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INETAURNENT &

WARRANTY

Type 186B Equipment

MKS Instruments, Inc. (MKS) warrants that for two years from the date of shipment
the equipment described above (the “equipment”) manufactured by MKS shall be
free from defects in materials and workmanship and will correctly perform all date-
related operations, including without limitation accepting data entry, sequencing,
sorting, comparing, and reporting, regardless of the date the operation is performed
or the date involved in the operation, provided that, if the equipment exchanges
data or is otherwise used with equipment, software, or other products of others,
such products of others themselves correctly perform all date-related operations
and store and transmit dates and date-related data in a format compatible with
MKS equipment. THIS WARRANTY IS MKS' SOLE WARRANTY CONCERNING
DATE-RELATED OPERATIONS.

For the period commencing with the date of shipment of this equipment and ending
two years later, MKS will, at its option, either repair or replace any part which is
defective in materials or workmanship or with respect to the date-related operations
warranty without charge to the purchaser. The foregoing shall constitute the
exclusive and sole remedy of the purchaser for any breach by MKS of this
warranty.

The purchaser, before returning any equipment covered by this warranty, which is
asserted to be defective by the purchaser, shall make specific written arrange-
ments with respect to the responsibility for shipping the equipment and handling
any other incidental charges with the MKS sales representative or distributor from
which the equipment was purchased or, in the case of a direct purchase from MKS,
with the MKS home office in Andover, Massachusetts, USA.

This warranty does not apply to any equipment which has not been installed and
used in accordance with the specifications recommended by MKS for the proper
and normal use of the equipment. MKS shall not be liable under any circumstances
for indirect, special, consequential, or incidental damages in connection with, or
arising out of, the sale, performance, or use of the equipment covered by this
warranty.

MKS recommends that all MKS pressure and flow products be calibrated
periodically (typically every 6 to 12 months) to ensure accurate readings. When a
product is returned to MKS for this periodic re-calibration it is considered normal
preventative maintenance not covered by any warranty.

THIS WARRANTY IS IN LIEU OF ALL OTHER RELEVANT WARRANTIES,
EXPRESSED OR IMPLIED, INCLUDING THE IMPLIED WARRANTY OF
MERCHANTABILITY AND THE IMPLIED WARRANTY OF FITNESS FOR A
PARTICULAR PURPOSE, AND ANY WARRANTY AGAINST INFRINGEMENT OF
ANY PATENT.

11-98 121406-P1




121406-P1
Rev A, 1/99

MKS Type 186B
Process Controller



Copyright © 1999 by MKS Instruments, Inc.

All rights reserved. No part of this work may be reproduced or transmitted in any formor by any
means, electronic or mechanical, including photocopying and recording, or by any information
storage or retrieval system, except as may be expressly permitted in writing by MKS Instruments,
Inc.

Printed in the United Sates of America

Baratront is aregistered trademark and Cluster Gauge™ is a trademark of MK S Instruments, Inc.,
Andover, MA

Convectron® is aregistered trademark of Granville-Phillips Company, Boulder, CO

IBM®, XT®, and AT® are registered trademarks of International Business Machines Corp.,
Armonk, NY

This manud is for firmware version: 1.2x



Table of Contents

Table of Contents

I 1 YA 1 0] 0= 4 o] TS 1
Symbols Used in ThisInstruction Manual..............ccccooeiiiiiiiien e 1
Symbols Found 0N the UNit .........oooiioii e 2
Safety Procedures and PreCaltionsS...........ccueeevicieeeciiieec e stiee e snnvee e e snee e e s 3

SICNErNBITSNINWEISE. ... ettt e e e e eneeeeneeas 5
In dieser Betriebsanleitung vorkommende Symbole.........ccccovcieeei e 5
Am Gerédt angebrachte SymbOole...........cooiiiiiiici e 6
Sicherheitsvorschriften und Vorsichtsmal3nahmen...........ccccveeveiriiceeni e 7

INformations relatives @laSBCUNTE............ooii i 9
Symboles utilisés dans ce manud d'utilisSation ...........ccccceeieeiiie s, 9
Symboles apparaissant SUr ['apPar@il ...........ccceooeiiiiei i 10
Mesures de SECUrité et MISES BN GArde........ueeiiieiiiie e 11

Informacion SObre SEQUIIAA. .........ocuviiiiie e snee e e 13
Simbolos usados en e manua de iNSFUCCIONES...........covieiieeieeiie e 13
Simbolos que aparecen en launidad..............ccooveeiiiiiiiei i 14
Procedimientos y precauciones de seguridad...........ocoeevieeeiee e 15

Chapter One: General INfOrMELION..........cuiiiiie et ree e e e eree e s re e e saneas 17
gL [N o1 o o IS 17
How ThisManual isOrganized............ccocveiiiiiiiiei i 18

Manual CONVENTIONS .......coiuieiieiiieriie e sra e sreeens 19
O (0] g7 g o] oo o APPSR 19
Chapter TWO: INSAlAtiON ......c.eeiciee et e e sae e e e ree e enee 21
How To Unpack the TYpe 186 UNit ........cceeiiiiiiiii e 21
UNPacking ChECKIISE ........veeiiiee e 21
PlUG-IN BOAIS......ccccviieciee ettt ettt et e e nne s 22
Product Location and REQUITEMENLS...........ccoiueieiieiiiie et 24
Environmental REQUITEMENES..........cceiiiiie i 24
1Yo 01 (1 o RS 24
Safety CONAILIONS.......cceeeiiiieiiee e et e e sare e 24



Table of Contents

SYSLEM REQUITEIMENTS ...ttt st sate e e ne e e snee e e snneeeeeeen 25
Pressure Transducer SEECtiON .........cc.ovviiieiieecee e 25

VaVE SEIECHION ... 25

Mass Flow Controller SElection.............occeeeiiiiii e 25
DIMENSIONS......eeeitieiiie et stee et stee e e e e steesneeanteesseeaseeanseesseeaseeanseenseeaneeenseenseennenanes 26
1S L0 o TSRS 27
(€7 1 - TSR 27
Transducer and Mass Flow Controller Connections..........cccoceeveeeceeeieeneene 28
Communication and POWer CONNECLIONS .......c.ceiueriieerieeneesieeieesiee e seeeneeas 28
Installing Boardsinthe 186 UNit...........ccccocveeiiiee i 29
= o PR 31
Communicating with the 186 Unit...........ccccccoeiiiiiiiiiec e 32
Chapter THIreE: OVEIVIEW. ....c..uei ettt ettt e et e e e be e e s abe e e sae e e snteeesareeereeas 33
General INFOMMELION. .......coiiiiie e e e nreennee s 33
THE FrONt Panel .........c.ooiiiiieiiee et neas 33
STAUS LED ...t 34

= PSS 35
INtErface COMNECION ........eiieiieieie ettt 35
INSIdEthe TYPE 186 UNIL......cccviee ettt neas 37
Capacitance Manometer BOard............cccocveevieiiiie e i 38

Dual Pirani/Convection BOArd............c.cceiueeiienieniiieieesiee s esiee e 40

HoOt Cathode BOard...........cooueeiieiiiieiie et 44

Cold CathOde BOard..........cocveiiiiiieniie it 48

Mass Flow Controller BOArd ..........ccccovuerieinin e 49

[O00 910 I =70 7= (o ISP URTR 51
Auxiliary OULPUL BOAId..........cooiuiieiiie e 56
Auxiliary Output Board - Fail-Safe Feature...........ccovvvevevee s 57

REAI PANEL ... e 58
RS-232 CONNECLON .......eeiiiiiiiiiie ettt 58

POWEN CONMNECLOL ......oeiiiiieee ittt ettt snn e e 59

lon Gauge ProteCtion FEALUIES ........ccccuvieiiee e 60
Chapter FOUI: OPEIaION. ......eiiiiiiieieesiee ettt sttt sttt sb e an e b e e be e e e eneennes 61



Table of Contents

General INFOIMELTON. ........eie it e e nneee s 61
RS-232 CommUuNiCation ParamELErS..........cueviiiiiiiiee e e 61
How To Establish RS-232 COmMMUNICALIONS ..........cooiuiiiiieeeiiee e 62
Channel NUMDEITNG . ...ccoouiee e eneeeeneeas 62
(S Y ¥ o] (o S 63
MESSAGE SYNEAX....cei it e et e e e e e e e e e e e e e ennnb e e e e e e e e an 63
Format of Messages Sent By the Host COMPULES.........ccceevveevcieeeciee e, 64
RS-232 Response Messages Sent By the 186 Unit..........ccccooeeevieevieee e, 65
EFTON IMIESSAgES ....eteeeeiee e ettt et e e e e e e s e e e e e e s s s a bt e e e e e e e s snanabeneeeeeeeeennnnnees 66
E111: Unrecognized COmMmMaNd..........ccoueeiirieeiiieeeiieeciee e estre e s 66
E112: Inappropriate CoMMAaNd..........ccocueeiiiieeiiee et 66
E122: Invalid DataField ........ccooiviiiiiieceeee e 66
(€T 1] g0 S = 11 =0 RS 67
How To Veify Instrument Configuration...........cccccceeevieeeciiee e 67
How To Turn On Power to aChannel............ccooeviiiiiieninne e 67
PoOWEr CONLrol MESSAES.......cciviiiiiie e ittt et stee st s e sre e s te e e s te e e sree e sareeesnneesanes 68
ChannEl POWEY .........coiiiiiieiie sttt nneas 69
lon Gauge Auto POWeEr CONtIOl ..........ccoveiiiiee et 70
How To Perform aHot Cathode Degas Procedure............cccoeeevveevcieeccveeenen. 71
Sensor Configuration MESSAES ........ueeiiuiee ittt e e eareeenee s 73
Capacitance Manometer Configuration MeSSages.........cccvevvveeeviieeeieeesveeennns 76
Pirani and Convection Gauge Configuration MeSsages.........cocvvvevveeicveeenen. 77
Hot Cathode Configuration MeSSagES..........cceevieiiiiec v 78
Cold Cathode Configuration MESSAgES.........ccuvvviieeiiieee i 81
Mass Flow Controller Configuration MeSSageS .........ccevveevieeeiieeiieeesvee e 83
Alarm AsSIgNMENt MESSAJES.......ccccveeeiieeiiieectee e sie e et et e e srae e e e srbe e e snaee s 84
Calibration MESSAGES. ......ueeiiuieeiiee e ceiee et e sttt se e e stte e st e e et e e st e e e rae e e sreeesabeesanseeenees 85
HOW TO ZEI0 @ SENSON......eeiieiieitiee sttt sttt 86
How To Turn the Zero On/Off........ccuveiiiiieeieere e 88
How To Span a Pirani-Type Sensor to Atmosphere..........occvevceeevcve e e, 89
How To Span a Sensor with aReference...........covvveieiiiiiicieee 20
How To Turn the Span On/OfT ..........coiiiiiiiiieeeeee e 91
How To Turn Auto Zeroing ON/OFf........coveiiieiieiieciceree e 92



Table of Contents

ANAOG OULPUL MESSAOES ....eeiuveeeieieeeitieeetee et e e stee et eesete e et e e st e e seteeenneeesnneeesnteeennees 93
LiNEAN SCAIING ..o et e nnee e 93
LogarithmiC SCaliNG .....cccoveeeiieieiee e 93
SELPOINT ... et 93
How To Configure the Analog OULPUL...........c.coeiieeiiieeeciee e e 94

ALGIM MESSAGES ....vee ettt ettt e e st e e et e e sabe e e sabe e e bee e sabe e e sabeeenneas 95
OVENVIEW OF ALGIMS ... .eiiiiieiie et 95
F Y g 070 0 11 1o o SRR T 96
L NS = (= E= TSR 96
Example: How To Configure An Alarm to Trip LOW.......ccoveeeieeeccieeccieeee 97
How To Configure an Alarm .........coooveiiiii e e 99

Mass Flow Controller (MFC) Specific MESSAgES .....cccuveeiieieiie ettt 101
Set Point Mode Of OpeEration..........ccocveeiiiie e 101
Totaing Mode of OPEralion .........ccoeeiiie it 101
Ratio Flow Control Mode of Operation............cccceeeceeeiieecciee e 101
How To Usethe Set POIiNt MOE ..........coviiiieiiiiiieee e 103
How To Usethe Totaling MOGE .........ccoceveiiie e 104
How To Usethe Ratio Flow Control Mode...........cceveeiieiiiiiienieniesie e 105
MFC Override COMMEANAS ........oocueeriierieiiie ettt eeens 105

MiSCElANEOUS MESSAGES.......cciiiieiiiee ettt e e et e e tae e e re e e sare e e eneeeenns 106
How To Set the Pressure UNItS..........c.oooveiieiieniienie e 106
How To Set the Leak Rate Pefiod...........oocveiieiiiiiiiiie e 107
How To Select the Response FOrmat ...........ccceeveeiiieeciee e 107

REA0 ONIY MESSBOES.......eeeiuieeiitiee e ettt se e e s e e s be e e sate e s aae e sbeeesnaeeenneeeans 108
How To Report the Channel Reading .........cccceeveiiiiee e, 110
How To Report the Channel Reading with Time Stamp.........ccccoeveveevieeennen. 110
How To Check the Sensor Parameters (Voltage, lon Current, and
EMISSION CUMENL) ..eovieeciee ettt e et e e saae e enneas 110
How To Query the Pressure Leak Rate.........c.ceeceeeicieiecee e 110
How To Check the Channel StAIUS ...........ccoeivieriiiiiniiesiee e 111
How To Check the Power Up SEatUS.........cccccveeiieiiiiee e 112
How To Check the Alarm SaLUS ........coooveeiiiee e 113

DiagNOStIC IMESSAES. .....ccveeiieeetie sttt ettt ettt sb e st be e s enne e 114

Vi



Table of Contents

How To Check the Software VErSioN..........cccceeveriiiee i 115

How To Identify the Type of Boards Installed............cocooviiieniiniiieieeee, 115

Chapter Five: Sensor Board Command SUMMBIY ........ccoceeeiieeeiieerieeeseeesseeeeseeeeeseeeeseeeseeens 117
General INFOIMELTON. ........eieiiiie e e e sneee s 117
Capacitance ManOmeEter MESSAgES. .....cccueeeieeeeiieeerieeerteeeeiee e e e seeeesee e e seeeesneeeenneens 118
Pirani/Convection MESSAJES .....ccceiiiieieiiieee e citiee e e s see e e s ste e e s st e e e s saee e e s snre e e s snneeeeas 120

Cold CathOde MESSAQES.......c.veiiitiee ettt ettt et be e s abe e e eare e sbe e e sabe e e erae e 122

HOt CathOde MESSAQES. .......vve ettt ettt e e re e e sabe e snre e 124

Mass FIOW Controller MESSAgES .......ooiiiiiiiee ettt eaee e 126
AUXilTary OULPUL MESSAQES.......ceeiiieicitieiitee ettt e esteeesiteeste e e ste e e stee e sabe e e snaeesare e e snreeenreas 128
Chapter Six: Operation of the Control BOard............cccceceeeiiieiiiecciee et 129
System DEeSigN EIEMENLS.........ooiiiiiieccee et 129
General Control TREOMY ......ueiiiiee et 129

Pressure CONLIOL .........ueiiieiie et neas 132

Process Control MESSAGES. .......cuueeiiiiie ittt e re e e sree e sbe e e snre e eneeeens 133
Board-Specific Control MESSAES.......ccciveiiiiie ettt 134
ReCipe-SPeCIfiC ParameEtErS.......ccuve it 139

Chapter SEVEN: MaINTENGNCE ......c.vvieiiiee it ciee e te e stee st e s tee e ste e e stee e s steeesateeenseeesnteeesareesreeas 141
General INFOMMELION. .......coiiiiiee e nbeenaee s 141

How To Clean the Fan Filter ..o e 141

HOW TO ReEPIACETNE FUSES.........ooiiec e 142
Appendix A: Product SPECITiCaIONS.........cc.eiiiiiie i 145
TYPE L86 UNIL...cciiiiiiie et e e s e e sare e e snre e eneas 145
Appendix B: Model Code EXPlanation ............cceeiceeiiiieiiie e siiee e cee s stee st e estee e svee e snee e 147
1Y Toe (= I 0o L= RSP TSRRIN 147
Appendix C: Pressure Range for SUPPOred SENSOIS.........cvvvvieririieeiee e 149
General INFOMMELION. .......coiiiiiie et nre e naee s 149
Appendix D: Power SUPPlY REQUIFEMENTS.........ccoiiiiiiee ettt 151
Power SUPPlY SPECITiCaLIONS.........cueiiiiee e 151

Power Required by the Plug-In Boards ...........cccoocvveiiie e 152

Vii



Table of Contents

Appendix E: RS-232 MESSA0E SUMMIBIY .....ccccueieiieeeieieeeitieesieeeseieesnteeesnteessaeeesnseeesneeessneeeanes 153
COMMANG MESSAgES ...ccoeieeeieee et ettt e e e et e e st e e snte e e saeeesnee e e snteeeaneeeeneens 153
Calibration MESSAOES ......ocuviieieiieeiee e ree et e e st e e e ne e e ste e e sneeeenneeeens 153

Sensor Configuration MESSAES.......cccueieiieeeiee e eee e e e e naeee e 154

Power Control MESSAgES .........eieiieeiciiee ettt e e et 156

ANAlOg OULPUL MESSAES. ... ..eiiitieeiiie ettt et ete et e e srbe e stae e e ae e srbe e e sane e 156

Mass Flow Controller-Specific MESSAgES.......ccoiveevieeeiee e 157

AlGIM M ESSAGES....cotie ettt et e e s be e st e e sae e e sabe e e aree e 157

MisCEllaNEOUS MESSAGES. .......uveeiiie ettt et e 158

ReECIPE SPECITIC MESSAES.......vvieieiee ettt e 158

Board Specific Control MESSAgES........ccoveeiiiee ettt 159

REAA ONIY MESSBOES.......eoeitieiiiiee ettt ettt et st e e s be e e s ate e s be e e sabe e e sneeeenneeeans 160

REAA ONIY MESSAgES .....ccuvieeiiiei ettt st eree e e 160

DiagnOStiC MESSAgES .....c.uveiiitiee ettt et e et e s te e e sare e e neas 162

0 PR OPIRTR 163

viii



List of Figures

List of Figures

Figure 1: Rear Pand of the TYPe 186 UNIL........c.ooiiiiiiiiieiiee e s 23
Figure 2: PlUg-IN BOAIAS ........coiiiieeiee ettt et e et st e e eneeesneeesnnee s 23
Figure 3: Front Panel DIMENSIONS .........c.ciiiiiiiiee et e eiee e e seeeeseeeesee e s seeeesneeeeseaeeenaeeeas 26
Figure 4: Side Panel DIMENSIONS..........cooiiiiieie i iie e e s stiee e s stiee e e s sanee e e s saraeeessneeeessnnneeeeans 26
Figure5: Top Panel DIMENSIONS.........ccociiiiiieiiii et ste et eeetee e sabe e stae e s nbee e sate e s staeesnreeens 27
Figure 6: Fastening SCraw POSITIONS..........coiuiiiiiii ettt aee e 30
Figure 7: The Front Pan@l ...ttt st e et nee e 33
Figure 8: Pirani/Convection Board CONNECLOS...........ccueeiiieeeiieeiiieesieeesteeesiteeesite e staeesnee s 42
Figure 9: Jumper Placement on a Pirani/Convection Board............c.ccccoeevieeeiiec e siee e, 42
Figure 10: Jumper Placement on aHot Cathode Board .............cccooveeiiieiieeiiie e 47
Figure 11: Jumper Placement on a Control BOard............cccoveeiiiiiiiee i 53
Figure 12; ZerOiNG @SENSON .....ccuveiiiuieeiiteeeiieeeitree st e e ste e e stteeesteeesbeeesaseessneeesseeesnreessnreessenas 86
Figure 13: Spanning aPirani-TYPe SENSON.......ccuiiiiiiiiiee ettt s srae e eaee e 89
Figure 14: Spanning a Sensor With a REFErENCE.........ooovviiiiii i 20
Figure 15; VOltage VErSUS PIrESSUIE..........ociiiiecciie ettt ettt tee st et e e sate s s ntae e snneeens 93
Figure 16: Linear and Logarithmic: Voltage VErsUS PreSSUre ........c.eeevveeevieeciieeccieeesinee s 93
Figure 17: Relay B During an Alarm Condition, when configured as a Deactuated Relay ...... 95
Figure 18: Relay B During an Alarm Condition, when configured as an Actuated Relay ....... 95
Figure 19: Examples of NOISEIN @ SYStEM .....ccceiiiiiiiiiic ettt 97
Figure 20: LOCation Of tNE FUSES ........cciiiiiiii ettt sttt sate e ntae e eaee e 143



