/4W, 5%
R 120 4-00021-401 1.0K Resistor, Carbon Film, 1/4W, 5%
R 121 4-00021-401 1.0K Resistor, Carbon Film, 1/4W, 5%
R 122 4-00021-401 1.0K Resistor, Carbon Film, 1/4W, 5%
R 123 4-00021-401 1.0K Resistor, Carbon Film, 1/4W, 5%
R 124 4-00021-401 1.0K Resistor, Carbon Film, 1/4W, 5%
R 125 4-00021-401 1.0K Resistor, Carbon Film, 1/4W, 5%
R 126 4-00021-401 1.0K Resistor, Carbon Film, 1/4W, 5%
R 127 4-00021-401 1.0K Resistor, Carbon Film, 1/4W, 5%
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R 128 4-00022-401 1.0M Resistor, Carbon Film, 1/4W, 5%

R 202 4-00138-407 10.0K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 203 4-00138-407 10.0K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 204 4-00053-401 200 Resistor, Carbon Film, 1/4W, 5%

R 205 4-00031-401 100 Resistor, Carbon Film, 1/4W, 5%

R 206 4-00479-407  66.5K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 210 4-00192-407 49.9K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 211 4-00142-407 100K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 212 4-00142-407 100K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 213 4-00192-407 499K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 214 4-00142-407 100K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 215 4-00138-407 10.0K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 216 4-00130-407 1.00K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 217 4-00141-407 100 Resistor, Metal Film, 1/8W, 1%, 50PPM
R 218 4-00892-407 11 Resistor, Metal Film, 1/8W, 1%, 50PPM
R 219 4-00031-401 100 Resistor, Carbon Film, 1/4W, 5%

R 220 4-00031-401 100 Resistor, Carbon Film, 1/4W, 5%

R 221 4-00398-407 499K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 222 4-00398-407 499K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 223 4-00131-407  1.00M Resistor, Metal Film, 1/8W, 1%, 50PPM
R 224 4-00131-407 1.00M Resistor, Metal Film, 1/8W, 1%, 50PPM
R 225 4-00897-408 1.910K Resistor, Metal Film, 1/8W, 0.1%, 25ppm
R 226 4-00218-408  10.00K Resistor, Metal Film, 1/8W, 0.1%, 25ppm
R 227 4-00897-408 1.910K Resistor, Metal Film, 1/8W, 0.1%, 25ppm
R 228 4-00218-408  10.00K Resistor, Metal Film, 1/8W, 0.1%, 25ppm
R 229 4-00192-407 499K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 230 4-00192-407 49.9K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 231 4-00555-407 590 Resistor, Metal Film, 1/8W, 1%, SOPPM
R 232 4-00130-407  1.00K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 233 4-00376-407 2.87K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 300 4-00138-407 10.0K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 301 4-00138-407 10.0K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 302 4-00164-407  20.0K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 303 4-00034-401 10K Resistor, Carbon Film, 1/4W, 5%

R 304 4-00888-401 150K Resistor, Carbon Film, 1/4W, 5%

R 305 4-00034-401 10K Resistor, Carbon Film, 1/4W, 5%

R 306 4-00888-401 150K Resistor, Carbon Film, 1/4W, 5%

R 309 4-00130-407  1.00K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 310 4-00188-407 4.99K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 312 4-00202-407 698 Resistor, Metal Film, 1/8W, 1%, 50PPM
R 313 4-00165-407 200 Resistor, Metal Film, 1/8W, 1%, 50PPM
R 314 4-00154-407 150 Resistor, Metal Film, 1/8W, 1%, 50PPM
R 315 4-00130-407 1.00K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 316 4-00021-401 1.0K Resistor, Carbon Film, 1/4W, 5%

R 317 4-00188-407 4.99K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 318 4-00188-407 4.99K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 319 4-00164-407  20.0K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 320 4-00188-407 4.99K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 321 4-00164-407  20.0K Resistor, Metal Film, 1/8W, 1%, SOPPM
R 322 0-00000-000 UNDECIDED PART Hardware, Misc.