List of Figures




List of Tables

List of Tables

Table 1. Definition of Symbols Found onthe Unit ..o 2
Tabelle 2: Definitionen der am Gerét angebrachten Symbole............ccooooviiiiiiiiiiee, 6
Tableau 3: Définition des symboles apparaissant sur I'appareil ..........ccocceeeeeneevienieesee e 10
Tabla4: Definicidn delos simbolos que aparecen en launidad............ccccoeeveiieieciecnie s 14
Table5: Cablefor the Interface CONNECLON...........covviiiierie e 35
Table 6: Interface CONNECLOr PINOUL ..........cooiiiiiieiie e 36
Table 7: Capacitance Manometer Board Connector PINOUL ............cccueeviieeeiieeeiieeciee e e 38
Table 8: MKS Capacitance Manometers Supported by the 186 Instrument ............cccceeeveeeiineenne. 39
Table 9: Pirani/Convection Board ConNECLOr PINOUL...........cccuevieiieenie e 40
Table 10: Pirani Sensors and Calles. ........ccuviiiriiiiiie e 41
Table 11: Hot Cathode Coaxial CONNECLOr PINOUL.........cccuiiiiiiieiie e 44
Table 12: Hot Cathode Sensors and Cabl€s...........oocveeiiiiiieiie e 44
Table 13: Hot Cathode Board COnNECLOr PINOUL ..........covuieriiriieiieesiee e 45
Table 14: Cold Cathode I/O CONNECLOIS........cceiiiieiiie it e ettt s 48
Table 15: Cold Cathode Sensors and Cables..........ccveieriiieiin i 48
Table 16: Mass Flow Controller Board Connector PINOUL.............ccoeveriienieenie e 49
Table 17: Mass Flow Controllers and Cables.........ccuoieiieeiiiiieneere e 50
Table 18: Vave Output (Upper) CoNNECLOr PINOUL .........cceoiiuiiiiiei e 51
Table 19: Jumpers on the Control BOArd............cocueeeiiie e 52
Table 20: Control Interface (Lower) CONNECLor PiNOUL ..............ccueeiiiieeiiie e 54
Table 21: Control Valves and Cables.........c.ooiiiiiiiiieiiie e 55
Table 22: Power Supply/Readouts and CabIes............cccocveeiiiiiiiee e 55
Table 23: Auxiliary Output (Top) ConNECLOr PINOUL ...........cccceeiieeiiiee e 56
Table 24: Aukxiliary Output (Bottom) Connector PiNOUL..............ccceoiieeiieeesiee e 56
Table 25: RS-232 CONNECION PINOUL ........ooiuieiiieiiieiiie sttt s 58
LI o L R G Y O o =SSO 58
Table 27: Power CONNECLOr PINOUL ..........ooiuiiiiiiiieiie et 59
Table 28: Description of the Power Connector Y-Cable........cccooceviiieiiiiei v 59
Table 29: RS-232 CommuUuNiCation ParamELErS...........oiviiiieriieiie e s 61
Table 30: RS-232 Command Message FOrMEL...........ccceviieeiiiee e 64

Xi



List of Tables

Table 31:
Table 32:
Table 33:
Table 34:
Table 35:
Table 36:
Table 37:
Table 38:
Table 39:
Table 40:
Table 41:
Table 42:
Table 43:
Table 44:
Table 45:
Table 46:
Table 47:
Table 48:
Table 49:
Table 50:
Table 51:
Table 52:
Table 53:
Table 54:
Table 55:
Table 56:
Table 57:
Table 58:
Table 59:
Table 60:
Table 61:
Table 62:
Table 63:

Error COOE SUMMIBIY .....ooieiie e ieiee ettt st see e e e e snte e e seeeesnneeesneeeenneeeanneas 66
POWEr CONLIOl MESSAES. .....couveieieiee ettt ettt e e et e e et e e snee e e sneeeanneas 68
Sensor Configuration ParameterS...........coovueeeiiee et 73
Sensor Configuralion MESSAgES .........ceeiiuieiei i estir e e s se e e s stre e e e s raree e e s srree e e s sraeeeeens 74
Sensor Calibration ParamELErS .........oocueeiieiieeeesee et sre e eneas 85
Calibration MESSAGES.......ccouiiiitiie ittt e ettt et e et et e b e e st e e e sba e e sbe e e sabeeesteeesnreeeanes 85
RaNQES fOr ZErOiNg @ SENSON .....ccocuuee ettt ettt st ste e e abe e s sbae e snreas 87
ANAOG OULPUL MESSAGES ....cvvee i e et sttt e etee e st e e ette e s stee e s beeestaeesbeeesnteessseeesnteeesnseaans 94
Default Settings of the Trip Point AlarMS........coooviiiiii e 96
ALGIM M ESSAGES ...eei ettt ettt e s e st ee e st e e e s ate e e e bee e steeesateeeabaeeareeeanreaeas 98
Mass Flow Controller Specific MESSAgES.........veiiviie i 103
MiSCElANEOUS MESSAGES. ... .cccvvieitee et ettt ctee st e et ee e st e s tee e e tee e ste e e sareesbeeesnreeenes 106
REAA ONIY MESSAOES......ccoviie ittt ettt s e e sttt e e srte e e stae e sreeeenes 108
Response to aPower Up StatUS MESSAJE ........c.cvvviiiiiie e iiiiieeeee e sireee e 112
DiagnNOStiC IMESSAgES......cccviieiiieieitie ettt e rte e st e e s be e et e e e te e e sabe e e saee e sbeeesabeeesneeeenns 114
Capacitance ManOmMELEr MESSAES.......uuieiveeeiieeeieeesteeeeteeesteeeste e e ssreesreeesnreeenaneeeas 118
Pirani/Convection MESSAZES .........cueiiiuiieiieieciee ettt ertee e st e e se e et e e s e e snae e e snaeesnaeeaas 120
Cold CathOde MESSAQES.......eeiicvie ittt et e e ree e sbe e e sare e e enae e 122
HOt CathOde MESSAQES........eiiiiiie ittt s ene e e 124
Mass Flow Controller MESSAgES .......ccuveieciiee ettt 126
AUXiliary OULPUL MESSAQES.......ccciieiiieeiiieesiee e ctee e see e ste e e ste e ste e e snte e e saee e snbe e e snaeeenneas 128
Board-Specific CoNtrol MESSAGES .....cvveeiieieiiee ettt et et re e 134
CONIOl MOOES......ceiutieiie sttt sttt et e e nb e sae e te e beesane s 135
RECIPE-SPECITIC MESSAYES. ....c.uveie e ettt et e e sre e e snreesnaeeans 139
REPIBCEMENT FUSES ..ottt e e re e e snee e 142
MOOEL COUB.....ceeiieieiie ettt ettt nb et e b 147
Letter Designation for the PIug-IN BOards............ccceeeveeeciieicee st 147
Special Instructions for Positioning Plug-1n Boards...........cccccvevcieiiee e 148
Pressure Range for SUPPOrted SENSOIS........cccueeiieeeiiee e st s sre e sree e 149
Specifications for the POWEr SUPPIY .......oeiiuieeiiiie e 151
Individual Board POWer CONSUMPLION ........coviiiieiiieiiieieeniee s 152
Calibration MeSSage SUMMBIY ........ooouieiiieiieeiieniee ettt sneens 153
Sensor Configuration MeSSage SUMIMAIY ..........eoieeiireiieerieesreeieesiee e e seee e 154

Xii



List of Tables

Table 64:
Table 65:
Table 66:
Table 67:
Table 68:
Table 69:
Table 70:
Table 71:
Table 72:

Power Control MeSSage SUMMIBIY ........coiueieiieeeiee e e esieeeeie e seeee s eesnee e sneee e 156
Analog Output MESSAgE SUMIMEIY ......coiuveeiiieeiiieeeiieeesteeeseeeeseeeesneeeeseeeenseeesneeeesneeas 156
Mass Flow Controller-Specific Message SUMMArY .........cccoevceeeieeeeniee e e 157
Alarm MESSAgE SUMIMEY ....eeeeiiiieeeeictiee e e siiee e e s ster e e s steeeessnsreeeessstereessnseeeesssnesessnsens 157
Miscellaneous MESSAgE SUMIMAIY .........cocuieiiiieeiieeesieeeteeesteeestreessteeessreeesrseesreeeenns 158
Recipe-Specific MESSage SUMMAY ......ccoveiiiiie it ete ettt e e s eree e 158
Board Specific Control MesSsage SUMMEIY ........cceeeiieeiiieeiiieeeeieecieeeseeesreeesnee s 159
Read-Only MESSAgE SUMIMAIY .......eeeiieieiieieciieeeteeeete e stte e et e srbe e e sare e sbee e sabe e e sneeeenns 160
DiagnosticC MESSA0E SUMMIBIY ......ccoiuveeiiiieeiieeeitieeeteeeste e e steeesre e e srbe e e sreeesnreeesareeeneas 162

Xiii



List of Tables

Xiv



Safety Information Symbols Used in This Instruction Manual

Safety Information

Symbols Used in This Instruction Manual

Definitions of WARNING, CAUTION, and NOTE messages used throughout the manual.

procedure, practice, condition, or the like, which, if not
correctly performed or adhered to, could result in injury to
personnel.

Warning 'ﬂ‘ The WARNING sign denotes a hazard. It calls attention to a

Caution w The CAUTION sign denotes a hazard. It calls attention to an
operating procedure, practice, or thelike, which, if not correctly
performed or adhered to, could result in damageto or destruction of
all or part of the product.

Note o  The NOTE sign denotes important information. It calls attention to a
]
. procedure, practice, condition, or the like, which is essentia to highlight.
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Safety Information

Symbols Found on the Unit

The following table describes symbols that may be found on the unit.

Definition of Symbols Found on the Unit

On (Supply)
IEC 417, No.5007

O

Off (Supply)
IEC 417, No.5008

1l

Earth (ground)
IEC 417, No.5017

D

Protective earth
(ground)
IEC 417, No.5019

+

Frame or chassis
IEC 417, No.5020

v

Equipotentiality
IEC 417, No.5021

Direct current
IEC 417, No.5031

o

Alternating current
IEC 417, No.5032

~~

Both direct and
alternating current
IEC 417, N0.5033-a

=]

Class Il equipment
IEC 417, No.5172-a

3™~

Three phase
alternating current
IEC 617-2 No0.020206

Caution, refer to
accompanying
documents
ISO 3864, No.B.3.1

Caution, risk of
electric shock
ISO 3864, No.B.3.6

Caution, hot surface
IEC 417, No.5041

Table 1. Definition of Symbols Found on the Unit




Safety Information Safety Procedures and Precautions

Safety Procedures and Precautions

Thefollowing general safety precautions must be observed during all phases of operation of this
instrument. Failureto comply with these precautions or with specific warnings elsewherein this
manual violates safety standards of intended use of theinstrument and may impair the protection
provided by the equipment. MK S Instruments, Inc. assumes no liability for the customer’s
failureto comply with these requirements.

DO NOT SUBSTITUTE PARTSOR MODIFY INSTRUMENT

Do not install substitute parts or perform any unauthorized modification to the instrument. Return
the instrument to an MKS Calibration and Service Center for service and repair to ensure that all
safety features are maintained.

SERVICE BY QUALIFIED PERSONNEL ONLY

Operating personnel must not remove instrument covers. Component replacement and internal
adjustments must be made by qualified service personnel only.

GROUNDING THE PRODUCT

This product is grounded through the grounding conductor of the power cord. To avoid electrical
shock, plug the power cord into a properly wired receptacle before connecting it to the product
input or output terminals. A protective ground connection by way of the grounding conductor in
the power cord is essential for safe operation.

DANGER ARISING FROM LOSS OF GROUND

Upon loss of the protective-ground connection, all accessible conductive parts (including knobs
and controls that may appear to be insulating) can render an e ectrical shock.

GROUND AND USE PROPER ELECTRICAL FITTINGS

Dangerous voltages are contained within thisinstrument. All electrical fittings and cables must be
of the type specified, and in good condition. All eectrical fittings must be properly connected and
grounded.

USE THE PROPER POWER CORD

Use only apower cord that isin good condition and which meets the input power requirements
specified in the manual.

Use only a detachable cord set with conductors that have a cross-sectional area equal to or grester
than 0.75 mm2. The power cable should be approved by a qualified agency such as VDE, Semko,
or SEV.



Safety Procedures and Precautions Safety Information

USE THE PROPER POWER SOURCE

This product is intended to operate from a power source that does not apply more voltage between
the supply conductors, or between either of the supply conductors and ground, than that specified
in the manual.

USE THE PROPER FUSE

Use only afuse of the correct type, voltage rating, and current rating, as specified for your product.

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

To avoid explosion, do not operate this product in an explosive environment unless it has been
specifically certified for such operation.

HIGH VOLTAGE DANGER

High voltage is present in the cable, and in the sensor when the controller is turned on.
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Sicherheitshinweise

In dieser Betriebsanleitung vorkommende Symbole

Definition der mit WARNUNG!, VORSICHT! und HINWEIS Uberschriebenen Abschnittein
dieser Betriebsanleitung.

macht auf einen Arbeitsablauf, eine Arbeitsweise, einen
Zustand oder eine sonstige Gegebenheit aufmerksam, deren
unsachgemafRe Ausfithrung bzw. ungeniigende
Beriicksichtigung zu Korperverletzung fithren kann.

Warnung! 'ﬂ‘ Das Symbol WARNUNG! weist auf eine Gefahrenquelle hin. Es

Vorsicht! w Das Symbol VORSICHT! weist auf eine Gefahrenquelle hin. Es
macht auf einen Bedienungsablauf, eine Arbeitsweise oder eine
sonstige Gegebenheit aufmerksam, deren unsachgemafe Ausfiihrung
bzw. Ungenligende Berlicksichtigung zu einer Beschadigung oder
Zerstorung des Produkts oder von Teilen des Produkts fihren kann.

Hinweis ".I Das Symbol HINWEIS weist auf eine wichtige Mitteilung hin, die auf
. einen Arbeitsablauf, eine Arbeitsweise, eéinen Zustand oder eine sonstige
Gegebenheit von besonderer Wichtigkeit aufmerksam macht.
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Sicherheitshinweise

Am Geréat angebrachte Symbole

Der untenstehenden Tabelle sind die Bedeutungen der Symbole zu entnehmen, die an dem Gerét

angebracht sind.
Definitionen der am Gerat angebrachten Symbole
Ein (Netz) Aus (Netz) Erde Schutzleiter

IEC 417, Nr. 5007

IEC 417, Nr. 5008

IEC 417, Nr. 5017

IEC 417, Nr. 5019

+

Rahmen oder Chassis
IEC 417, Nr. 5020

v

Aquipotentialanschluf
IEC 417, Nr. 5021

Gleichstrom
IEC 417, Nr. 5031

o

Wechselstrom
IEC 417, Nr. 5032

~~

Wechselstrom und
Gleichstrom
IEC 417, Nr. 5033-a

=]

Gerateklasse Il
IEC 417, Nr. 5172-a

3™~

Drehstrom
IEC 617-2 Nr. 020206

Vorsicht! Bitte
Begleitdokumente
lesen!

ISO 3864, Nr. B.3.1

Vorsicht!
Stromschlaggefahr!
ISO 3864, Nr. B.3.6

Vorsicht!
HeilRe Flache!
IEC 417, Nr. 5041

Tabelle 2: Definitionen der am Gerét angebrachten Symbole
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Sicherheitsvorschriften und VorsichtsmalRnahmen

Die untenstehenden allgemeinen Sicherheitsvorschriften sind bei allen Betriebs-phasen
dieses I nstruments zu befolgen. Jede MifRachtung dieser Sicherheits-vor schriften oder
sonstiger spezifischer Warnhinweisein dieser Betriebsanleitung stellt eine Zuwiderhandlung
der fur dieses Instrument geltenden Sicherheits-standards dar und kann die an diesem

I nstrument vor gesehenen Schutzvor-richtungen unwirksam machen. MK S Instruments, Inc.
haftet nicht fir eine Mif3achtung dieser Sicherheitsvorschriften seitens des Kunden.

Keine Teile austauschen und keine Ver&nderungen vornehmen!

Bauen Siein das Instrument keine Ersatzteile ein, und nehmen Sie keine eigenméchtigen
Anderungen am Gerét vor! Schicken Sie das Instrument zu Wartungs- und Reparatur-zwecken an
einen MKS-Kalibrierungs- und -Kundendienst ein! Dadurch wird sicher-gestellt, da3 alle
Sicherheitseinrichtungen voll funktionsfahig bleiben.

Wartung nur durch qualifizierte Fachleutel

Das Gehause des Instruments darf vom Bedienpersonal nicht gedffnet werden. Das Auswechseln
von Bauteilen und das V ornehmen von internen Einstellungen ist nur von qualifizierten Fachleuten
durchzufihren.

Produkt erden!

Dieses Produkt ist mit einer Erdleitung und einem Schutzkontakt am Netzstecker versehen. Um
der Gefahr eines el ektrischen Schlages vorzubeugen, ist das Netzkabel an einer vorschriftsmaidig
geerdeten Schutzkontaktsteckdose anzuschlief3en, bevor es an den Eingangs- bzw.
Ausgangsklemmen des Produkts angeschlossen wird. Das Instrument kann nur sicher betrieben
werden, wenn es Uber den Erdleiter des Netzkabels und einen Schutzkontakt geerdet wird.

Gefahrdung durch Verlust der Schutzerdung!

Geht die Verbindung zum Schutzleiter verloren, besteht an samtlichen zuganglichen Teilen aus
stromleitendem Material die Gefahr eines elektrischen Schlages. Dies gilt auch fir Kndpfe und
andere Bedienelemente, die dem Anschein nach isoliert sind.



Sicherheitsvorschriften und Vorsichtsmal3hahmen Sicherheitshinweise

Erdung und Verwendung geeigneter eektrischer Armaturen!

In diesem Instrument liegen gefahrliche Spannungen an. Alle verwendeten el ektrischen Armaturen
und Kabel miissen dem angegebenen Typ entsprechen und sich in einwand-freiem Zustand
befinden. Alle elektrischen Armaturen sind vorschriftsmaldig anzubringen und zu erden.

Richtiges Netzkabel verwenden!

Das verwendete Netzkabel mul? sich in e nwandfreiem Zustand befinden und den in der
Betriebsanleitung enthaltenen AnschlulRwerten entsprechen.

Das Netzkabel mufl? abnehmbar sein. Der Querschnitt der einzelnen Leiter darf nicht weniger als
0,75 mm’ betragen. Das Netzkabel sollte einen Priifvermerk einer zustandigen Priifstelle tragen,
z.B. VDE, Semko oder SEV.

Richtige Stromquelle verwenden!

Dieses Produkt ist fir eine Stromquelle vorgesehen, bei der die zwischen den Leitern bzw.
zwischen jedem der Leiter und dem Masseleiter anliegende Spannung den in dieser
Betriebsanleitung angegebenen Wert nicht tberschreitet.

Richtige Sicherung benutzen!