R 323 4-00079-401 4.7K Resistor, Carbon Film, 1/4W, 5%
SO101 1-00232-150 52 PLCC TH Socket, THRU-HOLE

SW100 0-00772-000  1.5" WIRE Hardware, Misc.

U 100 3-00637-340 MAX705CPA Integrated Circuit (Thru-hole Pkg)

U 102 3-00537-340  74HC373 Integrated Circuit (Thru-hole Pkg)
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U 103
U 104
U 105
U 106
U 107
U 108
U 109
U110
U111
U112
U113
U114
U 200
U 201
U 202
U 203
U 209
U211
U 300
U 301
U 302
U 303
U 304
U 305
U 306
U 307
Z0

Z0

Z0

3-00366-341
3-00109-340
3-00110-340
3-00036-340
6-00185-621
3-00169-340
3-00049-340
3-00039-340
3-00265-340
3-00265-340
3-00265-340
3-00039-340
3-00413-340
3-00270-340
3-00508-340
3-00636-340
3-00270-340
3-00091-340
3-00049-340
3-00385-340
3-00508-340
3-00630-340
3-00220-340
3-00632-340
3-00382-340
3-00633-340
0-00042-010
0-00241-021
1-00087-131

32KX8-35
MC1488
MC1489
74HCO00
11.0592
74HC4020
74HC74
74HC14
74HC595
74HC595
74HC595
74HC14
LM34DZ
74HC4051
LM358
ADS7807P
74HC4051
LF412
74HC74
74HC4053
LM358
ADI861IN
OP297
ADg810
OPA37
MAXS528CPP
4-40 HEX
4-40X3/16PP
2 PIN JUMPER

Bottom Board Components

Ref.

C 400
C 401
C 402
C 403
C 404
C 405
C 406
C 407
C 408
C 409
C412
C413
C414
C4l15
Cc4l16
c417
C418
c419
C 420
C421
C422

SRS p/n
5-00049-566

5-00100-517
5-00051-512
5-00023-529
5-00023-529
5-00062-513
5-00023-529
5-00052-512
5-00161-533
5-00161-533
5-00171-535
5-00171-535
5-00330-533
5-00330-533
5-00003-501
5-00003-501
0-00000-000
0-00000-000
0-00000-000
0-00000-000
5-00285-562

Value

.001U

22U

.015U

1U

1U

.0022U

1U

.01U

22U

22U

.01U

.01U

.01U 400V 10%
.01U 400V 10%

10P

10P

UNDECIDED PART
UNDECIDED PART
UNDECIDED PART
UNDECIDED PART
100P

STATIC RAM, I.C.

Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Crystal Oscillator

Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Nut, Hex

Screw, Panhead Phillips
Connector, Female

Description
Cap, Polyester Film 50V 5% -40/+85¢c Rad

Capacitor, Tantalum, 35V, 20%, Rad

Cap, Stacked Metal Film 50V 5% -40/+85c
Cap, Monolythic Ceramic, 50V, 20%, Z5U
Cap, Monolythic Ceramic, 50V, 20%, Z5U
Capacitor, Mylar/Poly, 50V, 5%, Rad

Cap, Monolythic Ceramic, 50V, 20%, Z5U
Cap, Stacked Metal Film 50V 5% -40/+85¢
Capacitor, Metallized Polyester

Capacitor, Metallized Polyester

Capacitor, Polypropylene

Capacitor, Polypropylene

Capacitor, Metallized Polyester

Capacitor, Metallized Polyester

Capacitor, Ceramic Disc, 50V, 10%, SL
Capacitor, Ceramic Disc, 50V, 10%, SL
Hardware, Misc.

Hardware, Misc.

Hardware, Misc.

Hardware, Misc.