Esist eine Sicherung zu verwenden, deren Typ, Nennspannung und Nennstromstérke den Angaben
fur dieses Produkt entsprechen.

Gerét nicht in explosiver Atmosphare benutzen!

Um der Gefahr einer Explosion vorzubeugen, darf dieses Gerét nicht in der Nahe explosiver Stoffe
eingesetzt werden, sofern es nicht ausdriicklich fir diesen Zweck zertifiziert worden ist.

Hochspannungsgefahr!
Bel eingeschaltetem Steuerteil liegt im Kabel und im Sensor Hochspannung an.



Informations relatives a la sécurité
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Informations relatives a la sécurité

Symboles utilisés dans ce manuel d'utilisation

Définition des indications AVERTISSEMENT, ATTENTION et REMARQUE utilisées dans ce

manud!.

Avertissement ' ﬂ ‘

Attention w

Remarque

"

L'indication AVERTISSENMIENT signale un danger potentiel. Elle est
destinée a attirer I'attention sur une procédure, une utilisation, une
situation ou toute autre chose présentant un risque de blessure en
cas d'exécution incorrecte ou de non-respect des consignes.

L'indication ATTENTION signaleun danger potentid. Elle est destinée
aattirer |'attention sur une procédure, une utilisation, une situation ou
toute autre chose présentant un risque d'endommagement ou de dégat
d'unepartieou delatotalité del'apparel en casd'exécution incorrecte
ou de non-respect des consignes.

L'indication REMARQUE signale desinformations importantes. Elle et
destinée a attirer |'attention sur une procédure, une utilisation, une situation ou
toute autre chose présentant un intérét particulier.
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Informations relatives a la sécurité

Symboles apparaissant sur |'appareil

Le tableau suivant décrit les symboles gpparai ssant sur I'appareil.

Définition des symboles apparaissant sur |'appareil

Marche (sous tension)
IEC 417, No. 5007

O

Arrét (hors tension)
IEC 417, No. 5008

1l

Terre (masse)
IEC 417, No. 5017

D

Terre de protection
(masse)
IEC 417, No. 5019

+

Masse
IEC 417, No. 5020

v

Equipotentialité
IEC 417, No. 5021

Courant continu
IEC 417, No. 5031

o

Courant alternatif
IEC 417, No. 5032

~~

Courant continu et
alternatif
IEC 417, No. 5033-a

=]

Matériel de classe Il
IEC 417, No. 5172-a

3™~

Courant alternatif
triphasé
IEC 617-2 No. 020206

Attention : se reporter
a la documentation
ISO 3864, No. B.3.1

Attention : risque de
secousse électrique
ISO 3864, No. B.3.6

Attention : surface
brllante
IEC 417, No. 5041

Tableau 3: Définition des symboles apparaissant sur |'appareil
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Mesures de sécurité et mises en garde

Prendretoutes les précautions générales suivantes pendant toutes les phases d' utilisation de cet
appareil. Lenon-respect de ces précautions ou des avertissements contenus dans ce manue
entraine uneviolation desnormes de Scuritéreativesal'utilisation del'appareil et lerisquede
réduireleniveau de protection fourni par I'appareil. MK S Instruments, Inc. neprend aucune
responsabilité pour les conséquences de tout non-respect des consignesdela part desesclients.

NE PAS SUBSTITUER DES PIECES OU MODIFIER L'APPAREIL

Ne pas utiliser de piéeces détachées autres que celles vendues par MK'S Instruments, Inc. ou
modifier I'appareil sans |'autorisation préalable de MKS Instruments, Inc. Renvoyer I'appareil aun
centre d'éalonnage et de dépannage MKS pour tout dépannage ou réparation afin de sassurer que
tous les dispositifs de sécurité sont maintenus.

DEPANNAGE EFFECTUE UNIQUEMENT PAR UN PERSONNEL QUALIFIE

L'opérateur de |I'appareil ne doit pas enlever le capot de I'appareil. Le remplacement des
composants et | es réglages internes doivent étre effectués uniquement par un personnel d'entretien
qudlifié.

MISE A LA TERRE DE L'APPAREIL

Cet apparell est misalaterreal'aide du fil de terre du cordon d'alimentation. Pour éviter tout
risque de secousse é ectrique, brancher le cordon d'alimentation sur une prise de courant
correctement cablée avant de le brancher sur les bornes d'entrée ou de sortie de |'appareil. Une mise
alaterre de protection al'aide du fil de terre du cordon d'alimentation est indispensable pour une
utilisation sans danger de |'appareil.

DANGER LIE A UN DEFAUT DE TERRE

En cas de défaut de terre, toutes les piéces conductrices accessibles (y compris les boutons de
commande ou de réglage qui semblent étre isolés) peuvent étre source d'une secousse électrique.

MISE A LA TERRE ET UTILISATION CORRECTE D'ACCESSOIRESELECTRIQUES

Des tensions dangereuses existent al'intérieur de I'appareil. Tous les accessoires et les cables
électriques doivent étre conformes au type spécifié et étre en bon état. Tous les accessoires
électriques doivent étre correctement connectés et mis alaterre.

11
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UTILISATION D'UN CORDON D'ALIMENTATION APPROPRIE

Utiliser uniquement un cordon d'alimentation en bon état et conforme aux exigences de puissance
d'entrée spécifiées dans le manuel.

Utiliser uniguement un cordon d'alimentation amovible avec des conducteurs dont la section est
égale ou supérieure 20,75 mm’. Le cordon d'aimentation doit étre approuvé par un organisme
compétent tel que VDE, Semko ou SEV.

UTILISATION D'UNE ALIMENTATION APPROPRIEE

Cet appareil est congu pour fonctionner en salimentant sur une source de courant éectrique
n'appliquant pas une tension entre les conducteurs d'alimentation, ou entre les conducteurs
d'alimentation et le conducteur de terre, supérieure a celle spécifiée dans le manuel.

UTILISATION D'UN FUSIBLE APPROPRIE

Utiliser uniquement un fusible conforme au type, alatension nominale et au courant nominal
spécifiés pour I'appareil.

NE PAS UTILISER DANS UNE ATMOSPHERE EXPLOSIVE

Pour éviter tout risque d'explosion, ne pas utiliser I'appareil dans une atmospheére explosive a
moins qu'il n'ait été approuvé pour une telle utilisation.

DANGER DE HAUTE TENSION

Une haute tension est présente dans le céble et dans le capteur lorsque le contréleur est sous
tension.

12
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Informacion sobre seguridad

Simbolos usados en el manual de instrucciones

Definiciones de los mensajes de ADVERTENCIA, PRECAUCI ON Y OBSERVACION usados en
el manual.

Advertencia El simbolo de ADVERTENCIA indica un riesgo. Pone de relieve
w un procedimiento, practica, condicién, etc., que, de no
realizarse u observarse correctamente, podria causar lesiones a
los empleados.

Precaucion w El simbolo de PRECAUCION indica un riesgo. Pone dereieve un
procedimiento, practica, etc., detipo operativo que, de no realizarse
u observar se correctamente, podria causar desperfectos al
instrumento, o llegar incluso a causar su destruccién total o parcial.

Observacion ".I El simbolo de OBSERVACION indicainformacion de importancia. Pone
. de relieve un procedimiento, préctica, condicion, etc., cuyo conocimiento
resulta esencial.

13
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Informacion sobre seguridad

Simbolos que aparecen en la unidad

En latabla que figura a continuacién se indican los simbol os que aparecen en la unidad.

Definicion delos simbolos que aparecen en la unidad

Encendido
(alimentacion eléctrica)
IEC 417, N.° 5007

O

Apagado
(alimentacion eléctrica)
IEC 417, N.° 5008

1l

Puesta a tierra
IEC 417, N.° 5017

D

Proteccion a tierra
IEC 417, N.° 5019

+

Caja o chasis
IEC 417, N.° 5020

v

Equipotencialidad
IEC 417, N.° 5021

Corriente continua
IEC 417, N.° 5031

o

Corriente alterna
IEC 417, N.° 5032

~~

Corriente continua y
alterna
IEC 417, N.° 5033-a

=]

Equipo de clase Il
IEC 417, N.° 5172-a

3™~

Corriente alterna
trifasica
IEC 617-2 N.° 020206

Precaucién. Consultar
los documentos
adjuntos
ISO 3864, N.° B.3.1

Precaucién. Riesgo
de descarga eléctrica
ISO 3864, N.° B.3.6

Precaucion.
Superficie

caliente
IEC 417, N.° 5041

Tabla4: Definicion de los simbolos que aparecen en la unidad
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Procedimientos y precauciones de seqguridad

L as precauciones generales de seguridad que figuran a continuacion deben observarse
durantetodas las fases de funcionamiento del presenteinstrumento. La no observancia de
dichas precauciones, o de las advertencias especificas a las que se hace referencia en €
manual, contraviene las normas de seguridad referentes al uso previsto del instrumento y
podriaimpedir la proteccién que proporciona € instrumento. MK S Instruments, Inc., no
asume responsabilidad alguna en caso de que € cliente haga caso omiso de estos
requerimientos.

NO UTILIZAR PIEZASNO ORIGINALES NI MODIFICAR EL INSTRUMENTO

No se debe instalar piezas que no sean originales ni modificar e instrumento sin autorizacion. Para
garantizar que las prestaciones de seguridad se observen en todo momento, enviar € instrumento al
Centro de servicio y cdibracion de MKS cuando sea necesaria su reparacion y servicio de

manteni miento.

REPARACIONES EFECTUADASUNICAMENTE POR TECNICOSESPECIALIZADOS

Los operarios no deben retirar las cubiertas del instrumento. El cambio de piezasy los regjustes
internos deben efectuarl os Unicamente técni cos especializados.

PUESTA A TIERRA DEL INSTRUMENTO

Este instrumento esta puesto atierra por medio del conductor de tierradel cable eléctrico. Para
evitar descargas el éctricas, enchufar € cable eléctrico en unatoma debidamente instalada, antes de
conectarlo alas terminales de entrada o salidadel instrumento. Para garantizar €l uso sin riesgos
del instrumento resulta esencia que se encuentre puesto atierra por medio del conductor de tierra
del cable eléctrico.

PELIGRO POR PERDIDA DE LA PUESTA A TIERRA

Si se pierde la conexion protectora de puesta atierra, todas las piezas conductoras a las que se tiene
acceso (incluidos los botones y mandos que pudieran parecer estar aislados) podrian producir
descargar el éctricas.

PUESTA A TIERRA Y USO DE ACCESORIOS ELECTRICOS ADECUADOS

Este instrumento funciona con voltges peligrosos. Todos los accesorios y cables eléctricos deben
ser del tipo especificado y mantenerse en buenas condiciones. Todos |os accesorios el éctricos
deben estar conectados y puestos atierra del modo adecuado.

15
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USAR EL CABLE ELECTRICO ADECUADO

Usar unicamente un cable eléctrico que se encuentre en buenas condiciones y que cumplalos
requisitos de alimentacién de entrada indicados en € manual.

Usar unicamente un cable desmontable instalado con conductores que tengan un area de seccion
transversal equivaente o superior a0,75mm2. El cable eléctrico debe estar aprobado por una
entidad autorizada como, por g emplo, VDE, Semko o SEV.

USAR LA FUENTE DE ALIMENTACION ELECTRICA ADECUADA

Este instrumento debe funcionar a partir de una fuente de alimentacién el éctrica que no aplique
més voltaje entre [os conductores de suministro, o entre uno de los conductores de suministro y la
puestaatierra, que e que se especificaen e manua.

USAR EL FUSIBLE ADECUADO

Usar unicamente un fusible del tipo, clase de voltgje y de corriente adecuados, segin lo que se
especifica para e instrumento.

EVITAR SU USO EN ENTORNOS EXPLOSIVOS

Para evitar € riesgo de explosion, no usar este instrumento o en un entorno explosivo, ano ser que
haya sido certificado paratal uso.

PELIGRO POR ALTO VOLTAJE
Cuando € controlador esta encendido, se registraato voltge en e cabley en € sensor.
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Chapter One: General Information

Introduction

The MKS Type 186B Process Controller can power and read up to ten different input channels,
and four control channels. The unit holds up to eight plug-in boards. Theinput channels include
Pirani/convection gauges, capacitance manometers, mass flow controllers, cold cathode gauges,
and up to four hot cathode gauges. The hot cathode gauges can be either the high or low power
variety, or acombination of both types. The control channel functionality can support up to four
Control boards. The 186 unit supports up to eight Auxiliary Output boards; each board supplies
two alarm relays. (A maximum of two alarm relays can be assigned to each input channel.) In
addition, the 186 instrument provides one analog output. The 186 instrument requires aremote
power supply and conveniently fits into a standard %2 rack.

The Control board enables the 186 instrument to perform closed-loop process control. The 186
instrument uses a Proportional -Integral-Derivative (PID) control agorithm to adjust the output of
the Control, or Mass Flow Controller, board based on a pressure input signal. The 186 instrument
reads the pressure input signal from an input channel, compares the reading to the user-defined set
point, and cal culates the output signal necessary to position the valve to achieve, or maintain, the
desired set point pressure. It repeats this cycle every time it samples the pressure input channel.

The 186 instrument communicates through an RS-232 interface, rather than a front panel, so it can
be incorporated into alarger process system. Therear panel of the 186 instrument contains a
standard 9-pin male Type “D” connector for serial communications. The front panel of the 186
instrument contains a 25-pin female Type “D” connector that allows you to connect a computer to
program the 186 instrument directly (and override the rear panel communications).

The 186 instrument offers several features to protect ion gauges. One feature monitors the rate of
rise of pressure experienced by the hot cathode gauge. Another feature allows you to define a high
pressure shutoff value. If the hot cathode senses a pressure that exceeds the high pressure shutoff
value, the 186 instrument automatically powers off the hot cathode gauge. A third feature controls
the power to the hot cathode gauge based on the pressure reading from a reference channdl. If the
pressure of the reference channel exceeds the preset upper limit, the 186 instrument powers off the
hot cathode gauge. When the pressure of the reference channel drops below the preset limit, the
186 instrument restores power to the hot cathode gauge.

The 186 instrument offers one standard anal og output signal with arange of 0 to +10 Volts (DC).
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How This Manual is Organized

This manual is designed to provide instructions on how to set up and install a Type 186 unit.

Beforeinstalling your Type 186 unit in a system and/or operating it, carefully read and
familiarize yoursdlf with all precautionary notesin the Safety Messages and Procedures
section at the front of thismanual. In addition, observe and obey all WARNING and CAUTION
notes provided throughout the manual.

Chapter One: General Information, (this chapter) introduces the product and describes the
organization of the manual.

Chapter Two: Installation, explains the environmental requirements and describes how to mount
the instrument in your system.

Chapter Three: Overview, gives a brief description of the instrument and its functionality. This
chapter includes connector pinout and interface cabling information.

Chapter Four: Operation, describes how to use the instrument and explains al the functions and
features.

Chapter Five: Sensor Board Command Summary, presents the RS-232 messages arranged by
board type.

Chapter Sx: Operation of the Control Board, explains how to configure a Control board so that
the 186 instrument can control your process using closed-loop control.

Chapter Seven: Maintenance, offers several tipsto help you maintain your 186 instrument.
Appendix A: Product Specifications, lists the specifications of the instrument.

Appendix B: Model Code Explanation, describes the model code assigned to each unit.
Appendix C: Pressure Range, states the default pressures for various sensors.

Appendix D: Power Supply Requirements, outlines the specifications for the power supply you
must provide to operate the 186 instrument.

Appendix E: RS-232 Message Summary, lists the RS-232 commands in tables for reference.

18
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Manual Conventions

Function A function is atask the 186 instrument can perform. For example, spanning a
sensor with areferenceis atask the 186 instrument can perform. Other tasks
include adjusting set point values and zeroing atransducer. Refer to the Table
of Contents for acomplete list of al functions the 186 instrument can perform.

Parameter A parameter isavalue or option you add or alter when you give acommand or
execute afunction. The result isthat the command or function accomplishes
its task in the way that you want. If you do not enter a parameter, the 186 unit
operates according to its default values. For example, the 186 instrument
reports the pressure reading in Torr, initially. Unless you issue the command
to change the pressure unit, the 186 instrument will continue to use Torr.

Customer Support

Standard maintenance and repair services are available at al of our regional MK S Cdibration and
Service Centers, listed on the back cover. In addition, MKS accepts the instruments of other
manufacturers for recalibration using the Primary and Transfer Standard calibration equipment
located at all of our regional service centers. Should any difficulties arise in the use of your Type
186 instrument, or to obtain information about companion products MKS offers, contact any
authorized MKS Calibration and Service Center. If it is necessary to return the instrument to
MKS, please obtain an ERA Number (Equipment Return Authorization Number) from the MKS
Cdlibration and Service Center before shipping. The ERA Number expedites handling and ensures
proper servicing of your instrument.

Please refer to the inside of the back cover of this manua for alist of MKS Calibration and
Service Centers.

Warning All returns to MKS Instruments must be free of harmful,
corrosive, radioactive, or toxic materials.
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Chapter Two: Installation

How To Unpack the Type 186 Unit

MKS has carefully packed the Type 186 unit so that it will reach you in perfect operating order.
Upon receiving the unit, however, you should check for defects, cracks, broken connectors, etc., to
be certain that damage has not occurred during shipment.

Note ol Do not discard any packing materials until you have completed your
Na . , o
inspection and are sure the unit arrived safely.

If you find any damage, notify your carrier and MKS immediately. If it isnecessary to return the
unit to MKS, obtain an ERA Number (Equipment Return Authorization Number) from the MKS
Service Center before shipping. Please refer to the inside of the back cover of this manual for alist
of MKS Calibration and Service Centers.

Caution w Only qualified individuals should perform theinstallation and any
user adjustments. They must comply with all the necessary ESD and
handling precautions while installing and adjusting the instrument.
Proper handling is essential when working with all highly sensitive
precision eectronic instruments.

Unpacking Checklist
Standard Equipment
e Type 186 Unit
* Type 186 Instruction Manua (this book)

¢  Power cord (CB186S-7-M1) refer to Power Connector, page 59, for details
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Optional Accessories

* Electrical Connector Accessories Kit, 186B-K1 (contains mating connectors)
* Gauges

e Typw 260 PS-3 power supply

« Interface Cables (refer to Inside the Type 186 Unit, page 37, for details)

* Type 186A to 186B adapter cable (p/n 121984-G1)

¢ RS-232 Interface Cable (MKS p/n CB146-21)

¢ Rear pand connector cable (MKS p/n CB-146-2 or CB-146-4)

e Labelsfor rear pand board identification (MKS p/n LB-1141011)

*  RM-6 Rack Mount (MKS p/n RM6)

*  MKS Remote User Interface software program to communicate with the 186 unit

Plug-In Boards

All or some of the following boards may have been ordered with your basic 186 instrument.
Examine the rear panel of the 186 unit to make sure your unit conforms to your model code. Refer
to Figure 1, page 23, to identify these boards by their connectors on the rear panel. Appendix B:
Model Code Explanation, page 147, provides an explanation of the model code.

The order form also contains specific configuration instructions. For example, the unit can be set
up for asingle channel Pirani board (the default is adua channel board), or for alow power HPS
hot cathode gauge (the default is for a high power gauge).

Labels are placed at each occupied board slot on the rear panel of the 186 unit. The labels identify
the channel number(s) and type of board installed in the slot.