Cap., NPO Monolitic Ceramic, 50v, 5% Ra
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C423 5-00121-566  .0047U Cap, Polyester Film 50V 5% -40/+85¢ Rad
C424 5-00121-566  .0047U Cap, Polyester Film 50V 5% -40/+85c Rad
C 425 5-00005-501 150P Capacitor, Ceramic Disc, 50V, 10%, SL
C 500 5-00034-526 100U Capacitor, Electrolytic, 35V, 20%, Rad
C 501 5-00003-501 10P Capacitor, Ceramic Disc, 50V, 10%, SL
C 502 5-00061-513  .001U Capacitor, Mylar/Poly, 50V, 5%, Rad
C 503 5-00023-529 .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C 504 5-00023-529 .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C 505 5-00329-526 120U Capacitor, Electrolytic, 35V, 20%, Rad
C 506 5-00264-513  .0015U Capacitor, Mylar/Poly, 50V, 5%, Rad
C 507 5-00264-513  .0015U Capacitor, Mylar/Poly, 50V, 5%, Rad

C 508 5-00330-533  .01U 400V 10% Capacitor, Metallized Polyester

C 509 5-00330-533  .01U 400V 10% Capacitor, Metallized Polyester

C510 5-00330-533  .01U 400V 10% Capacitor, Metallized Polyester

C 511 5-00023-529 .1U Cap, Monolythic Ceramic, 50V, 20%, Z5U
C615 5-00329-526 120U Capacitor, Electrolytic, 35V, 20%, Rad
col6 5-00329-526 120U Capacitor, Electrolytic, 35V, 20%, Rad
col7 5-00061-513  .001U Capacitor, Mylar/Poly, 50V, 5%, Rad
C618 5-00329-526 120U Capacitor, Electrolytic, 35V, 20%, Rad
co619 5-00157-533  .1U Capacitor, Metallized Polyester

C 620 5-00157-533  .1U Capacitor, Metallized Polyester

C 621 5-00157-533  .1U Capacitor, Metallized Polyester

C 622 5-00100-517 22U Capacitor, Tantalum, 35V, 20%, Rad

C 623 5-00100-517 22U Capacitor, Tantalum, 35V, 20%, Rad

C 624 5-00100-517 22U Capacitor, Tantalum, 35V, 20%, Rad

C 625 5-00100-517 2.2U Capacitor, Tantalum, 35V, 20%, Rad

C 626 5-00100-517 22U Capacitor, Tantalum, 35V, 20%, Rad

C 627 5-00100-517 22U Capacitor, Tantalum, 35V, 20%, Rad

C 628 5-00100-517 22U Capacitor, Tantalum, 35V, 20%, Rad

C 629 5-00100-517 22U Capacitor, Tantalum, 35V, 20%, Rad

C 630 5-00100-517 22U Capacitor, Tantalum, 35V, 20%, Rad

C 631 5-00100-517 22U Capacitor, Tantalum, 35V, 20%, Rad

C 632 5-00100-517 2.2U Capacitor, Tantalum, 35V, 20%, Rad

C 633 5-00100-517 22U Capacitor, Tantalum, 35V, 20%, Rad

C 634 5-00100-517  2.2U Capacitor, Tantalum, 35V, 20%, Rad

C 635 5-00157-533  .1U Capacitor, Metallized Polyester

C 636 5-00157-533  .1U Capacitor, Metallized Polyester

CX501 5-00100-517 22U Capacitor, Tantalum, 35V, 20%, Rad
CX601 5-00100-517  2.2U Capacitor, Tantalum, 35V, 20%, Rad

D 400 3-00004-301  1N4148 Diode

D 401 3-00004-301  1N41438 Diode

D 402 3-00203-301  IN5711 Diode

D 403 3-00203-301  IN5711 Diode

D 500 3-00001-301  1N4001 Diode

D 502 3-00004-301  1N41438 Diode

D 503 3-00004-301  1N4148 Diode

D 504 3-00004-301  1N4148 Diode

D 505 3-00203-301  IN5711 Diode

D 506 3-00004-301  1N4148 Diode

D611 3-00228-301 MURI160 Diode

D612 3-00228-301 MURI160 Diode

D613 3-00228-301  MURI160 Diode

D614 3-00228-301 MURI160 Diode

D615 3-00228-301  MURI160 Diode

D616 3-00228-301 MURI160 Diode
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D617 3-00228-301  MURI160 Diode
D618 3-00228-301  MURI160 Diode
D619 3-00228-301  MURI160 Diode
D 620 3-00228-301  MURI160 Diode
D 621 3-00228-301  MURI160 Diode
D 622 3-00228-301  MURI160 Diode
D 623 3-00625-302 MBRI1535CT Diode, Dual Schottky
F 600 6-00135-611 5A 2AG Fuse
JP400 1-00264-131 20 PIN DI Connector, Female
JP500 1-00270-130 4 PIN SI Connector, Male
JP501 1-00270-130 4 PIN SI Connector, Male
JP600 1-00269-159 9 PIN Connector, D-Sub, Right Angle PC, Male
JP601 1-00264-131 20 PIN DI Connector, Female
L 400 6-00174-630 6611 TYPE 43 Ferrite Beads
L 401 6-00174-630 6611 TYPE 43 Ferrite Beads
L 500 6-00174-630 6611 TYPE 43 Ferrite Beads
L 501 0-00772-000  1.5" WIRE Hardware, Misc.
L 601 6-00174-630 6611 TYPE 43 Ferrite Beads
L 602 6-00174-630 6611 TYPE 43 Ferrite Beads
L 603 6-00174-630 6611 TYPE 43 Ferrite Beads
LX400 0-00772-000  1.5" WIRE Hardware, Misc.
LX401 0-00772-000  1.5" WIRE Hardware, Misc.
LX500 0-00772-000  1.5" WIRE Hardware, Misc.
LX601 0-00772-000 1.5" WIRE Hardware, Misc.
LX602 0-00772-000  1.5" WIRE Hardware, Misc.
LX603 0-00772-000  1.5" WIRE Hardware, Misc.
M 404 0-00546-000  4-40 BE CU Hardware, Misc.
PCl1 7-00670-701 RGA BOTTOM Printed Circuit Board
Q400 3-00022-325  2N3906 Transistor, TO-92 Package
Q 404 3-00627-325  MPSA92 Transistor, TO-92 Package
Q405 3-00628-325  MPSA42 Transistor, TO-92 Package
Q406 3-00627-325  MPSA92 Transistor, TO-92 Package
Q407 3-00628-325  MPSA42 Transistor, TO-92 Package
Q502 3-00644-329  TIP48/TIP47 Voltage Reg., TO-220 (TAB) Package
Q503 3-00627-325  MPSA92 Transistor, TO-92 Package
Q504 3-00627-325  MPSA92 Transistor, TO-92 Package
Q 505 3-00628-325  MPSA42 Transistor, TO-92 Package
Q 506 3-00627-325  MPSA92 Transistor, TO-92 Package
Q507 3-00628-325  MPSA42 Transistor, TO-92 Package
Q508 3-00628-325  MPSA42 Transistor, TO-92 Package
R 400 4-00800-401 1 Resistor, Carbon Film, 1/4W, 5%
R 401 4-00022-401 1.0M Resistor, Carbon Film, 1/4W, 5%
R 402 4-00031-401 100 Resistor, Carbon Film, 1/4W, 5%
R 403 4-00188-407  4.99K Resistor, Metal Film, 1/8W, 1%, S0PPM
R 404 4-00889-401 110 Resistor, Carbon Film, 1/4W, 5%
R 405 4-00138-407  10.0K Resistor, Metal Film, 1/8W, 1%, SOPPM
R 406 4-00021-401 1.0K Resistor, Carbon Film, 1/4W, 5%
R 407 4-00021-401 1.0K Resistor, Carbon Film, 1/4W, 5%
R 408 4-00031-401 100 Resistor, Carbon Film, 1/4W, 5%
R 409 4-00557-407 40.2K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 410 4-00138-407 10.0K Resistor, Metal Film, 1/8W, 1%, 50PPM
R 411 4-00034-401 10K Resistor, Carbon Film, 1/4W, 5%
R 412 4-00056-401 22 Resistor, Carbon Film, 1/4W, 5%
R 413 4-00043-401 180 Resistor, Carbon Film, 1/4W, 5%
R 414 4-00043-401 180 Resistor, Carbon Film, 1/4W, 5%
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R 415
R 416
R 417
R 418
R 419
R 420
R 421
R 422
R 423
R 424
R 425
R 426
R 427
R 428
R 429
R 430
R 431
R 432
R 433
R 434
R 435
R 436
R 437
R 438
R 439
R 440
R 441
R 442
R 443
R 444
R 500
R 501
R 502
R 503
R 504
R 505
R 506
R 507
R 508
R 509
R 510
R 511
R 513
R 514
R 515
R 516
R 517
R 518
R 519
R 520
R 521
R 522
R 523
R 524
R 525