Y our 186 instrument supports the following boards:
* Pirani/Convection
* Hot Cathode
» Cold Cathode
¢ Capacitance Manometer
* Mass Flow Controller
» Control
¢ Auxiliary Output

Figure 1, page 23, shows the rear panel of the 186 instrument with a Capacitance Manometer
board, four Hot Cathode boards, and two Pirani boards. The rear panel on your instrument will
conform to the ordering code used to purchase the instrument. Figure 2, page 23, shows the
connectors on each board.
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How To Unpack the Type 186 Unit

Power Connector

e @ ]
Chassis
c ‘ Ground
Chassis | Screw
Ground ‘ e
Screw \ ‘
P 4 o0
Empty Slot - i = = = =
A AD | [On [OA (A9 40
S @ 9/ @ \® @ @ @
\
Capacitance Manometer Board  pyal Pirani Boards Hot Cathode Boards RS-232 Interface
Figure 1: Rear Pand of the Type 186 Unit
CAPACITANCE COLD CATHODE CONTROL ) AUXILIARY
MANOMETER BOARD O BOARD OUTPUT
BOARD B‘_ BOARD
@V' Valve i
High Voltage Output Relay
< ) @)
& C.M. Interface
- Interface @f’ B - B‘,
Current Input :: Control Analog
@ Interface Outputs
Note 1: The connector type
DUAL PIRANI/ HOT CATHODE MASS FLOW is based on the background
CONVECTION BOARD CONTROLLER  color:
BOARD O BOARD White = Male
N Black = Female
- Channel 1 Current Input
L Note 2: Each slot has a
label to identify the
M.F.C. h
B N ntort type of board installed.
< nterface
. Channel 2
H.C.
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Figure 2: Plug-In Boards
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Product Location and Requirements

Environmental Requirements
¢ Ambient Operating Temperature: 15° to 40° C (59° to 104° F)
* Ventilation requirements include sufficient air circulation

*  Operating humidity range is between 0 and 95%, non-condensing

Mounting

* The 186 unit fitsinto panel cutout or in a 19 inch rack when supplied with the RM-6 Rack
Mount option

Safety Conditions
The 186 unit poses no safety risk under the following environmental conditions.
e Altitude: upto 2000 m

¢ Maximum relative humidity: 80% for temperatures up to 31° C, decreasing linearly to
50% at 40° C
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System Requirements

Pressure Transducer Selection

Refer to the description of each transducer board in Inside the Type 186 Unit, page 37, for details
such as connector pinouts.

Note ||:' The Capacitance Manometer board supports any capacitance manometer
that delivers up to £10 Volts full scale. If your capacitance manometer
deliverslessthan £10 Volts full scale, the 186 instrument may not read
the pressure correctly.

If you are using atransducer with a+5 Volt output, you must set the full
scale range correctly. For example, if you have a20 Torr full scale
transducer with a5 VDC output, set the full scale setting on the 186 unit
to 40 Torr, the equivalent of a10 VDC outpui.

The Pirani-type gauges that are compatible with the 186 instrument are the HPS Pirani and
Convection-Enhanced Pirani (CEP) gauges, and the Granville-Phillips Convectron® gauge.

The HPS inverted magnetron cold cathode gauge is compatible.

The 186 instrument supports all Bayard-Alpert hot cathode gauges. This includes both the
thoriated iridium and tungsten filament gauges in nude or glass envel ope configuration (where
available), and the HPS low power, nude, Bayard-Alpert hot cathode. Y ou can use up to four hot
cathode gauges, of either power type, with each 186 unit.

Valve Selection
The types of control valves supported include proportiona current driven, and exhaust throttling

valves.

Mass Flow Controller Selection

The 186 instrument supports al MKS mass flow controllers, and equivalent controllers.
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Dimensions

Note ".I All dimensions are listed in inches with millimeters (mm) referenced in
J

parentheses.
< 9.47 (240.5)
< 8.87 (225.2)
[ MKs <= Vacuum Gauge Type 186 ™
;( ) @] Measurement and Control System Interface
3.00 on |\
(76.2) o |
O] ®
- ,Jo.zs (6.4)
4\4 PLCS
<—0.40 (10.2)
4 PLCS

Figure 3: Front Panel Dimensions

A A

3.47 (88.1) b 3.38(85.8)

v

Figure 4: Side Panel Dimensions
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8.00
(203.2)

0.13 > <— 1206 ————>
(3.3) (306.3)

Figure5: Top Panel Dimensions

Set Up

Caution Provide proper clearance so that the 186 unit operates within the
product environmental specifications (refer to Appendix A, Product
Specifications, page 145).

General

* Employ proper grounding

Power, and the analog and digital commons, are al tied together in the 186 instrument.
The transducer signal common and power common are usually tied together internally at
the sensor.  Although these commons are connected together internaly, it isimportant that
each ground be used only for its stated purpose to minimize ground noise and ground-loop
errors.

e Connect to chassis ground

Mount the 186 instrument securely and use a grounding lug to connect the 186 instrument
to achassis ground source. If the mounting position does not provide a chassis ground
source, run a cable from a known, good chassis ground to either middle screw on the rear
panel of the 186 instrument. Refer to Figure 1, page 23, for the location of the middie
SCrews.
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Chapter Two: Ingtallation

Transducer and Mass Flow Controller Connections

Please refer to the installation instructions that came with your particular transducer or mass flow
controller.

Connect the gauge or MFC interface cable to the appropriate 186 instrument connector
Refer to Figure 1, page 23, to identify the appropriate connector.

Communication and Power Connections

1

Connect the power supply cable to the Power connector, located on the rear panel.

Refer to Figure 1, page 23, for the location of the Power connector, and Table 28, page 59,
for a description of the power cable.

Connect the RS-232 communications cable to the RS232 connector on the rear panel.

The RS232 connector, shown in Figure 1, page 23, is a standard 9-pin male Type “D”
connector.

Connect the other end of the communications cable to the serial port on your computer.

If a Control board(s) isinstalled, use the correct interface cable to connect the appropriate
valve or controller to the top connector (Valve Output connector) on the Control board.

Table 21, page 55, lists the valves and controllers supported, and their interface cables.
The bottom connector (Control connector) provides remote function control. Connect a
PC or other remote equipment to this connector, with the appropriate cable.

If an Auxiliary Output board isinstalled, use an appropriate interface cable to connect the
186 unit to a device which can be activated through the relays on the top connector (the
relay interface), and another cable to connect an anal og output device to the bottom
connector (the analog output interface) on the Auxiliary Output board.

Refer to Table 23 and Table 24, page 56, for the pinouts of each connector on the
Auxiliary Output board. MKS does not offer an interface cable for the Auxiliary Output
board.
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Installing Boards in the 186 Unit
This section describes how to install boards that have been ordered after the 186 unit has arrived.

of electrical shock, disconnect the Power connector cable

Warning 'ﬂ‘ The 186 unit has lethal voltages inside. To avoid the danger
before opening the unit.

1. Besurethat the Power connector cable is disconnected.

2. Remove the four Phillips head screws on the outside corners of the rear pandl.

3. Remove the seven (7) screws that fasten the top cover.

4. Remove thetop cover by firmly pulling it towards the back of the unit.

5. Carefully turn the unit over so that it is bottom-side up.

6. Remove the seven (7) screws that fasten the bottom cover.

7. Remove the bottom cover by firmly pulling it towards the back of the unit.

8. Placetheunit on aflat surfacein its normal orientation, with the rear panel facing you.

9. Decide where the board will go.

We recommend that you do not move any boards already installed in the 186 unit.
Instead, install anew board in an unused sot. This prevents the 186 unit from changing
user-defined parameters to default parameters. Refer to How To Check the Power Up
Status, page 112, for additional information.

Caution Place high power ed boards, such asHot Cathode boards, in higher
numbered slots, close to the cooling fan. Insufficient cooling can
damage a Hot Cathode board.

10. Unscrew the two small screws holding the slot cover which corresponds to the board slot
you intend to use.

11. If your board has two Type “D” connectors (Pirani or Control board), remove the top
connector’ s fastening screw.

Refer to Figure 6, page 30, for placement of the top connector’ s fastening screw.

29



Set Up Chapter Two: Ingtallation

Top fastening screws

o @Hoo o,
o) oo G ok

Dual Pirani Board Control Board
Figure 6: Fastening Screw Positions
12. Slide the board inside the unit so that the connector(s) protrude through the opening in the
rear panel.

13. Linethe board up so that the female connector on the board is directly over the mae
connector on the motherboard.

14. Carefully push the board onto the male connector.

15. If your board has two Type “D” connectors (Pirani or Control board), replace the top
connector’ s fastening screw.

16. Turn the unit over so that it is bottom-side up.
17. Use the screw which came with the board, to fasten the board to the bottom of the unit.

18. Replace the bottom cover by inserting it into the grooves provided and firmly sliding it
towards the front of the unit.

The center screw on the bottom cover is slightly off center to avoid interfering with a
connector if aboard is positioned in slot 5. Be sure to align the cover correctly.

19. Replace the seven (7) screws that fasten the bottom cover.
20. Carefully turn the unit right-side up.

21. Grasp the top cover, which is fully perforated, and insert it into the grooves provided.
Firmly slide it towards the front of the unit.
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22. Replace the seven (7) screws that fasten the top cover.

The center screw on the top cover is slightly off center to avoid interfering with a
connector if aboard is positioned in slot 5. Be sureto align the cover correctly.

23. Replace the four Phillips head screws on the outside corners of the rear pand.

24. Replace all the cables which were disconnected from the 186 unit.

Start-up

1. Plug in the Power connector cable to connect the 186 instrument to the externa power
supply.
The 186 instrument responds by illuminating the LED on the front panel. The LED isred
initialy, then it turns to green a few seconds after power up. Within 5 seconds the 186

instrument is fully initialized. Refer to How To Check the Power Up Status, page 112, if
the LED remains red.

2. Allow the system to warm up.

Allow the 186 instrument to warm up for 5 minutes to achieve the rated accuracy. Refer
to the start up instructions that came with your particular transducer(s) for additional start
up procedure and warm up time information. A hot cathode gauge must be turned on since
it is off when the 186 instrument powers up.

3. Initiate gas flow in a manner appropriate to your system.

The system is now operational. 1f your 186 instrument has a Control board, you can
configure it to control the system. Refer to Chapter Sx: Operation of the Control Board,
page 129, for information on configuring and operating the Control board.
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Communicating with the 186 Unit

The 186 unit has an Interface connector, located on the front panel, and an RS-232 connector,
located on the rear panel. Both connectors support RS-232 communication between the 186 unit
and a computer. However, the 186 unit only accepts messages through one port at a time, though
it reports status information on both ports simultaneously. The 186 unit determines which port
takes precedence based on the state of pin 4 of the Interface connector. (Refer to Table 6, page 36.)

Pin 4 |eft open: The rear panel connector (RS-232) is active; the front panel connector (Interface)
ispassive. The RS-232 connector takes precedence. It will accept command messages and
respond to query messages. The device connected to the Interface connector can only monitor
RS-232 communications that are currently being issued from the 186 unit, through the rear panel.
The 186 unit sends out its responses on both connectors, however, it will only acknowledge
messages on the active connector.

Pin 4 grounded: The front panel connector (Interface) is active; the rear panel connector (RS-232)
ispassive. The Interface connector takes precedence so that the device connected to the front panel
can communicate fully with the 186 unit. Any device connected to the rear panel RS-232
connector can only monitor messages that are currently being issued from the 186 unit, through the
front panel. The 186 unit sends out its responses on both connectors, however, it will only
acknowledge messages on the active connector.

For regular operation, use the RS-232 connector on the rear panel to connect the 186 unit to your
system. The Interface connector provides a convenient port to connect a portable computer to the
186 unit should you need to troubleshoot the unit.
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Chapter Three: Overview

General Information

The 186 unit is controlled through remote RS-232 communications. Refer to Chapter Four:
Operation, page 61, for information on establishing communication with a remote computer.

The Front Panel

The 186 unit has a status LED, cooling fan, and a 25-pin female Type “D” connector to connect to
a computer via RS-232 communications.

Fan Status LED  Interface Connector
(1) wMxs <= Vacuum Gauge Type 186 ™
® @ | Measurement and Control System Interface

On

Figure7: The Front Panel
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Status LED

Upon power up, the LED indicates the status of the unit. Proceed slowly because the 186
instrument uses the color of the LED to communicate important diagnostic information.

e TheLED turnsred, then changes to green within a few seconds

Thisindicates that al systems are operating properly. You may proceed to use the
instrument.

e ThelLED turnsred and stays red

The 186 unit has detected a non fatal error, or several non fatal errors, during power up.

Y ou must address the cause of each error before using the instrument. One possible cause
of this error is a configuration change, such as adding or removing a plug-in board. Refer
to How To Check the Power Up Satus, page 112, to determine the cause of the error.
Cycle power to the unit. The unit will turn on properly if the problem was caused by
adding or removing a board, however, al settings will revert to the default values. If a
hardware problem caused the failure, the 186 unit may not be able to communicate.

» After cycling power to the 186 unit several times, the LED still remainsred

The 186 unit has detected afatal error condition. Y ou must power down the unit and send
it back to MKS for service. Refer to Customer Support, page 19, for details.
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Fan

The fan drawsin air into the 186 unit to cool the interna components. Be sure that the areain
front of the fan is kept clear for free air flow. Refer to How To Clean the Fan Filter, page 141, for
mai ntenance information.

Interface Connector

The 25-pin female Type “D” Interface connector alows you to connect an RS-232
communications source to the front panel of the 186 unit. The pinout of the connector is listed in
Table 6, page 36. As stated above, the front panel connector is a 25-pin female Type “D” whereas
the RS232 connector, located on the rear panel, isa 9-pin male Type “D” connector. Refer to
Communicating with the 186 Unit, page 32, for a complete description of the function of each
communications connector.

Note ".I The RS-232 cable for the front panel connector differs from the RS-232
¥ cable used for rear panel communications. Refer to Communicating with
the 186 Unit, page 32, for a description of how the 186 communicates.

Cablefor the Interface Connector

Interface Connector cable for RS-232 communication CB146-21

Table5: Cablefor the Interface Connector

Table 6, page 36, lists the pinout information for the Interface connector.

Note ".I The “No Connection” pin assignment refers to a pin with no internal
¥ connection.
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I nterface Connector Pinout
Pin Number Assignment
1 Chassis Ground
2 RS-232 Transmit Data (TXD)
3 RS-232 Receive Data (RXD)
4 RS-232 Receive Enable *
5 RS-232 Clear to Send (CTS)
6 Spare
7 Digital Ground
8 Filtered +5 Volts (50 mA maximum capacity)*
9 No Connection
10 No Connection
11 No Connection
12 No Connection
13 No Connection
14 No Connection
15 No Connection
16 No Connection
17 No Connection
18 No Connection
19 No Connection
20 RS-232 Request to Send (RTS)
21 No Connection
22 No Connection
23 No Connection
24 No Connection
25 No Connection
Connect pin 4 to pin 7 to override rear connector RS-232
* The +5V signal that can be used to power one of several types of remote terminals.
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Inside the Type 186 Unit

The 186 unit can house up to eight boards, as shown in Figure 1, page 23.

Caution Position the high powered Hot Cathode boardsin the higher
numbered dlotsto provide the maximum air circulation from the
cooling fan. Insufficient air circulation can damage a Hot Cathode
board.

Labels are placed on the rear panel to mark the channel number and board type of each board
installed in the unit when it leaves the factory. A complete set of labelsis supplied if an
unconfigured base unit is ordered. Additional labels are available (MK S p/n LB-1141011).
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Capacitance Manometer Board

The Capacitance Manometer board has one 15-pin female Type “D” connector. Table 7 lists the
pinout of the connector. Refer to Table 8, page 39, for alist of the MKS capacitance manometers
supported, along with their cables.

Capacitance Manometer Board Connector Pinout
Pin Number Assignment
1 +15 Volts
2 Signal+
3 Remote Zero
4* PROM Clock
PROM Clock (120 x 10)
5 Power Ground
6 -15Volts
7 +15 Volts
8 Remote Zero Out-of-Range
9 -15Volts
10* PROM Write
11 Digital Ground
12 Signal-
13 PROM Read (120 x 10)
14 Bypass Remote Zero
15 Chassis Ground
* See Function of Pins 4, 10, and 13, for more information

Table 7. Capacitance Manometer Board Connector Pinout

Function of Pins 4, 10, and 13

Linear Capacitance Manometers. Pins 4, 10, and 13 are not used.

Type 120 Capacitance Manometer: Pins 4, 10, and 13 enable you to apply again of 10 to the
transducer. The 120 transducer pulls pin 13 low when it changes range.

Note ".I Neither the x0.1 nor the x10 range on the 120 transducer is supported.
¥ Useonly the x1 range.
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Inside the Type 186 Unit

MK'S Capacitance Manometers and Cables

Type Description Cable Number
120 Highest Accuracy Standalone CB120-1-xx
122A General Purpose CB112-2-xx
127A Heated General Purpose CB259-5-xx
128 High Temperature General Purpose CB259-5-xx
220 NEMA Case CB112-10-xx
221 Remote Sensor CB112-14-xx
223 Differential Sensor CB112-2-xx
124, 224, 225 General Purpose with Alarms CB112-2-xx
390/690 with a 270 Highest Accuracy CB112-6-xx
622 Absolute Transducer CB112-2-xx
623 Absolute Transducer CB112-2-xx
624 Absolute Transducer (heated) CB112-2-xx
625 Absolute Transducer (heated) CB112-2-xx
626 Absolute Transducer CB259-5-xx
627 Absolute Transducer (heated) CB259-5-xx
628 Absolute Transducer (heated) CB259-5-xx
700 Series Mini-Baratron® Absolute and Gage consult factory

Pressure Transducers

800 Series Ultraclean Mini-Baratron Absolute and consult factory

Gage Pressure Transducers

where -xx is the length; standard length is 10 ft.

Table 8: MKS Capacitance Manometers Supported by the 186 Instrument
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Dual Pirani/Convection Board

On the end of the Pirani/Convection board are two 9-pin female Type “D” connectors, since the
board can support up to two gauges. Table 9 shows the pinout for each connector. For each
Pirani/Convection board, the top connector is the lower numbered channel, and the bottom
connector is the higher numbered channel. For example, if thisboard isinstalled in ot 1, the top
connector is channel 1 and the bottom connector is channel 2; if a second Pirani/Convection board
isinstaled in slot 2, the top connector channel is channel 3 and the bottom connector is channel 4,
and so forth.

Refer to Table 10, page 41, for alist of MK S Pirani sensors, along with their associated cables.

Pirani/Convection Board Connector Pinout

Pin Number Assignment

1 Drive +

Chassis Ground

Signal +
Signal -

Power Ground

Drive +
Bridge Delta +
Bridge Delta-

O[O | B |W|DN

Power Ground

Table 9: Pirani/Convection Board Connector Pinout
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Inside the Type 186 Unit

Pirani Sensors and Cables

Sensor Type Part Number
Pirani Tube with KF-16 103150010
Pirani Tube with 1/s” NPT 103150011
Pirani Tubewith 2" VCR 103150012
Pirani Tube with 1Y/5” CF 103150013
Pirani Tube with 2%’ CF 103150014
Cable Type Cable Number
10 foot cable for al HPS Pirani sensors CB146-15
186 to HPS CEP gauge CB146-37
186 to G.P. Convectron® CB146-14
186 cable adapter for G.P. Convectron® cable CB146-1

Table 10: Pirani Sensors and Cables

Configuring the Dual Pirani/Convection Board as Single Channel Board

The Dual Pirani/Convection board can function as a single channel board. MKS will have
configured the board as a single channel board, if you requested it when you placed the order. The
board will be configured for dua channel operation if you did not specify single channel operation.
If you did not request the single channel configuration, but wish to configure the board for single

channel operation, follow these instructions.

of electrical shock, disconnect the Power connector cable

Warning 'ﬂ‘ The 186 unit has lethal voltages inside. To avoid the danger

before opening the unit.

1. Besurethe Power connector cableis disconnected.

2. Disconnect all cables from the 186 unit.

3. Remove the four Phillips head screws on the outside corners of the rear pandl.

4. Remove the seven (7) screws that fasten the top cover.

5. Removethetop cover by firmly pulling it towards the back of the unit.

6. Carefully turn the unit over so that it is bottom-side up.
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7. Remove the seven (7) screws that fasten the bottom cover.
8. Remove the bottom cover by firmly pulling it towards the back of the unit.

9. Remove the Phillips screw that is securing the Pirani/Convection board to the bottom of
the 186 unit.

10. Carefully turn the unit right-side up.
11. Unscrew the two small screws holding the slot cover on the Pirani/Convection board.

12. Remove the top fastening screw which is above the top connector.

Top Fastening Screw

cWoc Wy

Figure 8: Pirani/Convection Board Connectors
13. Carefully but firmly pull the Pirani/Convection board out of the unit.

14. Remove the jumper that is currently on the jumper pack numbered JP2 through JP8
(typically the jJumper is stored on JP2).

OR“ IF = | ] oll
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Place the jumper on JP1 for
\single channel configuration.

Place the jumper on JP2 for

dual channel configuration.

Figure 9: Jumper Placement on a Pirani/Convection Board
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Place the jumper on JP1.

The board is now configured as a single channel Pirani/Convection board. The upper
connector becomes the only active channel.

Slide the board back inside the unit so that the connectors protrude through the opening in
the rear pandl.

Line the board up so that the female connector on the board is directly over the male
connector on the motherboard.

Gently push the board onto the male connector.

Replace the top connector’ s fastening screw.

Turn the unit over so that it is bottom-side up.

Replace the Phillips head screw that fastens the board to the 186 unit.

Replace the bottom cover by inserting it into the grooves provided and firmly sliding it
towards the front of the unit.

The center screw on the bottom cover is slightly off center to avoid interfering with a
connector if aboard is positioned in slot 5. Be sure to aign the cover correctly.

Replace the seven (7) screws that fasten the bottom cover.
Carefully turn the unit right-side up.

Grasp the top cover with the silkscreening visible and insert it into the grooves provided.
Firmly slide it towards the front of the unit.

The back of the top cover islabeled so that the vent holes are positioned properly.

Replace the seven (7) screws that fasten the top cover.

The center screw on the top cover is slightly off center to avoid interfering with a
connector if aboard is positioned in slot 5. Be sureto align the cover correctly.

Replace the four Phillips head screws on the outside corners of the rear panel.
Replace al the cables which had been disconnected from the 186 unit.

Plug in the power cord.
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Hot Cathode Board

Caution Position the high powered Hot Cathode boardsin the higher
numbered dlotsto provide the maximum air circulation from the
cooling fan. Insufficient air circulation could damage a Hot Cathode
board.

Located on the end of the Hot Cathode board is one coaxial connector and one 15-pin female Type
“D” connector. Table 11 shows the connector pinout of the coaxia connector and Table 13, page
45, shows the Type “D” connector pinout. A list of MKS hot cathode sensors, along with their
cables, isshown in Table 12.

The 186 instrument offers several power control features designed for use with hot cathode gauges.
If the 186 instrument detects a disconnected hot cathode, a tube short, or an open filament in the
HC gauge, it automatically turns off power to the gauge. To restore power to the gauge, toggle the
HC channd off and on again. Thisfeatureis aways enabled. Refer to Power Control Messages,

page 68, and lon Gauge Protection Features, page 60, for acomplete list of the protection features
offered.

Hot Cathode Coaxial Connector Pinout

lon Current SMA

lon Current Center

Chassis Ground Shield

Table 11: Hot Cathode Coaxial Connector Pinout

Hot Cathode Sensors and Cables

Sensor Type Part Number

All MKS Hot Cathode Gauges, Types |G-xx, RG75, and NRC563 | consult factory

HPS low power, nude, Bayard-Alpert (B/A) hot cathode KF40 100005987

HPS low power, nude, Bayard-Alpert (B/A) hot cathode 2% CF 100005980

Other nude or B/A tubes - thoriated iridium or tungsten filament consult factory

Table 12: Hot Cathode Sensors and Cables
(Continued on next page)
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Hot Cathode Sensors and Cables (Continued)
Cable Type Part Number
Cable for glass envelope tubes CB146-13
Cable for glass envelope tubes and external power CB146-16
Cable for nude hot cathode tube CB146-19

Table 12: Hot Cathode Sensors and Cables

Hot Cathode Board Connector Pinout

Pin Number Assignment
1 Filament +
2 Chassis Ground
3 Filament -
4 +15 Volt Output
5 115 Volt Output
6 Grid/Degas -
7 External -15 Volts (high power)
8 Grid/Degas +
9 Filament +
10 External +15 Volts
11 Filament -
12 Power Ground
13 Grid/Degas -
14 Externa -15 Volts (Current limited)
15 Grid/Degas +
Table 13: Hot Cathode Board Connector Pinout
Note .l  One characteristic common to all ion gaugesis an inability to establish an

I'IJ

ion current at high pressures (low vacuum). The gauge may, therefore,
respond asif the pressure is extremely low. Keep this characteristic in
mind when you set a disconnect pressure, alarm trip points, or if you plan
to use an ion gauge as a reference channel.
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Configuring the Hot Cathode Board for a Low Power Hot Cathode

The Hot Cathode board can be configured for alow power hot cathode gauge (the default isfor a
high power gauge). MKSwill configure the board for alow power gauge at the factory, if
specified on the order. If you did not request the low power configuration, but wish to use the
board with alow power hot cathode, follow these instructions.

Caution w Be sureto havethe correct setting for your hot cathode. Damage

1

may occur to alow power hot cathode gauge if you operateit with
the high power gauge configuration because excessive power would
be applied to thegrid during degas.

Be sure the Power connector cable is disconnected.

of electrical shock, disconnect the Power connector cable

Warning 'ﬂ‘ The 186 unit has lethal voltages inside. To avoid the danger

10.

11.

12.

13.

before opening the unit.

Disconnect al cables from the 186 unit.

Remove the four Phillips head screws on the outside corners of the rear panel.
Remove the seven (7) screws that fasten the top cover.

Remove the top cover by firmly pulling it towards the back of the unit.
Carefully turn the unit over so that it is bottom-side up.

Remove the seven (7) screws that fasten the bottom cover.

Remove the bottom cover by firmly pulling it towards the back of the unit.

Remove the Phillips head screw that is securing the Hot Cathode board to the bottom of
the 186 unit.

Carefully turn the unit right-side up.
Unscrew the two small screws holding the slot cover on the Hot Cathode board.
Carefully but firmly pull the Hot Cathode board out of the unit.

Remove one of the shorting jumpers that is currently stored on JP4.
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14.

Place the shorting jumper on JP3.

The board is now configured for alow power hot cathode gauge.

HC High Power: no jumper on L
JP3, shorting jumpers stored on JP4.\1 =

15.
16.

17.
18.
19.

20.

21.
22.

23.

24,

25.
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el
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L HC Low Power: shorting
EE‘/ jumper on JP3.

Figure 10: Jumper Placement on a Hot Cathode Board

Slide the board back inside the unit so that the connectors protrude through the opening in
the rear pandl.

Line the board up so that the female connector on the board is directly over the male
connector on the motherboard.

Gently push the board onto the male connector.
Turn the unit over so that it is bottom-side up.
Replace the Phillips screw that fastens the board to the 186 unit.

Replace the bottom cover by inserting it into the grooves provided and firmly sliding it
towards the front of the unit.

The center screw on the bottom cover is slightly off center to avoid interfering with a
connector if aboard is positioned in slot 5. Be sure to aign the cover correctly.

Replace the seven (7) screws that fasten the bottom cover.
Carefully turn the unit right-side up.

Grasp the top cover with the silkscreening visible and insert it into the grooves provided.
Firmly slide it towards the front of the unit.

The back of the top cover islabeled so that the vent holes are positioned properly.

Replace the seven (7) screws that fasten the top cover.

The center screw on the top cover is slightly off center to avoid interfering with a
connector if aboard is positioned in slot 5. Be sureto align the cover correctly.

Replace the four Phillips head screws on the outside corners of the rear panel.
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Cold Cathode Board

Located on the end of the Cold Cathode board are two coaxia connectors. Table 14 shows the
pinout of each connector. Table 15 lists the MK S sensors supported, along with their cables.

Cold Cathode | /O Connectors
High Voltage - High Voltage BNC

High Voltage Center
Chassis Ground Shield
lon Current SMA

lon Current Center
Chassis Ground Shield

Table 14: Cold Cathode I/O Connectors

Cold Cathode Sensors And Cables

Sensor Type Part Number

Cold Cathode with NW-40-KF 104210001

Cold Cathode with 2-3/4” CF 104210002

Cold Cathode with 1” tube 104210003

Cold Cathode with NW-25-KF 104210004
Cable Part Number

Cold Cathode Cable (10 ft.) 100006171

Table 15: Cold Cathode Sensors and Cables

One characteristic common to all ion gauges is an inability to establish an
ion current at high pressures (low vacuum). The gauge may, therefore,
respond asif the pressure is extremely low. Keep this characteristic in
mind when setting a disconnect pressure, alarm trip points, or if you
designate an ion gauge as a reference channel.

Note .
[
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Mass Flow Controller Board

On the end of the Mass Flow Controller (MFC) board is a 15-pin female Type “D” connector.

Mass Flow Controller Board Connector Pinout

Pin Number Assignment
1 No Connection
2 Signal In +
3 Vave Close output (active low open collector)
4 Vave Open output (active low open collector)
5 Power Ground
6 -15 Volts
7 +15 Volts
8 Set Point Signal Output
9 Fault Input (activelow TTL): Reserved
10 Reserved
11 Set Point Remote Sense
12 Signal In -
13 No Connection
14 No Connection
15 Chassis Ground

Table 16: Mass Flow Controller Board Connector Pinout

Note ".I The “No Connection” pin assignment refers to a pin with no internal
¥ connection.
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Mass Flow Controllers and Cables

MFC Type Part Number
All MKS Mass Flow Controllers except Types Consult the factory for a complete list
1749/1759 of MFC types, ranges, and part numbers
Cable Type Part Number
Cable for MFCs w/ Edge Card connector CB147-7
Cable for MFCsw/ 15-pin Type “D” connector CB147-1
Cable for MFCsw/ 9-pin Type“D” connector CB147-12

Table 17: Mass Flow Controllers and Cables

Note ".I Y ou must use the appropriate CB147-X cable to enable the MFC override
¥ commands. The CB259-5 and CB259-10 cables do not support the open
and close override commands. However, using these cables will not
damage either unit.
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Control Board

The optional Control board has two connectors; a Valve Output connector and a Control Interface
connector.

Valve Output Connector

The Vave Output connector, the upper connector on the board, uses a 9-pin female Type “D”
connector. This connector carries valve drive lines, and the PCS (Pressure Control Signal) output
used for throttle valves and ratio controllers. Refer to Table 18 for the Valve Output connector
pinout.

Valve Output (Upper) Connector Pinout
Pin Number Assignment
1 Power Ground
2 +15 Volts
3 Reserved
4 Reserved
5 PCS (Pressure Control Signal) an analog output signal (voltage)
6 Vave Drive + an analog output signal (current)
7 Vave Drive - an analog output signal (current)
8 PCS Common (Signa Ground)
9 Chassis Ground

Table 18: Vave Output (Upper) Connector Pinout

Note ".I The “Reserved” pin assignment refers to a pin with an internal
¥ connection, that may be assigned a function in the future.

The analog output signal is available as avoltage (pins 5 and 8) and a current (pins 6 and 7).
When using the Valve Drive + and - outputs (pins 6 and 7), you must use the proper jumpersto
select the full scale valve drive current (140 or 200 mA), and the compliance voltage (14 or 26
Volts) aslisted in Table 19, page 52. For the Type 186 unit, compliance voltage is the voltage
needed to sustain a given constant current throughout arange of valve types. The default jumper
packs are JP3 and JP5. This default enables the 186 unit to drive a Type 148 or 248 Vave. Refer
to How To Configure the Control Board to Drive Different Valves, page 53, to configure the 186
instrument to drive different valves.
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Jumperson the Control Board
Jumper Voltage/Current Jumpered for . ..
JP1 200 mA 154 valve
JP2 Reserved N/A
JP3 140 mA 148 and 248 valves
JP4 26 Volts 154 valve
JP5 14 Volts 148 and 248 valves

Table 19: Jumpers on the Control Board
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How To Configure the Control Board to Drive Different Valves

1. Besurethe power cord is disconnected.

of electrical shock, disconnect the power line before opening

Warning 'ﬂ‘ The 186 unit has lethal voltages inside. To avoid the danger
the unit.

2. Disconnect al cables from the 186 unit.

3. Remove thetop two (2) Phillips head screws on the outside corners of the rear panel.
4. Remove the seven (7) screws that fasten the top cover.

5. Removethetop cover by firmly pulling it towards the back of the unit.

6. Remove the shorting jumpers that are currently placed on and jumper packs numbered JP1

through JP5.
JJ 1 2 3 4 5 JP .
Short jumper packs JP1 and JP4 1 1 Shdogtézr?pe{f;‘cﬁéﬁ
for 154 valve configuration. 2 2 anvalve Cg:qﬁgur:gon
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Figure 11: Jumper Placement on a Control Board
7. Place the shorting jumpers on JP1 and JP4 (for a Type 154 valve) or place the jumpers on
JP3 and JP5 (for Type a 148, 248 or 153 vave).

8. Grasp the top cover with the silkscreening visible and insert it into the grooves provided.
Firmly dlide it towards the front of the unit.

The back of the top cover islabeled so that the vent holes are positioned properly.
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9. Replace the seven (7) screws that fasten the top cover.

The center screw on the top cover is slightly off center to avoid interfering with a
connector if aboard is positioned in slot 5. Be sureto align the cover correctly.

10. Replace the top two Phillips head screws on the outside corners of the rear pandl.
11. Replace all cables which had been disconnected from the 186 unit.
12. Plug in the power cord.

Control I nterface Connector

The Control Interface connector uses a 9-pin mae Type “D” connector and is the lower connector
on the board. The Control Interface connector includes the open, close, manual, and set point
recipe select digital control lines.

Control Interface (L ower) Connector Pinout

Pin Number Assignment
1 Reserved
Select Recipe 2 (active low)*

Select Recipe 3 (active low)*

Select Recipe 4 (active low)*
Digital Ground

Reserved

Open (active low)**

(N[OOI B |JW|DN

Manual (active low)**

9 Close (active low)**

* Recipe 1 is used unless one pin (either 2, 3, or 4) is pulled low
** The control mode defaults to Auto unless one pin (either 7, 8, or 9) is pulled low

Table 20: Control Interface (Lower) Connector Pinout

Note ".I A “Reserved” pin assignment means that the pin has an interna
¥ connection and may be assigned a function in the future.
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Control Valvesand Cables
Valve Type MKS Valve Type Number Cable Number
Solenoid 148, 248 CB251-2-10
Smart Throttle 153 CB153-4-10
(not powered by the 186 unit)
Smart Throttle 153 CB153-13-10
(powered by the 186 unit)
High Flow Solenoid 154 CB251-2-10
with CB-248-1-5 adapter

Table 21: Control Valves and Cables

Power Supply/Readouts and Cables
Power Supply/Readout Type MK S Type Number Cable Number
Four Channel Flow, with CRT 147 CB147-3
Single Channel Flow 246 CB246-3
Four Channel Flow 247 CB247-9

Table 22: Power Supply/Readouts and Cables
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Auxiliary Output Board

The Auxiliary Output board contains two relays. The modified, male 9-pin Type “D” connector at
the top of the board allows operation of 120 VAC devices. The 9-pin female Type “D” connector
at the bottom of the board carries relay status.

Auxiliary Output (Top) Connector Pinout

Pin Number Assignment
1,2,6 Relay A (NO,NC, C) *
4,5,9 Relay B (NO, NC, C) *
3,78 Reserved

* NO = Normally Open, NC = Normally Closed, C = Common to both

Table 23: Auxiliary Output (Top) Connector Pinout

Auxiliary Output (Bottom) Connector Pinout

Pin Number Assignment
1 Relay A Status (high = energized)
Relay B Status (high = energized)

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Digital Ground

O |0 (N[O | B |W[DN

Table 24: Aukxiliary Output (Bottom) Connector Pinout

Note ".I A “Reserved” pin assignment means that the pin has an interna
¥ connection and may be assigned a function in the future.
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Auxiliary Output Board - Fail-Safe Feature

Therelays on the Auxiliary Output board are associated with the 186 instrument’ s Fail-Safe
feature. When the 186 unit is powered on, this feature is activated. The processor waits until
pressure readings are stable before activating any of the relays in the 186 unit.

The Fail-Safe feature includes a watchdog timer (in hardware) which causes the relaysto go to
default positions. The processor in the 186 unit prevents the watchdog from triggering by issuing
atimer reset pulse every 10 milliseconds. If the 186 unit fails, the interrupt pulse stops and the
timed hardware reset executes, which causes the relays to go to default positions. The relays go to
the default position (de-energized state) whenever the 186 unit is powered down.
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Rear Panel

In addition to the plug-in board connectors, the rear panel contains the RS-232 connector, and the

Power connector. Refer to Figure 1, page 23.

RS-232 Connector

The standard 9-pin male Type “D” connector, used for serial communications, is located on the
rear panel. Table 25 lists the pinout of this connector, and Table 26 lists the cable (and its part
number) to connect to your computer. Chapter Four: Operation, page 61, describes the RS-232
protocol used in the 186 instrument, and provides an interconnect diagram for IBM XT® and AT®

compatibles.

RS-232 Connector Pinout

Pin Number

Assignment

Reserved

Transmit Data (TXD)

Receive Data (RXD)

Reserved

Digital Ground

Data Termina Ready (DTR)

Clear To Send (CTS)

(N[OOI B |JW|DN

Request to Send (RTS)

9

Reserved

A* Reserved” pin assignment means that the pin has an internal connection

and may be assigned a function in the future.

Table 25: RS-232 Connector Pinout

RS-232 Cables
Cable Part Number
Cablefor AT® or compatible CB146-2
Cablefor XT® or compatible CB146-4

Table 26: RS-232 Cables
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Power Connector

The Power connector is a 7-pin coaxia high current metal shell connector that is the size of a
standard 15-pin Type “D” connector. Y ou must furnish a power supply to provide £15 Volt £5%
@ 10 Amperes maximum to power the 186 instrument.

Power Connector Pinout

Pin Number Assignment

Al +15 Volts

A2 -15 Volts

Anaog Output

Anaog Return

+15 Volt Power Common

+15 Volt Power Common

alb~|[fw (N |PF

+15 Volt Power Common

Table 27: Power Connector Pinout

Refer to Table 28 for a description of the Y-cable, CB186S-7-M 1, that connects the 186 unit to
your power supply. The standard cable length is 10 feet; consult factory for other lengths.

Description of the Power Connector Y-Cable
Power Connector End Flying Lead End
Pin Number Assignment Wire Color
Al +15V Red
A2 -15V White
3,4,5 Ground Black
Drain Metal Braided Shield
1 Anaog Output Red
2 Anaog Return Black
Drain Metal Braided Shield

Table 28: Description of the Power Connector Y-Cable

Note ".I For installations where the 186B is replacing a 186A unit, an adapter
¥ cable (121984-G1) isavailable. Thistype of connection violates the CE
marking of the 186B if the power cable remains unshiel ded.
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lon Gauge Protection Features

A characteristic of either hot or cold cathode gauges is that they may provide invalid pressure
readings when the pressure is above 1 x 10-2 Torr. In addition, hot cathode tubes may be damaged
at high pressures (low vacuum). Because of these gauge limitations, the 186 unit has some high
pressure and pressure rate-of-rise protection built into its hardware, and provides user-editable
protection parameters as well. Refer to Chapter Four, Operation, page 61, for more information
on RS-232 commands.

lon Gauge Auto Power Control RS-232 Command: Channel Auto Control, page 68

When the pressure reading of the selected reference channel exceeds a user-defined pressure limit, the
ion gauge is powered off. When the pressure drops below the preset limit, the ion gauge turns back on.
If ahot cathode gauge had been degassing when it was auto powered off, the degas function will not
turn back on when the hot cathode is auto powered on.