4-00800-401
4-00800-401
4-00800-401
4-00800-401
4-00034-401
4-00192-407
4-00138-407
4-00446-407
4-00131-407
4-00405-407
4-00034-401
4-00188-407
4-00074-401
4-00022-401
4-00034-401
4-00083-401
4-00890-408
4-00890-408
4-00022-401
4-00022-401
4-00021-401
4-00021-401
4-00131-407
4-00034-401
4-00074-401
4-00034-401
4-00188-407
4-00079-401
4-00079-401
4-00081-401
4-00168-407
4-00188-407
4-00138-407
4-00142-407
4-00473-407
4-00138-407
4-00164-407
4-00164-407
4-00138-407
4-00303-407
4-00138-407
4-00192-407
4-00034-401
4-00034-401
4-00800-401
4-00800-401
4-00141-407
4-00031-401
4-00034-401
4-00192-407
4-00138-407
4-00141-407
4-00188-407
4-00032-401
4-00034-401

— . —

10K
49.9K
10.0K
47.5K
1.00M
2.45M
10K
4.99K
33K
1.0M
10K
47K
1.000M
1.000M
1.0M
1.0M
1.0K
1.0K
1.00M
10K
33K
10K
4.99K
4.7K
4.7K
470
22.6K
4.99K
10.0K
100K
11.0K
10.0K
20.0K
20.0K
10.0K
7.87K
10.0K
49.9K
10K
10K

100
100
10K
49.9K
10.0K
100
4.99K
100K
10K

Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, S0PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Carbon Film, 1/4W, 5%
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Metal Film, 1/8W, 0.1%, 25ppm
Resistor, Metal Film, 1/8W, 0.1%, 25ppm
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Metal Film, 1/8W, 1%, S0PPM
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Metal Film, 1/8W, 1%, S0PPM
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Metal Film, 1/8W, 1%, S0OPPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, S0PPM
Resistor, Metal Film, 1/8W, 1%, SOPPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, SOPPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, SOPPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%

7
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R 526
R 527
R 528
R 529
R 530
R 531
R 532
R 533
R 534
R 535
R 536
R 537
R 538
R 539
R 540
R 541
R 542
R 543
R 544
R 545
R 546
R 547
R 548
R 549
R 550
R 551
R 615
R 616
R 617
R 618
RL500
T 400
T 401
T 500
T 601
U 400
U 401
U 402
U 403
U 500
U 501
U 502
U 503
U 504
U 505
U 601
U 603
U 605
U 606
U 608
Z0
Z0
Z0
Z0
Z0

4-00048-401
4-00079-401
4-00021-401
4-00457-407
4-00034-401
4-00131-407
4-00131-407
4-00131-407
4-00294-407
4-00131-407
4-00398-407
4-00131-407
4-00390-407
4-00390-407
4-00294-407
4-00398-407
4-00398-407
4-00021-401
4-00138-407
4-00164-407
4-00138-407
4-00034-401
4-00032-401
4-00032-401
4-00021-401
4-00083-401
4-00303-407
4-00800-401
4-00800-401
4-00058-401
3-00196-335
6-00009-610
6-00197-601
6-00200-610
6-00199-610
3-00090-340
3-00286-340
3-00508-340
3-00220-340
3-00385-340
3-00634-340
3-00508-340
3-00508-340
3-00508-340
3-00410-309
3-00634-340
3-00112-329
3-00346-329
3-00330-329
3-00119-329
0-00042-010
0-00241-021
0-00342-000
1-00006-130
1-00250-116