HC High Pressure Shutoff RS-232 Command: HC High Pressure Shutoff, page 74

When the pressure reading of a hot cathode gauge exceeds a user-defined pressure limit, the gauge is
powered off. The gauge will not auto power on again even if the pressure drops below the shutoff
pressure. To power the gauge again, the pressure must be below the shutoff limit, and the HC channel
must be turned off and then on again.

lon Gauge Disconnect Pressure RS-232 Command: lon Gauge Disconnect Pressure, page 74

The ion gauge disconnect pressure feature sounds an alarm and changes the gauge' s reading to
DISCONNECTED when the detected pressure drops below the threshold pressure.  Set the disconnect
pressure to a value one decade below the system base pressure for areliable disconnect alarm. Y ou can
also set the threshold pressure to the highest pressure reading the ion gauge can reliably measure. To
disable this feature, set the disconnect pressureto -1.0. Refer to Table 34, page 74.

Internal Fast Rate of Rise Shutoff RS-232 Command: Internal Fast Rate of Rise Shutoff, page 74

This featureis built into the hardware of the 186 unit. If pressurerisesrapidly to alevel that potentially
could harm a hot cathode' s filament, the gauge is turned off. The response to a channel status command
will indicate a disconnected sensor. For more information on the channel status command, refer the
Read Only Messages, page 108. The exact pressure limit is dependent upon the type of gauge, but for
most Bayard-Alpert tubesit is around 10 to 100 mTorr. To power on the gauge again, the hot cathode
channel must be turned off and then on again. Theinitia setting for this feature is disabled.

Internal Sensing of HC Thisfeature is always enabled, it cannot be disabled.
disconnect/tube shorts/open filament

This featureis built into the hardware of the 186 unit. If the 186 unit detects a disconnected hot cathode
gauge, or atube short or open filament, the gauge is immediately turned off. To power the gauge again,
the hot cathode channel must be turned off and then on again.
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Chapter Four: Operation

General Information

The 186 unit can communicate with any host computer equipped with an RS-232 serial port and an
appropriate cable. The 186 instrument operates asaDTE (Data Terminal Equipment) device, and
uses a standard 9-pin male Type “D” connector (IBM AT® configuration). The RS-232 messages
allow you to fully control al 186 functions remotely. The messages include commands that set
parameters, and requests that query the status of the parameters or the pressure reading.

Chapter Four: Operation, this chapter, organizes the commands by functional type, and provides
a complete description of each command.

Chapter Five: Sensor Board Command Summary, page 117, organizes the commands by sensor
board type.

Chapter Sx: Operation of the Control Board, page 129, discusses operating a Control board.

RS-232 Communication Parameters

Refer to Table 29 for alist of the RS-232 communication parameters.

Note ".I The 186 communication parameters are permanent. 'Y ou cannot change
¥ the setting of any of the communication parameters.

RS-232 Communication Parameters
Parameter Setting
Baud Rate 9600
Parity Even
Number of Data Bits 7
Number of Stop Bits 1
End-of-Line Delimiter CR

Table 29: RS-232 Communication Parameters
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How To Establish RS-232 Communications

Connect the computer to the 186 unit with the correct RS-232 cable. Use the RS-232 connector on
the rear panel to connect the 186 to your system. Note that the RS-232 cable used for rear panel
communications (refer to Table 26, page 58, for the proper MK 'S part number) is not the same as
the RS-232 cable used for the front panel (MKS p/n CB146-21). Refer to Communicating with the
186 Unit, page 32, for the difference between the front and rear panel connectors.

Channel Numbering

The 186 unit can hold up to eight plug-in boards, and supports up to 10 input channels, 4 control
channels, and up to 16 relays. Each input channel can have a maximum of 2 relays assigned to it.
Therefore, you can use twice as many relays as input channels.) The input channelsinclude
capacitance manometers, Pirani gauges, convection gauges, hot cathode gauges (maximum of 4),
cold cathode gauges, and mass flow controllers. The output channels include process control
outputs (maximum of 4). The unit also supports 1 analog output. The channel numbering
sequence depends on the position of the plug-in board in the 186 unit. Boards are identified by
their slot position in the unit, starting from the left (when the unit is viewed from the back). The
input and output channels are numbered separately.

Note ".I The analog output is provided by the motherboard so it does not require a
M separate plug-in board. It is assigned channel number 1.

For example, using the board configuration shown in Figure 1, page 23, the Capacitance
Manometer board in slot 2 would be assigned input channel 1. The Pirani board in slot 3 would be
assigned input channel 2 (upper connector) and input channel 3 (lower connector). The second
Pirani board in the adjacent slot would use input channel 4 (upper connector) and input channel 5
(lower connector). The four Hot Cathode boards, in slots 5 through 8, would be assigned input
channels 6 through 9. This configuration does not use any output channels.

If the four Hot Cathode boards were replaced with 4 Control boards, the sequence of the input
channels would remain the same, for channels 1 through 5. The Control board in slot 5 would
have output channel 1, the Control board in slot 6 would have output channel 2, and so forth.

Note ".I The ten input channels are numbered in sequence from 1 through 9; the
@ tenth channel is channel 0.
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RS-232 Protocol

Message Syntax

The information presented in this section applies to all RS-232 messages. The RS-232 message
syntax uses the following conventions:

bold Messages that you must enter exactly as shown in the manua. Do not
include any spaces in the message string.

italics Placeholder that represents text or numeric values that you must supply.

response Format of message sent from the 186 instrument.

Represents Carriage Return that must be configured as the end-of-line

delimiter (in your communications software).

¢ All commands are sent and received as ASCI| strings.

e All commands must include an ID byte. If the ID byte has no significance, any character,
except can be supplied in its place.

* All messages must use a carriage return as the end-of-line delimiter. Use your
communications software on the host computer to assign a CR to the key.

¢ Use UPPERCASE letters for all command messages.

Format of the Messages

Y ou may enter either scientific notation or fixed notation for floating point datafields. For
example, to set the full scale range to 1000 Torr (1 x 10%) on channel 1, you can enter either:

For Fixed Notation: @0611:1000
or

For Scientific Notation: @0611: 1E3

For information on the full scale range command, refer to Sensor Configuration Messages, page
73.

To specify the format that the 186 instrument will use for its response messages, use the 508
response format command message. The factory setting is fixed notation. Refer to RS232
Response Messages Sent By the 186 Unit, page 65, for more information.

Note ".I All examplesin this manual will use fixed notation for both command
¥ and response messages.
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Format of Messages Sent By the Host Computer

Messages sent by the host computer to the 186 unit are either commands that instruct the
instrument to change an operating parameter, or requests that prompt the instrument to report
status information. Use UPPERCASE lettersin al command messages.

The following table shows the format of RS-232 command messages that are sent by the host
computer to the 186 unit. Specific command bytes are described in this chapter.

RS-232 Command M essage For mat

Type of @| Command Command | ID Data

M essage Category Number (one of the following)

Data Input Bytel | Byte2 Byte 1 : up to 20 data bytes
Request 2

Command

@ The“@" character is always the first character in a message.
Command Category 2 ASCII Bytes

Command Number 1 ASCII Byte

ID 1 ASCII Byte. It may be one of the following: input channel

number (1 - 0); analog output number (1); control channel
number (O - 4); alarms A — P; blank space or any character.

Data This can be variable length ASCII data up to 20 bytes.

For data input, use acolon () followed by the data, terminated
With (enter)-

For adata request, use a question mark (?) followed by
Erres),

For no data, press by itself.

Table 30: RS-232 Command Message Format

How To Query the Status of a Parameter

Y ou can request the status of any user-defined parameter by entering the RS-232 command with a
“?" inserted for the value. For example, to request the sensor full scale range value on channel 1,
enter:

@06117?
The 186 unit will send the following response (if the response format is set to fixed notation):

@061.1; 1000(ENTER)
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RS-232 Response Messages Sent By the 186 Unit

Format of the Response Messages
Y ou can specify the format for all RS-232 responses, by sending the following command:

@508 <option>

where:
. represents a blank space

<option> is E (for scientific notation) or D (for fixed notation)

The 186 instrument uses fixed notation by defaullt.

Note ".I 1. You must re-issue the response format command after each power up
. sinceit is not stored at power down.

2. The eror responses are discussed in Error Messages, page 66.

Response to a Command

When you issue a command, the 186 instrument returns the command category, command number,
and the ID, followed by a colon and the acknowledgement, “:OK.” Using the example above, to
issue the command to specify scientific notation, enter:

@508x:E

The 186 instrument returns;
@08x: OK<CR>

Note ".I The*OK” response indicates that the command syntax was correct and
the command did not generate an error response. This response does not
mean that the command was implemented. For example, the command to
power on a channel with a disconnected sensor will be accepted but not
implemented. To verify that the command was implemented, issue a
guery message. The 186 unit will report the current value.

Response to a Request

When you issue arequest, the 186 unit returns the query message, except the actual data replaces
the“?" inthe datafield. Following the example above, to query the response format enter:

@508x?

The 186 instrument returns;
@08x: E<CR>
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Error Messages

If the 186 instrument cannot execute a command, it will respond with an error message.

Error Code Summary
Error Code Description
E111 Unrecognized command
E112 Inappropriate command
E122 Invalid datafield

Table 31: Error Code Summary

E111: Unrecognized Command

An “unrecognized command” error message will occur if the command syntax is incorrect. The
186 instrument cannot interpret the command string. The syntax error is located in the first four
bytes of the command. Also, if you are converting from a 146 unit to a 186 unit, some commands,
such as the front panel lock out, do not apply and will generate an unrecognized command
message. Refer to Table 30, page 64, for a description of the command message format.

E112: Inappropriate Command

The 186 unit will return an “inappropriate command” error message if the command cannot be
executed on the selected channel (the command is not supported for the type of channdl); the
command is supported but cannot be executed at this time; or arequest only messageis sent asa
command message. |nappropriate commands include attempting to:

* Read achannd that is turned off

» Zero anion gauge (ion gauges cannot be zeroed)

* Zero or span a channel when the zero or span function, respectively, is turned off

* Read achannd that is out-of-range

» Read ahot cathode gauge that is performing a high power degas

» Peform adegas procedure on a channd that is not connected to a hot cathode gauge

» Span aPirani gauge that has the gas type set to argon or helium (Pirani gauges can only
be spanned if the gas type is set to nitrogen.)

» Enter the Auto (or PID) control mode with the recipe select command set to “none”

E122: Invalid Data Field

An‘“invalid datafield” error message indicates a problem with the datafield of the command
string. The datafield can contain a maximum of 26 characters. If your datafield exceeds 26
characters, the 186 instrument will return an invalid command error message. Other possible
causes of an invalid command error message include entries in lowercase letters, an invalid data
range, or adatafield that contains numbers instead of |etters, or vice versa.
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Getting Started

This section is designed to help you initiate communications with the 186 instrument. Once you
have established communications, refer to Power Control Messages, page 68, and Sensor
Configuration Messages, page 73, to complete the system configuration.

Note ".I Y ou must turn on power to a channel before it can accept messages. |If
¥ you attempt to change a parameter of achannel that is powered off, an
E112, inappropriate command error message will result.

How To Verify Instrument Configuration

Y ou can query the 186 instrument to report al of the boards currently installed. Refer to
Diagnostic Messages, page 114, for a detailed description of this message.

To query the 186 instrument for its configuration, enter:

@992 er=r)
where® = represents a blank space

The 186 instrument will respond with the same command except the “?’ will be replaced with:

Empty slot

Pirani board (configured as a single channel board)
Pirani board (configured for dual channel operation)
Hot Cathode board

Capacitance Manometer board

Mass Flow Controller board

Control board

Cold Cathode board

Auxiliary Output board

coNO U~ WNPEO
L1 1 1 T 1 T 1 T 1 O 1 A

Note The instrument configuration command reports the type of board installed
in each dot; it does not report channel information. Refer to Channel
Numbering, page 62, for information on how channel numbers are

assigned.

G

How To Turn On Power to a Channel

Before you can read the value of any channel, you must turn on power to the channel.

@081<id>:<state>
where<id> = thechannd number (1, 2, .. .9, 0)
<state>= OFF
ON

For more information on powering channels, refer to Power Control Messages, page 68.
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Power Control Messages

The power control messages enable you to turn the power to a channel on or off, to activate the
Auto Power feature, and to perform a hot cathode degas procedure. Table 32 lists the power
control messages.

Power Control Messages
M essage Description M essage For mat
@|Command| command ID Data
Category | number

Channel Power @| 0 8 1 1,2,3,4,5 [:|[ON = On

6.7.8.9.0 | \orr = off

(channel #) Sensor must be attached
Channel Auto Power (@| O | 8 2 1,23,4,5, |:|[E = Enadble
OCr(]JIntroI (ion gauges 6,7,8,90 D = Dissble

y) (channel #)

Auto Power Reference|@| 0 | 8 3 1,2, 3,4,5,|:|Channel #in ASCII
Channdl 6,7,8,90

(channel #)
Auto Power Shutoff |@| O 8 4 1,2,3,4,5, |:|ASCII vaue
Pressure 6,7,890

(channel #)
Hot CathodeDegas |(@| O 8 5 1,23,4,5, |:|L =Lo power

67890 H = Hi power

(channel #)

O = Off

Table 32: Power Control Messages
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Channel Power

The ahility to turn off power to sensors is a useful function in several situations. For example, itis
a safety procedure against explosion during cryo-pump regeneration with all sensors except
capacitance manometers (the danger of explosion does not exist with capacitance manometers). A
cold cathode gauge should be powered off above 1 x 10-2 Torr, otherwise fal se readings may
occur. Generaly thisisalso true for hot cathode gauges. In addition, a hot cathode gauge may
experience damage to its filament at high pressures (low vacuum). Pirani type gauges may need to
be powered off if thereis a chance their filaments may ignite, or induce a reaction in backfilled
gases.

in contact with a cryo-pump, during regeneration procedures.
The gauges may cause an explosion if they are not powered
down.

Warning 'ﬂ‘ Turn off all gauges (except capacitance manometers), that are

To turn on or off amass flow controller (MFC) channel, follow the exact same procedure as
described for a sensor channel. Note, however, that power is still supplied to an MFC or
capacitance manometer when the channel is off.

To turn off the power to channd 2, issue the following command:

@0812:OFF

Note ".I 1. A sensor must be attached to the channdl. Otherwise, the 186 unit will
. accept the command if the format is correct (so the response will be
“OK"), but be unable to implement it. A subsequent query of the
channel power will report “OFF.”

2. This command does not turn off power to MFCs or capacitance
manometers.

3. The 186 unit will accept and implement ion gauges messages during
the gauge initialization procedure.
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lon Gauge Auto Power Control

The lon Gauge Auto Power Control enables you to control the state of the ion gauge based on the
pressure reading from a reference channel. When the pressure reading on the reference channel
exceeds a user-defined pressure limit, the 186 instrument will power off an ion gauge. When the
pressure reading on the reference channel drops below the preset limit, the 186 instrument powers
on theion gauge. If ahot cathode gauge had been degassing when it was auto powered off, the
degas function will not turn back on when the hot cathode gauge is auto powered on.

When an ion gauge is in an auto powered off condition, the gauge will not be powered back on
until the reference channel measurement is less than 90% of the auto power shutoff threshold
setting.

The default setting is off for this feature.
To activate the Auto Power Control on channel 5, issue the following command:

@0825.E

To define the pressure limit, enter the following command:

@084<chan>:<pres>
where <chan> = the channel number (1,2,...9,0)

<pres> = pressure limit value, in ASCII

To define the reference channel, issue the following command:

@083<chan>:<ref>
where <chan> = the channel number (1,2,...9,0)

<ref> = channd number of the reference channel (1,2,...9,0)
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How To Perform a Hot Cathode Degas Procedure

Note ".I The 186 instrument can only perform the degassing procedure on one hot
¥ cathode gauge at atime. All other channels will continue to function
during the degassing procedure.

The 186 instrument can perform either alow or high power degassing procedure. The hot cathode
channel must be on (power on) in order to degasit. A hot cathode channel configured for high
power can undergo either a high or low power degas. If the hot cathode channel is configured for
low power, only use the low power degas. For information on configuring the Hot Cathode board,
refer to Hot Cathode Board, page 44.

Caution Damage to a hot cathode gauge can occur if pressureis allowed to get
too high. To avoid any damage, monitor the pressure and control it
within the specifications stated for the hot cathode gauge.

Degas isonly effectiveif the pressureremainslessthan 1 x 10> Torr.

During alow power degas, the filament inside the hot cathode stays on and the 186 unit continues
to collect valid pressure readings. During low power degas (1?R resistance heating), all the power
remaining (after powering the filament) is delivered to the grid inside the tube.

During a high power degas, the filament inside the hot cathode is turned off and al power is
delivered to the grid inside the tube. The 186 instrument will not report pressure readings during a
high power degas.

Initiating a Low Power Degas:

To perform alow power hot cathode degas procedure:

1. To power on the hot cathode channel, issue the command:

@081<chan>:ON

where <chan> = the channel humber (1,2,...9,0)

2. Thefollowing command starts the low power degas procedure:

@085C:L

where <chan> = the channel humber (1,2,...9,0)

3. To stop the low power degas procedure, enter:

@085C:0

where <chan> = the channel nhumber (1,2,...9,0)
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Initiating a High Power Degas:

Caution Only perform the high power degas procedure on a high power hot
cathode gauge. Performing a high power degas procedure on a low
power gauge may damagethe grid within the gauge.

Follow the steps below to configure the 186 instrument to perform a high power hot cathode degas
procedure.

1. To power on the hot cathode channel, issue the command:

@081<chan>:ON

where <chan> = the channel humber (1,2,...9,0)

2. Toverify that the 186 instrument has correctly identified the sensor type, enter:

@069<chan>?

where <chan> = the channel humber (1,2,...9,0)

The 186 instrument will respond with the same string, except the “?" will be replaced with
anumber to indicate the type of sensor:

6 for high power hot cathode gauge
7 for alow power hot cathode gauge

For more information on the sensor identification command, refer to Sensor Configuration
Messages, page 73.

3. To start the high power degas procedure, issue the following command:

@085<chan>:H
where <chan> = the channel humber (1,2,...9,0)

H =sdlects a high power degas procedure

4. To stop the high power degas procedure, enter:

@085<chan>:0

where <chan> = the channel humber (1,2,...9,0)
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Sensor Configuration Messages

Sensor Configuration Messages

Sensor configuration is used to adjust parameters that are specific to different gauge types or to a
mass flow controller (MFC). This group a so contains the commands to set the alarms, provided
by the Auxiliary Output board. The 186 unit automatically determines the type of sensor attached

to each channel during power up.

Table 33 lists the parameters included in the sensor configuration group as they apply to the

different gauges.

Sensor Configuration Parameters

Gauge Type Adjustable Parameters
Capacitance Manometer Sensor range
Resolution

Units (Torr*, mTorr, mbar, Pascal)

Pirani or Convection

Gastype (N,, Ar, or He)
Convection gauge type (HPS or GP)
Units (Torr*, mTorr, mbar, Pascal)

Hot Cathode

Sensitivity
Disconnect Pressure
High Pressure Shutoff
Internal Fast Rate of Rise Shutoff
Units (Torr*, mTorr, mbar, Pascal)

Cold Cathode

Gauge Correction Factor
Disconnect Pressure
Units (Torr*, mTorr, mbar, Pascal)

Mass Flow Controller

Range

Units (sccm*, m)

Alarms

Assign channel

* denotes the default value

Table 33: Sensor Configuration Parameters

Refer to Table 34, page 74, for acomplete list of the sensor configuration messages.
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Refer to Chapter Five: Sensor Board Command Summary, page 117, for acomplete list of
commands for each board type.