2.2K

4.7K

1.0K

33.2K

10K

1.00M

1.00M

1.00M

24 9K

1.00M

499K

1.00M

61.9K

61.9K

249K

499K

499K

1.0K

10.0K

20.0K

10.0K

10K

100K

100K

1.0K

47K

7.87K

1

1

220K
HS-212S-5
T1-1-X65

RF PRIMARY
RGA FILAMENT
RGA INVERTER
LF411
SN75372
LM358
OP297
74HC4053
3525A
LM358
LM358
LM358
MOCS8204
3525A

7805

7812

7912

7905

4-40 HEX
4-40X3/16PP
FUSEHOLDER 2AG
2 PIN DI

2 PIN, WHITE

Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Carbon Film, 1/4W, 5%
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, S0PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, S0PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Carbon Film, 1/4W, 5%
Resistor, Metal Film, 1/8W, 1%, S0PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Metal Film, 1/8W, 1%, S0PPM
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%

Relay

Transformer

Inductor

Transformer

Transformer

Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Optical Switch

Integrated Circuit (Thru-hole Pkg)
Voltage Reg., TO-220 (TAB) Package
Voltage Reg., TO-220 (TAB) Package
Voltage Reg., TO-220 (TAB) Package
Voltage Reg., TO-220 (TAB) Package
Nut, Hex

Screw, Panhead Phillips

Hardware, Misc.

Connector, Male

Header, Amp, MTA-156

SRS Residual Gas Analyzer
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Vertical Board Components

Ref.

C 700
C 701
C 750
C751
C 800
C 801
C 806
C 807
C 808
C 809
C 810
C38l11
C8l12
C 813
C8l14
C 815
C8l6
C 817
C 818
C8&19
C 820
D 501
D610
D 800
D 801
D 802
D 803
D 804
D 805
D 806
D 807
D 808
D 809
D 810
D 811
D 812
1701

JP700
JP750
JP751
JP752
JP800
JP850
JP852
JP853
JP854
JP855
L 402
L 800

SRS p/n
5-00023-529

5-00023-529
5-00339-574
5-00339-574
5-00060-512
5-00100-517
5-00143-536
5-00143-536
5-00143-536
5-00143-536
5-00143-536
5-00143-536
5-00143-536
5-00143-536
5-00143-536
5-00143-536
5-00331-560
5-00332-560
5-00054-512
5-00023-529
5-00052-512
3-00625-302
3-00625-302
3-00004-301
3-00004-301
3-00626-301
3-00626-301
3-00626-301
3-00626-301
3-00626-301
3-00626-301
3-00626-301
3-00626-301
3-00626-301
3-00626-301
3-00004-301
1-00268-120
1-00266-130
1-00271-131
1-00271-131
1-00267-130
1-00263-130
1-00264-131
1-00266-130
1-00266-130
1-00266-130
1-00266-130
6-00502-601
6-00174-630

Value

10U

1U

SP 500V SMT
SP 500V SMT
1.0U

2.2U

1200P

1200P

1200P

1200P

1200P

1200P

1200P

1200P

1200P

1200P
1000P/.001U
100P

.047U

AU

.01U
MBR1535CT
MBR1535CT
1N4148
1N4148
MURI1100E
MURI1100E
MURI1100E
MURI1100E
MURI1100E
MURI1100E
MURI1100E
MURI1100E
MURI1100E
MURI1100E
1N4148
PUSH-ON RG58
20 PIN DI RA
4 PIN SI SIDE
4 PIN SI SIDE
4 PIN SIRA
20 PIN DI

20 PIN DI

20 PIN DI RA
20 PIN DI RA
20 PIN DI RA
20 PIN DI RA
RF XFRMR T131-6
6611 TYPE 43

Description
Cap, Monolythic Ceramic, 50V, 20%, Z5U

Cap, Monolythic Ceramic, 50V, 20%, Z5U
SMT, High Voltage Porcelain Cap.

SMT, High Voltage Porcelain Cap.