Sensor Configuration Messages

M essage Description

M essage For mat

@|Command|Command ID Data
Category | Number
Channel Range @ 0| 6 1 1,2,3,4,5, |:|ASCII vaueindicating
6,7,8,9,0 | [full scalerange
(channel #)
Channdl Resolution |@| O 6 2 1,2, 3 4,5, |:|ASCII vaue that
6,7,8090 represents resolution as a
(channel #) power of 10
Channel Gas Type @ 0 6 3 1,2,3,4,5, ;[N = Nitrogen
6,7,890 A= Argon
(channel #) )
H = Hdium
Channel Gauge @ O 6 4 1,2, 3,4,5, [:|ASCII value
Factor/Sensitivity 6,7,8090
(channel #)
lon Gauge Disconnect (@] O 6 5 1,2, 34,5, |:|ASCII value of the
Pressure 6,7,8,9, 0 | |disconnect pressure,
(channel #) from -1.0 to +0.001
Hot Cathode High @ O 6 6 1,2, 3,4,5, [:|ASCII value of the
Pressure Shutoff 6,7,8,9 0 | [shutoff pressure
(channel #)
Internal Fast Rateof |@| O | 6 7 1,23 4,5 |:|[E =Enable
(R:zﬁistoff (Hot 6,7,8,90 D = Dissble
(channel #)
Convection Gauge @ 0| 6 8 1,2,3,4,5, |:/4 = GP Convectron
Type 67,890 5 = HPSCEP
(channel #)

Table 34: Sensor Configuration Messages
(Continued on next page)
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Sensor Configuration Messages

Sensor Configuration Messages (Continued)

M essage Description M essage For mat
@|Command|Command ID Data
Category | Number
Sensor Identification (@] 0 | 6 9 1,2,3 4,5, |: 2 (Request only)
67890 | o = Type120
(channel #) | |2 = linear capacitance
manometer
3 = HPSPirani
4 = GP Convectron
5 = HPS CEP
6 = high power hot
cathode
7 = low power hot
cathode
8 = cold cathode
9 = massflow
controller
Assign Alarm 1 @ 0| 6 A 1,2,3,4,5, |:|Alarm letter (A, B, C, D,
6,7,890 | |EF,GHIJK, L M
(channel #, N, O, P)
one per The query will return an
adarmrelay) | [X if no darmisassigned
Assign Alarm 2 @ 0| 6 B 1,2,3,4,5, |:|Alarm letter (A, B, C, D,
6,7,890 | |E F,GHIJK, L M
(channel ##, | |’ N, O, P)
one per The query will return an
adarmrelay) | [X if nodarmisassigned
Sdect unitsforan  |@| 0 | 6 C 11,2345 |:|MT= mTor
individual channel 6,7,8090 T = Torr
(channel #) PA = Pascal
MB = mbar
SC = scam
SL = dm
C = Cdsius

Table 34: Sensor Configuration Messages
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Capacitance Manometer Configuration Messages

The sensor configuration messages for a capacitance manometer include the sensor range and
resolution entries. Refer Calibration Messages, page 85, for information on zero and span
adjustments.

Sensor Identification

To verify that the 186 instrument has correctly identified the sensor type, send the command:

@069<chan>?
where <chan> = the channel humber (1,2,...9,0)

The 186 instrument will respond with the same string, except the “?’ will be replaced with a
number to indicate the type of sensor:

0 for a Type 120 capacitance manometer
2 for alinear capacitance manometer

Sensor Full Scale

The default full scale range for all capacitance manometersis 1000 Torr. To set the sensor full
scale, issue the command:

@061<chan>:<fs>
where <chan> = the channel nhumber (1,2,...9,0)
<fs> = thefull scae of the sensor, 0.0009 to 100,000 Torr

Sensor Resolution

Sensor resolution is the number of significant digits displayed to the left or right of the decimal
point. The range of the sensor resolution setting for a Type 120 gauge or linear capacitance
manometer is +7 decades (from 10 “ to 10 ) The default resolution, for all capacitance
manometers, is 1 x 10 *. The resolution value must be entered as the power of 10; therangeis
from -7 to +7.

For example, to display 3 digits to the right of the decimal point (the resolution would be 1 x 10 )
on channel 2, enter the following command:

@0622:-3

Channd Units

Y ou can set the units for each individua channel using the units command:

@06C<chan>:<units>
where <chan> = the channel humber (1,2,...9,0)

<units>= aletter representing units (MT = mTorr; T = Torr;
PA = Pascal; MB = mbar)
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Pirani and Convection Gauge Configuration Messages

The 186 unit determines whether a Pirani or convection type gauge is connected when the channel
is powered on. However, the 186 unit cannot distinguish between an HPS Convection Enhanced
Pirani (CEP) and a Granville-Phillips (GP) Convectron gauge. The default selection for a
convection gauge is the Convectron gauge. Therefore, if you are using an HPS CEP gauge, you
must issue an additional command to select the convection gauge type.

Sensor | dentification

To verify that the 186 instrument has correctly identified the sensor type, ensure that the sensor is
powered on, and enter:

@069<chan>?

where <chan> = the channel humber (1,2,...9,0)

The 186 instrument will respond with the same string, except the “?’ will be replaced with a
number to indicate the type of sensor:

3 for Pirani gauge
4 for Convectron
5 for HPS convection gauge

Selecting the Gas Type

Y ou must select the gas type for both Pirani and convection gauges. Nitrogen is the default gas
type for all gauges. To select the gas type, enter the following command:

@063<chan>:<gas>
where <chan> the channel number (1,2,...9,0)
<gas> = N for nitrogen; A for argon; H for helium

Selecting the Type of Convection Gauge

The 186 unit cannot distinguish between a GP Convectron and an HPS Convection-Enhanced
Pirani (CEP) gauge. Therefore, you must issue this command to select the type convection gauge
(the gauge does not need to be on). This command is not necessary if you have a Pirani gauge.

@068<chan>:<gauge>
the channel number (1,2,...9,0)
<gauge> = 4 for GP Convectron; 5 for HPS CEP gauge

where <chan>

Channéd Units
Y ou can set the units for each individua channel using the units command:

@06C<chan>:<units>

where <chan> = the channel nhumber (1,2,...9,0)

<units>= aletter representing units (MT = mTorr; T = Torr;
PA = Pascal; MB = mbar)
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Hot Cathode Configuration Messages

The Hot Cathode board is configured for a high power hot cathode gauge, by default. If you are
using alow power hot cathode gauge, refer to Configuring the Hot Cathode Board for a Low
Power Hot Cathode, page 46, for instructions on how to change the default setting and
accommodate alow power hot cathode.

To configure the 186 unit to operate a hot cathode gauge you need to set the ion gauge disconnect
pressure, and the sensitivity. In addition, the 186 instrument offers two shutoff commands as
safety features.

Note ".I The 186 unit will accept and implement hot cathode specific RS-232
. messages during the initialization procedure.

Sensor Identification
To verify that the 186 instrument has correctly identified the sensor type, enter:

@069<chan>?
where <chan> = the channel humber (1,2,...9,0)
The 186 instrument will respond with the same string, except the “?” will be replaced with a
number to indicate the type of sensor:

6 for high power hot cathode gauge
7 for alow power hot cathode gauge

Sensitivity

The sensitivity value can range from 0.01 to 100, inclusive; the units are 1/Torr. The default value
for the sensitivity is 10. Increasing the sensitivity value decreases the slope of the actual pressure
versus the apparent pressure curve. Therefore, a smaller change in the apparent pressure (what the
hot cathode gauge reads) results in a measurable change in the actual pressure value (what the 186
unit reports).

To enter the sengitivity parameter, issue the following command:

@064<chan>:<value>

where <chan> = the channel humber (1,2,...9,0)

<vaue> the sensitivity value, in ASCII
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lon Gauge Disconnect Pressure

The ion gauge disconnect pressureis set at base pressure so that if the detected pressure drops
below this limit (often the result of a disconnected sensor), the response to a channel status
command will indicate a disconnected sensor. For more information on the channel status
command, refer to Read Only Messages, page 108.

Another use for this entry is to detect when the pressure has exceeded the limit at which an ion
gauge can reliably measure. A characteristic of al ion gauges is that when measuring at high
pressures (low vacuum), an ion current cannot be established. The gauge may, therefore, respond
asif the pressure is extremely low. This situation is detected by setting the shutoff limit at base
pressure.

To enter the disconnect pressure value, enter the following command:
@065<chan>:<pres>

where <chan> = the channel nhumber (1,2,...9,0)

<pres>= the disconnect pressure value, in ASCII, ranging from -1.0 to +0.001

To disable this feature, set the disconnect pressure valueto -1.0.

Note ":l 1. Thefactory configuration disables the ion gauge disconnect pressure
feature (the value for the disconnect pressureis-1). If you enable this
feature, ensure that your pressure signal is not excessively noisy in the
low end of itsrange. A noisy pressure signal may drop below the
disconnect pressure briefly causing the 186 unit to disconnect the
Sensor.

2. The 186 unit assumes that a gauge is disconnected if the pressure
reading is below the disconnect pressure value for three consecutive
readings.

Hot Cathode High Pressure Shutoff

This feature alows you to define a high pressure limit for a hot cathode gauge. The 186 unit will
power off a hot cathode gauge if its pressure exceeds the pressure limit. The gauge will not auto
power on again even if the pressure drops below the shutoff pressure. (Since the gaugeis powered
off, it cannot detect when the pressure drops below the shutoff pressure.) To power on the gauge
again, the pressure must be below the shutoff limit, and the hot cathode channel must be turned off
and then on again.

Caution w Valid pressurelimitsfor a hot cathode gauge range from 1 x 10
Torrtol Torr. Select the high pressurelimit carefully since a hot
cathode gauge can be permanently damaged if oxygen is present at
pressures above 0.01 Torr.
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Enter the following command to define the pressure limit:
@066<chan>:<pres>

where <chan> = the channel humber (1,2,...9,0)
<pres> = the pressure limit value, in ASCII (range 1 x 10 Torr to 1 Torr)

Internal Fast Rate of Rise Shutoff

This feature is built into the hardware of the 186 unit. If pressurerisesrapidly to alevel that
potentially could harm a hot cathode' s filament, the gauge is turned off and the responseto a
channel status command will indicate a*“bad sensor” status. For more information on the channel
status command, refer to Read Only Messages, page 108. The exact pressure limit is dependent
upon the type of gauge, but for most Bayard-Alpert tubesit is around 10 to 100 mTorr. To power
the gauge again, toggle the hot cathode channel off and then on again.

Theinitial setting for this feature is disabled.

Note ".I The factory configuration disables the internal fast rate of rise shutoff
¥ feature (the value for the disconnect pressureis-1). If you enable this
feature, ensure that your pressure signal is not excessively noisy. A fast
pressure increase due to noise may activate this feature and cause the 186
unit to turn off the gauge.

The following command sets the internal fast rate of rise shutoff:

@067<chan>:<state>

where <chan> = the channel humber (1,2,...9,0)
<state>= E for enabled; D for disabled
Channéd Units
Y ou can set the units for each individua channel using the units command:
@06C<chan>:<units>

where <chan> = the channel humber (1,2,...9,0)

<units>= aletter representing units(MT = mTorr; T = Torr;
PA = Pascal; MB = mbar)
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Cold Cathode Configuration Messages

The sensor configuration messages for a cold cathode gauge include setting the gauge correction
factor and the ion gauge disconnect pressure.

The 186 unit will accept and implement cold cathode specific RS-232 messages during the
initialization procedure.

Sensor | dentification
To verify that the 186 instrument has correctly identified the sensor type, enter:

@069<chan>?

where <chan> = the channel nhumber (1,2,...9,0)

The 186 instrument will respond with the same string, except the “?" will be replaced with
anumber to indicate the type of sensor:

8 for a cold cathode

Gauge Correction Factor

The cold cathode gauge requires that you enter a combined gauge and gas correction factor. This
factor is used as amultiplier, so it acts like a span adjustment factor. Increasing the gauge
correction factor increases the pressure reading. The gauge correction factor can range from 0.01
to 100. The default valueis 1.00.

To enter the gauge correction factor, issue the following command:
@064<chan>:<factor>

where <chan> = the channel humber (1,2,...9,0)
<factor>

the gauge correction factor, in ASCII
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Ion Gauge Disconnect Pressure

The ion gauge disconnect pressureis set at base pressure so that if the detected pressure drops
below this limit (often the result of a disconnected sensor), the response to a channel status
command will indicate a disconnected sensor. For more information on the channel status
command, refer to Read Only Messages, page 108.

Another use for this entry is to detect when the pressure has exceeded the limit at which an ion
gauge can reliably measure. A characteristic of al ion gauges is that when measuring at high
pressures (low vacuum), an ion current cannot be established. The gauge may therefore respond as
if the pressureis extremely low. This situation is detected by setting the disconnect pressure at
base pressure.

To enter the disconnect pressure value, enter the following command:

@065<chan>:<pres>

where <chan> = the channel humber (1,2,...9,0)

<pres>= the disconnect pressure value, in ASCII

To disable this feature, set the disconnect pressure valueto -1.0.

Note d 1. Thefactory configuration disables the ion gauge disconnect pressure
U feature (the value for the disconnect pressureis-1). If you enable this
feature, ensure that your pressure signal is not excessively noisy in the
low end of itsrange. A noisy pressure signal may drop below the
disconnect pressure briefly causing the 186 unit to disconnect the
Sensor.

2. The 186 unit assumes that a gauge is disconnected if it receives a
below threshold value for three consecutive readings.

Channéd Units
Y ou can set the units for each individua channel using the units command:
@06C<chan>:<units>

where <chan> = the channel humber (1,2,...9,0)

<units>= aletter representing units(MT = mTorr; T = Torr;
PA = Pascal; MB = mbar)
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Mass Flow Controller Configuration Messages

The range selection is the only sensor configuration command necessary for a mass flow controller
(MFC). Refer to Mass Flow Controller (MFC) Specific Messages, page 101, for more
information.

Sensor | dentification

To verify that the 186 instrument has correctly identified the sensor type, enter:

@069<chan>?

where <chan> = the channel humber (1,2,...9,0)

The 186 instrument will respond with:
@69C: 9
Range

Mass flow controllers are available in avariety of full scaleranges. Therangeisusualy listed on
the serial number label. Usethis entry to select MFC range; from 0.0002 sccm to 1 x 10° scem.
The default range is 1000 sccm.

To change the MFC range, issue the following command:

@061<chan>:<range>

where <chan> the channel number (1,2,...9,0)

full scale range of the MFC

<range>

Refer to Mass Flow Controller (MFC) Specific Messages, page 101, for acomplete list of
commands.

Channd Units

This command alows you to set the units for each individual channel. The flow unit sccm
(standard cubic centimeters per second) is default setting for an MFC channel.

@06C<chan>:<units>
where <chan> = the channel nhumber (1,2,...9,0)

<units> = aletter representing units ( S = sccm; L = slm; C = Celsius)

As an dternate, the MFC board can be used with some temperature gauges to report temperaturein
degrees Celsius (° C) instead of aflow rate. Enter a“C” in the <units> datafield.
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Alarm Assignment Messages

Each input channel can have up to two alarm relays assigned to it. The alarms assigned to each
channel arereferred to asalarm 1 and alarm 2 for that channel. Two alarm relays are provided on
the Auxiliary Output board. Refer to Alarm Messages, page 95, for more information on alarms.

Note ".I Each alarm relay (A through P) can only be assigned one input channel
¥ sincetheinput channel reading determines the relay state.

To assign aalarm relay to achannel asalarm 1, enter:

@O06A<chan>:<relay>

where <chan> = the channel humber (1,2,...9,0)
<relay> = theaam relay (A through P)

To assign an alarm relay to achannel asaarm 2, enter:

@06B<chan>:<relay>

where <chan> the channel number (1,2,...9,0)

the darm relay (A through P)

where <relay>

Note ".I The query will return an “X” if thereisno aarm assigned to the channel.
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Calibration Messages

Depending upon the type of sensor, calibration may involve adjusting the zero, the span, or both
the zero and span.

Sensor Calibration Parameters
Type of Sensor Zero Span to Reference. Span to Atmosphere
Capacitance Manometer | Yes No No
Pirani/Convection Yes Yes Yes
Cold Cathode No Yes No
Hot Cathode No No No
MFC Yes No No

Table 35: Sensor Cadlibration Parameters

Calibration Messages
M essage Description M essage For mat
@|Command|Command ID Data
Category | Number | (channd #)
Zero Channel @ 0| 5 1 1,2 3,4,5,86,
(command only) 7,8,9,0
Span Channel to @ 0| 5 3 1,2,3,4,5,6,| Sensortypemust bea
Atmosphere 7,890 Pirani/Convection
(command only) gauge.
Span with Reference (@] O 5 5 1,2,34,56,1:11,2,3,4,5,6,7,8,9,
(command only) 7,8,90 0
(reference channel #)

Zero On/Off @| 0 5 6 1,2,34,5,6,|:|/ON =0On

7,890 OFF= Off
Span On/Off @ 0 5 7 1,2,3,4,56,|:|ON =0On

7,890 OFF= Off
Enable Auto Zero @| 0 5 8 1,2,34,5,6,|:|E = Enable

7,890 D = Disable
SdlectAutoZero 1@ 0 | 5 9 |1,23456,:1,23456,7,809,
Reference Channel 7,890 0

(reference channel #)

Table 36: Calibration Messages
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How To Zero a Sensor

For pressure sensors, zeroing means adjusting the readout for the sensor. The zero point is the
pressure at which the instrument displays zero pressure. For Pirani type gauges and capacitance
manometers, the zero point is the output voltage at which zero pressure is referenced. 1on gauges
cannot be zeroed.

P Zero adjustment is an additive/subtractive
r process which moves a gauge's range up
e or down on the pressure axis.
s
s
u
r
e P —~ Zero should be lowered
~
R 7 Good Zero adjustment
e P .
P _ Zero should be raised
a
P -
~
d P P
0 - P -
u * -
t -
~
o -
l/ Actual Pressure (or other measured parameter)

Figure 12: Zeroing a Sensor

For mass flow controllers (MFC), the zero offset is subtracted from the MFC reading and added to
the set point output voltage. Thisis done to accommodate the internal PID control loop in an
MFC.

Note ".I 1. Beforezeroing an MFC, verify that there is no gas flow through the
. unit. Two ways to accomplish thisinvolve an upstream valve, or a
digital override (refer to Mass Flow Controller (MFC) Specific
Messages, page 101, for more information).

2. Tozero an MFC, the reading must be closeto 0.0. The 186
instrument will not perform the zero function if the reading deviates
from 0.0 by more than £10% of the full scale range of the MFC. For
example, for a 10 sccm unit, the reading must be 0.0 +1.0 sccm.
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Calibration Messages

1. Veify that the sensor is reading a value within the range listed
sensor, issue the following command:

@051<chan>

where <chan> = the channel nhumber (1,2,...9,0)

in Table37. Tozeroa

The system responds by zeroing the sensor on the selected channel. The reading of the

selected channel goes to zero.

Rangesfor Zeroing a Sensor

Sensor Type Zero Range*
Pirani and convection gauges Gauges can aways be zeroed
Type 120 Capacitance Manometer -0.8to +0.8 Volts
Linear Capacitance Manometer -0.3to0 +0.3 Voalts

lon gauges (Hot Cathode and Cold Cathode gauges)

Cannot be zeroed

Mass Flow Controller

-0.5to0 +0.5 Volts

*Use the Sensor Voltage (@603) command to read the
refer to Read Only Messages, page 108

voltage values;

Table 37: Rangesfor Zeroing a Sensor

Note ":I 1. Zeroing any sensor preempts the factory set

on page 88.
2. If thereis no sensor for the channel number

zero. Toreturn to the

factory set zero, use the command to toggle the zero on/off, described

selected, the system will

respond to a channel status command to indicate a disconnected
sensor. For more information on the channel status command, refer

to Read Only Messages, page 108.