Cap, Stacked Metal Film 50V 5% -40/+85c
Capacitor, Tantalum, 35V, 20%, Rad
Capacitor, Ceramic, 1000 VDCW
Capacitor, Ceramic, 1000 VDCW
Capacitor, Ceramic, 1000 VDCW
Capacitor, Ceramic, 1000 VDCW
Capacitor, Ceramic, 1000 VDCW
Capacitor, Ceramic, 1000 VDCW
Capacitor, Ceramic, 1000 VDCW
Capacitor, Ceramic, 1000 VDCW
Capacitor, Ceramic, 1000 VDCW
Capacitor, Ceramic, 1000 VDCW
Capacitor, Ceramic Disc, 3KV

Capacitor, Ceramic Disc, 3KV

Cap, Stacked Metal Film 50V 5% -40/+85¢
Cap, Monolythic Ceramic, 50V, 20%, Z5U
Cap, Stacked Metal Film 50V 5% -40/+85c
Diode, Dual Schottky

Diode, Dual Schottky

Diode

Diode

Diode

Diode

Diode

Diode

Diode

Diode

Diode

Diode

Diode

Diode

Diode

Connector, BNC

Connector, Male

Connector, Female

Connector, Female

Connector, Male

Connector, Male

Connector, Female

Connector, Male

Connector, Male

Connector, Male

Connector, Male

Inductor

Ferrite Beads

SRS Residual Gas Analyzer
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LX800
PCI1
Q 401
Q 402
Q 403
Q 500
Q 501
Q 604
Q 605
Q 700
Q 701
Q702
Q 703
Q 800
Q 801
Q 802
R 700
R 701
R 702
R 703
R 704
R 705
R 706
R 707
R 708
R 709
R 800
R 801
R 802
R 803
R 804
R 805
R 806
R 809
R 810
R 812
R 813
R 814
RL700
RL701
RL702
T 800
U 602
U 604
U 607
U 700
U 701
U 800
Z0
Z0
Z0
Z0
Z0
Z0
Z0

0-00772-000
7-00669-701
3-00082-329
3-00629-329
3-00629-329
3-00283-340
3-00283-340
3-00283-340
3-00283-340
3-00635-325
3-00635-325
3-00635-325
3-00635-325
3-00082-329
3-00021-325
3-00021-325
4-00035-401
4-00035-401
4-00857-458
4-00857-458
4-00193-407
4-00193-407
4-00032-401
4-00031-401
4-00031-401
4-00032-401
4-00166-407
4-00034-401
4-00034-401
4-00074-401
4-00031-401
4-00192-407
4-00130-407
4-00891-458
4-00131-407
4-00138-407
4-00142-407
4-00047-401
3-00523-335
3-00523-335
3-00523-335
6-00201-610
3-00114-329
3-00112-329
3-00120-329
3-00631-340
3-00631-340
3-00091-340
0-00043-011
0-00079-031
0-00089-033
0-00096-041
0-00122-053
0-00125-050
0-00187-021

1.5" WIRE

RGA VERTICALS
D44VHI10

IRF510

IRF510
IRF530/IRF532
IRF530/IRF532
IRF530/IRF532
IRF530/IRF532
PN4117A
PN4117A
PN4117A
PN4117A
D44VH10

2N3904

2N3904

10M

10M

1.0G .5W 200PPM
1.0G .5W 200PPM
499

499

100K

100

100

100K

200K

10K

10K

33K

100

49.9K

1.00K

100M .5W

1.00M

10.0K

100K

2.2
G6AK-234P-ST-UC
G6AK-234P-ST-UC
G6AK-234P-ST-UC

RGA HIGH VOLTAG

7815

7805

7915
ADS549LH
ADS549LH
LF412

4-40 KEP
4-40X3/16 M/F
4"

#4 SPLIT
2-1/4" #24
3" #18
4-40X1/4PP

Hardware, Misc.

Printed Circuit Board

Voltage Reg., TO-220 (TAB) Package
Voltage Reg., TO-220 (TAB) Package
Voltage Reg., TO-220 (TAB) Package
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Transistor, TO-92 Package

Transistor, TO-92 Package

Transistor, TO-92 Package

Transistor, TO-92 Package

Voltage Reg., TO-220 (TAB) Package
Transistor, TO-92 Package

Transistor, TO-92 Package

Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Metal Oxide

Resistor, Metal Oxide

Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Metal Film, 1/8W, 1%, 5S0PPM
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Carbon Film, 1/4W, 5%
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Oxide

Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Metal Film, 1/8W, 1%, SOPPM
Resistor, Metal Film, 1/8W, 1%, 50PPM
Resistor, Carbon Film, 1/4W, 5%

Relay

Relay

Relay

Transformer

Voltage Reg., TO-220 (TAB) Package
Voltage Reg., TO-220 (TAB) Package
Voltage Reg., TO-220 (TAB) Package
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)
Integrated Circuit (Thru-hole Pkg)

Nut, Kep

Standoff

Tie

Washer, Split

Wire #24 UL1007 Strip 1/4x1/4 Tin
Wire #18 UL1007 Stripped 3/8x3/8 No Tin
Screw, Panhead Phillips

SRS Residual Gas Analyzer
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Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0
Z0

0-00231-043
0-00238-026
0-00259-021
0-00308-021
0-00316-003
0-00317-070
0-00551-000
0-00588-030
0-00589-026
0-00614-021
0-00617-031
0-00627-056
0-00638-055
1-00230-100
1-00277-170
1-00279-100
1-00311-165
1-00312-178
7-00664-720
7-00665-720
7-00668-720
7-00710-709
9-00396-907
9-00544-907
9-00569-907

1-32, #4 SHOULD
6-32X1/4PF
4-40X1/2"PP
4-40X7/8PP
PLTFM-28

40MM 24V

40MM FAN GUARD
#4X5/16"
4-40X5/16"PF
4-40X1-1/4PP
4-40X1-3/16 F/F
SOUND/AUDIO 1PR
HV - UL3239
1/6/8365

RS232 SER DB9
DBOM-DB25F

9 PIN SOLDR CUP
CABLE CLAMP
MS-37

MS-38

MS-41

MYLAR INSULATOR

3/8" RED
#7 PVC CLEAR
#16 TEFLON INS.

Option 01 components

Ref.
Misc
Misc
Misc
Misc
Misc
Misc
Misc
Misc
Misc
Misc
Misc
Misc
Misc
Misc
Misc
Misc
Misc

SRS p/n
0-00089-033

0-00141-032
0-00222-021
0-00225-052
0-00227-052
0-00491-005
0-00521-048
0-00547-002
0-00548-051
0-00549-051
0-00550-031
0-00594-050
0-00595-050
0-00596-050
6-00005-611
6-00182-615
7-00703-720

Value

4"

22-18GA
6-32X1/4PP
17" #22 BLAC
17" #22 RED
#10 SOLDER
3" #18
POWERBLOCK
2.5" BLACK
2.5" WHITE
6-32X1.5"
4-12" #18 B
4-12"#18 O
6-12" #18 B
2A 3AG
MAP55-1024
MS-51

Washer, nylon

Screw, Black, All Types
Screw, Panhead Phillips
Screw, Panhead Phillips
Insulators

Fans, & Hardware
Hardware, Misc.

Spacer

Screw, Black, All Types
Screw, Panhead Phillips
Standoff

Cable, Coax & Misc.
Wire, Other

Connector, Misc.

Cable Assembly, Multiconductor
Connector, Misc.
Connector, D-Sub, Female
Connector Housing, Plug
Fabricated Part
Fabricated Part
Fabricated Part

Lexan Overlay

Shrink Tubing

Shrink Tubing

Shrink Tubing

Description

Tie

Termination

Screw, Panhead Phillips

Wire #22 UL1007

Wire #22 UL1007

Lugs

Wire, #18 UL1015 Strip 3/8 x 3/8 No Ti
Power Entry Hardware

Wire #20 UL1007

Wire #20 UL1007

Standoff

UL1007 Stripped 3/8x3/8 No Ti
UL1007 Stripped 3/8x3/8 No Ti
UL1007 Stripped 3/8x3/8 No Ti
Fuse

Power Supply

Fabricated Part

SRS Residual Gas Analyzer
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