3. If asensor's zero goes out of its normal range, the 186 unit will
respond to a channd status command to indicate an underranged or
overranged sensor. For more information on the channel status
command, refer to Read Only Messages, page 108.

lon gauges cannot be zeroed since they are high vacuum gauges.

5. For the MKS Type 120 gauge, the zeroing occurs in both the sensor
and in the 186 unit. If the Type 120 gauge cannot complete the
zeroing itself, the 186 unit completes the zeroing, provided the 120

gaugeiswithin £0.8 V of zero.

6. If the zero channel command (@051) is sent while the zero on/off
command (@056) is off, the zero is performed and the zero on/off

function is turned on.
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How To Turn the Zero On/Off

Once a sensor or MFC has been zeroed, use this procedure to toggle between using the factory-
defined zero value and the user-defined zero value. When the zero istoggled off, the 186
instrument does not apply the user-defined zero correction to the sensor/MFC reading. Toggling a
sensor’ s zero on and off is useful as adiagnostic aid, or as atransducer calibration check.

1. Issuethefollowing command to disable (toggle off) the user-defined zero:
@056<chan>:OFF
where <chan> = the channel humber (1,2,...9,0)

The system bypassed the user-defined zero of the sensor on the selected channdl.

Note ":l 1. For Pirani gauges, the factory-set zero becomes effective.

2. For Type 120 capacitance manometers, the zero is bypassed in both
the sensor and the 186 unit.

2. Toenable (toggle on) the user-defined zero, issue the following command:

@056<chan>:ON

where <chan> = the channel humber (1,2,...9,0)

The system restores the channel’ s user-defined zero.

Note ":l 1. For Pirani gauges, the 186 unit restores the user-defined zero when the
sensor zero istoggled on.

2. For Type 120 capacitance manometers, the zero is restored in both the
sensor and the 186 unit.

88



Chapter Four: Operation Calibration Messages

How To Span a Pirani-Type Sensor to Atmosphere

Spanning a Pirani-type sensor should only be done at atmosphere. Spanning is done to adjust the
upper range of the gauge which may have drifted due to contamination or aging of the sensor.
Figure 13 shows the effect of spanning a Pirani-type sensor. The span adjustment requires the gas
type to be nitrogen and assumes a pressure of 760 Torr (atmospheric pressure), as its reference.
The gauge will report 760 Torr when spanned. The spanning method is usually sufficient to bring
the spanned gauge' s readings within its stated measurement accuracy. If thisis not the case, span
the gauge with areference (refer to How To Span a Sensor with a Reference, page 90).

Note ".I 1. Spanning aPirani sensor preempts the factory set span. To refurnto
. the factory set span, turn off the span function. Refer to How To
Turn the Span On/Off, page 91.

2. A Pirani sensor cannot be spanned if helium (He) or argon (Ar) isthe
gas type chosen. The gas must be nitrogen (N,).

Spanning adjusts the slope of a gauge's
Pressure versus Actual Pressure (or other
measured parameter) line.

- c wwnwo-=T7

New slope

— \Original slope of Channel
to be Spanned

Q@ > oo o3

Actual Pressure (or other measured parameter)

Figure 13: Spanning a Pirani-Type Sensor

e To span a Pirani-type sensor, issue the following command:

@053<chan>

where <chan> = the channel nhumber (1,2,...9,0)

The system responds by spanning the Pirani-type sensor on the selected channel.

89



Calibration Messages Chapter Four: Operation

How To Span a Sensor with a Reference

This procedure spans one sensor based on the reading of areference sensor. This makes the upper
pressure reading of the spanned gauge agree with the pressure reading of the referenced gauge.
Spanning is done with two sensors that are well within their measurement ranges.

Caution w This command is not supported in firmware version 1.2x.

Spanning adjusts the slope of a gauge's Pressure versus Actual Pressure
= (or other measured parameter) line.
;
e
S Reference Point
s
u
r
e
R
e New slope
a
d
i
n
g Original slope

Actual Pressure (or other measured parameter)

Figure 14: Spanning a Sensor with a Reference

Note ":l 1. Pirani gauges must be reading above 100 Torr, and the reference
channel must be within a decade of the Pirani channe for avalid span.

2. When spanning a Pirani gauge, the reference sensor can be anything
except anion gauge. Thisincludes another Pirani.

3. For asuccessful span of an ion gauge, the reference must be a
capacitance manometer. The capacitance manometer must be at |east
a decade above its zero, reading within one decade (%) of the
unspanned ion gauge, and reading at or below 10 mTorr.

4. This procedure does not apply to capacitance manometers.
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1

Issue the following command to span a sensor to a reference sensor:

@055<chan>:<ref>
the channel number (1,2,...9,0)
the reference channel number (1,2,...9,0)

where <chan>

<ref>

The system responds by spanning the sensor on the first channel to the reading of the
sensor on the second channel.

How To Turn the Span On/Off

Once a sensor has been spanned, use this procedure to toggle between using the factory-defined
span vaue and the user-defined span value. When the span is toggled off, the factory-defined span
isused. Table 35, page 85, lists the sensor types that support the span command.

1

Note ".I This procedure does not apply to capacitance manometers.
J

Issue the following command to toggle off the span. This will disable the user-defined
span vaue and use the factory-defined span value.

@057<chan>:OFF

where <chan> = the channel nhumber (1,2,...9,0)

The system bypasses the user-defined span for the sensor on the channel selected.

To use the user-defined span value (toggle on the span) issue the following command:
@057<chan>:ON

where <chan> = the channel humber (1,2,...9,0)

The system restores the channel’ s user-defined span.
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How To Turn Auto Zeroing On/Off

The Auto Zero feature uses one channel (defined as the reference channel) to automatically zero a
second channel (defined as the selected channel). The 186 unit continually zeros the selected
channel aslong as the reference channel’ s pressure is below the selected channel’ s minimum
resolution. The 186 unit suspends the zeroing operation during the first 10 seconds after the
reference channel is turned on, and whenever the reference channel’ s condition is not measuring.

The Auto Zero function overrides any user-defined zero previously set. Entering a new user-
defined zero overrides the effects of the Auto Zero function. The 186 unit uses the last zero
defined (by Auto Zero or user-defined) when the Auto Zero feature is disabled.

Configuring the Auto Zero function is atwo step process. First, you must select the channel to be
auto zeroed and the reference channel. A second command enables or disables the Auto Zero
function.

1. Thefollowing command selects the Auto Zero and reference channels:

@059<chan>:<ref>

where <chan> = the channel humber (1,2,...9,0)

<ref> the reference channel number (1,2,...9,0)

2. Toenable the Auto Zero function, issue the following command:

@058<chan>:E

where <chan> = the channel humber (1,2,...9,0)
E =Enable (D = Disable)

The system responds by enabling the Auto Zero function.
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Analog Output Messages

The 186 instrument provides one built-in analog output, available on the Power connector. The
analog output is referred to as analog output 1; it does not occupy a channel number. Refer to
Table 27, page 59, for the Power connector pinout.

Y ou can program the output as either linearly scaled (LN), logarithmically scaled (LO1 - LO9), or
asaset point (SP). Table 38, page 94, lists the analog output command messages.

Linear Scaling

In linear scaling, the 0 to 10 Volt output is directly proportiona to the pressure of the selected
input channel. The voltage versus pressure curveis linear over its entire length. Refer to
Figure 15 for a scalar representation of voltage versus pressure for a 1000 Torr transducer.

\ \ \ \ \ \ \ \ \ \ \
Volts 0 1 2 3 4 5 6 7 8 9 10

\ \ \ \ \ \ \ \ \ \ \
Torr o 100 200 300 400 500 600 700 800 900 1000

Figure 15: Voltage versus Pressure

Logarithmic Scaling

In logarithmic scaling, asin linear scaling, the full scale output of 10 V is made to correspond to
the pressure of the input channel. The voltage versus pressure curve is logarithmic over its upper
portion, and linear over its lower portion. The boundary between linear and logarithmic scaling is
determined by the selection of LO1 through LO9. The numerals 1 through 9 represent the number
of logarithmic decades in the output. Each logarithmic decade is equal to 1 Volt. Asan example,
you want the full scale voltage of 10 Voltsto correspond to 20 Torr, and you want three decades of
logarithmic output. To accomplish this, select LO3. Refer to Figure 16 for a scalar representation
of voltage versus pressure with three decades of logarithmic output.

Volts 0 1 2 3 4 5 6 7 8 9 10
Torr O 0.01 0.02 0.2 2 20
Scaling | linear 1 logarithmic —

Figure 16: Linear and Logarithmic: Voltage versus Pressure

Set Point

In the case of a set point, afixed voltage is output from the 186 unit. The value remains constant,
regardless of the pressure reading on the input channel. The set point voltage can range from -10.5
through 10.5 Volts.
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Analog Output M essages
M essage Description M essage For mat
@|Command |Command ID Data
Category | Number
Channel Output Type (@| 0 | 7 1 1 (analog |:|LN = Linear
OutpUt#) | || 010 LO9 =

LogltoLog9

SP = Set Point
Input Channel @ o| 7 2 1 (andlog |:|1,2,3,4,5,6,7,8,90
Selection output #) (channel #'s)
Full Scale Pressureat (@] 0 | 7 3 1 (analog |:|Vauein ASCII (using the
10V output or output #) units of the input channel)
set point output Range: 0.001 to 1000 Torr
voltage or -10.5t0 10.5 Valts

Table 38: Anaog Output Messages

How To Configure the Analog Output

1. Enter the pressure value corresponding to full scale voltage, OR, if you are using a set
point, the voltage for the set point (-10.5 to 10.5 Volts). Use the following command:

@0731:<pres>
where<pres> = an ASCII number representing either:

the full scale pressure (0.001 to 1000 Torr), or
the set point voltage (-10.5 to 10.5 Volts)

2. To select the output scaling method, issue the following command:

@071:<scale>

where<scae> = LN for linear
LO1toLO9for Log1ltolLog9
SP for Set Point

The system defaultsto 5 Voltsif the set point is greater than 10.
3. Select the input channel that supplies the input signal for scaling.

@0721:<input>

where <input> = the channel number (1,2,...9,0)
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Alarm Messages

The Auxiliary Output board provides two relays that can be used as darms. The 186 unit supports
up to eight Auxiliary Output boards (or sixteen relays). Refer to Table 34, page 74, for the
command to assign the alarm to achannel. Up to two alarms can be assigned to a sensor channel,
which alows you to define an upper and lower operating range.

Overview of Alarms

From a design viewpoint, the alarms provided by the Auxiliary Output board consists of several,
single pole, double throw relays.

From an operational viewpoint, the alarm system consists of user-defined alarmtrip points, and
user-defined relay actuation states. Alarm trip points are set, and individua alarms can be enabled
or disabled. To understand how to configure the alarm relay system in the 186 unit, it is necessary
to understand what an alarm condition means. In the 186 instrument, an alarm condition exists
when pressurerises abovethe alarm trip point pressure.

Thefirst alarm relay parameter to set up is the relay actuation state. Actuation and deactuation
simply refer to how an alarm relay is configured during a non-alarm condition. Individual alarms
must be assigned an actuated or deactuated state. If arelay is set up as a deactuated relay and an
alarm condition arises, the relay will respond as shown in Figure 17.

Relay B Common /

(Pin 9)

Normally Open (Pin 4)

Normally Closed (Pin 5)
Figure 17: Relay B During an Alarm Condition, when configured as a Deactuated Relay

If arelay is set up as an actuated relay and an alarm condition arises, the relay will be configured
as shown in Figure 18.

Normally Open (Pin 4)

Relay B Common

(Pin 9) \

Figure 18: Relay B During an Alarm Condition, when configured as an Actuated Relay

Normally Closed (Pin 5)

Note ".I Therelays in the 186 unit do not support latching!
J

Therelaysin the MKS Type 146 Cluster Gauge Vacuum Measurement
and Control System, differ from those in the 186 unit in that they support
alatching feature. A relay with the latch feature enabled will hold the
alarmed position after the alarm condition no longer exists. Therelay
must be manually unlatched to assume the non-alarm position.
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Refer to Tables 23 and 24, page 56, for the pinout of the relay connectors.

Default Settings of the Trip Point Alarms
Parameter Default Setting
Alarm State Disabled
Trip Point Vaue O Torr
Hysteresis Vaue 10%
Input Channel 1
Actuation State Actuated

Table 39: Default Settings of the Trip Point Alarms

Alarm Condition

An alarm condition occurs when a channel’ s pressure reading goes over the alarm trip point plus
hysteresis. When an aarm condition arises, the alarm relay condition changes. That is, if the relay
contact was open, it changes to closed.

Hysteresis

Hysteresisis built into the operation of the alarm relays to help compensate for the noise inherent
in all systems. Without hysteresis, the noise may cause the relays to repeatedly switch states, a
condition known as “relay chatter.” The hysteresis value is specified as a percentage of the trip
point pressure, and can be adjusted separately for each relay.

Setting the hysteresis too high creates a deadband around the trip point. The deadband prevents
the alarm relay from responding to changes in the pressure signal around the trip point. Ideally,
the hysteresis should be close to, but not less than, the peak-to-peak noise to provide maximum
immunity from relay chatter while providing the best possible accuracy. It may take sometria
and error efforts to determine the best hysteresis setting for your system.

When an alarm is enabled, the pressure of the sensor on the input channel must rise above the trip
point value plus the hysteresis value before an alarm condition occurs. The pressure of the sensor
must fall below the trip point value minus the hysteresis value before the alarm condition clears.

Figure 19, page 97, shows how noise effects a system. The figure uses a system in which the relay
is actuated when the pressure falls below the trip point setting.
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Alarm Messages

Relay State

Actuated

Deactuated  — — —

The noise in a system can cause the
pressure signal to vary back and forth
across an alarm trip point, causing the
relay to repeatedly change state. This
condition is known as relay chatter.

0 F.S.
Pressure
Relay State . By incorporating hysteresis in the control
Noise -
Actuated > > loop, relay chatter can be eliminated. |If
=< = the hysteresisistoo great, however, a
Deactuated | — — — —<¥— < deadband develops where changesin the
Dead band | pressuresignal around the trip point do not
> trigger a change of relay state.
0 F.S.
Pressure
Relay State overlansi To avoid the inaccuracy which results from
veriappin : :
Actuated - peak_tg’_%egk too much hysteresis, the hysteresis may be
= noise reduced. Too little hysteresis, however,
Deactuated | — — = may not be enough to overcome relay
chatter.
0 F.S.
Pressure
Relay State Ideally, the hysteresis should be as close
Actuated - to, but no less than, the peak-to-peak
g;% noise. This setting will provide maximum
Deactuated | . == immunity from relay chatter while
Hyst i Peak-to-peak - .
ys ere&%noise Iev'?al providing the best possible accuracy.
0 F.S.

Pressure

Figure 19: Examples of Noisein a System

Example: How To Configure An Alarm to Trip Low

Assume that you must configure an alarm to trip when the pressure drops atmospheric pressure
(typically 760 Torr); at pressures above one atmosphere the alarm should be off. Enter 760 as the
trip point pressure. With the hysteresis set at 1% the deadband region is from 752 to 768 Torr.
This means that the pressure must drop below 752 Torr before the alarm will trip. Conversely, the
pressure must rise above 768 Torr before it will turn off. Set the relay actuation state to deactuated
so that the alarm will be off when the pressureis above 760 Torr. Once the pressure drops below
752 Torr, the darm state changes to actuated.
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Alarm M essages

M essage Description

M essage For mat

@|Command |[Command ID Data
Category | Number

Alarm Enable/Disable (@| O 1 1 Alarm letter |:|E = Enabled
(A, B, C, D, .,
EF G H. D = Disabled
I,J K, L, Default setting is
M, N, O, P) | |disabled

Trip Point Value @l O 1 2 Alarm letter |:|-100000 to +100000
(A,B,C,D,| |Torrinclusive
E,FGH, -
3K L, Default valueis 0.0
M, N, O, P)

Hysteresis Vaue @ O 1 3 Alarm letter |:|0 to 10% inclusive
(A, B, C,D, 100
E F G, H, Default valueis 10%
l,J K, L,
M, N, O, P)

Relay Actuation State (@| O 1 4 Alarm letter |:|A = Actuated
(A, B, C, D, _
E F G, H, D = Deactuated
I,J K, L, Default setting is
M, N, O, P) | |actuated

Table 40: Alarm Messages

Note ".I 1. Besurethe both the sensor and the input channel to the alarm are
. turned on. You will not be able to configure the alarm unless the
input channel isturned on.

Refer to Sensor Configuration Messages, page 73, to assign an alarm
to achannel.

Each alarm relay (A through P) can only be assigned one input

channel since the input channel reading determines the relay state.
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How To Configure an Alarm

1. Assigntheaarm to an input channel. Each channel can have two alarms, alarm 1 and
alarm 2, set by independent commands.

Note ".I Each alarm relay (A through P) can only be assigned one input channel
¥ sincetheinput channel reading determines the relay state.

Alarm 1: @O06A<chan>:<alarm>

Alarm 2: @06B<chan>:<alarm>
the channel number (1,2,...9,0)
the alarm letter (A through P)

where <chan>

<adarm>

Note ".I The query to these commands will return an “X” if no darm is assigned
to the channel.

Refer to Sensor Configuration Messages, page 73, for more information.

2. Enablethe alarm by sending the following command:

@01l<alarm>:<state>
where <alarm> = the channel number (1,2,...9,0)
<chan> = E for enabled; D for disabled

3. Issuethe following command to set the trip point value:

@012<alarm>:<pres>
where <alarm> = the channel number (1,2,...9,0)

where<pres> = the pressurevaue, in Torr

4. Set the hysteresis value for each relay, with the command:

@013<alarm>:<hyst>
where <darm> = the aarm letter (A through P)
<hyst> = the hysteresis vaue (0 to 10%, inclusive)

5. Set the relay actuation state with the following command:

@014<alarm>:<state>
where <darm> = the aarm letter (A through P)
where <state> = the actuation state, either A for actuated or D for deactuated
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Example: Assigning Two Alarmsto One Channel

Assume you need to set an upper and lower operating range for a capacitance manometer reading
pressure in your process. The upper range is 80 Torr and the lower range is 50 Torr. Y ou have
one Auxiliary Output board, which provides the two relays. When the pressure deviates from the
operating range, the appropriate alarm must be activated.

1. Assignaarm A asaarm 1 for to input channel 1:

@OBALA

2. Assigndarm B asadarm 2 for to input channel 1:

@06BL:B

3. Enablethe aarms by sending the following commands:
@O011A:E
@011B:E

4. Alarm A will monitor the upper operating limit, in this case, 80 Torr. Issue the following
command to set the trip point value for alarm A:

@012A:80

5. Alarm B will monitor the lower operating limit, in this case, 50 Torr. Issue the following
command to set the trip point value for alarm B:

@012B:50

6. Settherelay actuation state for dlarm A. This alarm monitors the upper limit, so we want
the relay to be actuated when the darm is tripped. Send the following command:

@014A:A

7. Settherelay actuation state for alarm B. This alarm monitors the lower limit, so the
normal operating range requires that pressure remain above this trip point value.
Therefore, we want the relay to be deactuated when the alarm istripped (since the alarm is
tripped when the pressure exceeds the trip point value). The alarm will actuate if the
pressure drops below the trip point value. Send the following command:

@014B:D
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Mass Flow Controller (MFC) Specific Messages

The MFC board allows the 186 instrument to communicate with mass flow controllers (MFCs) to
regulate the flow of gasinto asystem. The 186 instrument can operate in either set point, totaling,
or ratio flow control mode.

Set Point Mode of Operation

When using the Set Point mode of operation, the 186 instrument sends out a voltage corresponding
to a user-defined set point (in sccm). The set point voltage takes into account any zero offset
which may have resulted from zeroing the MFC, to ensure that the MFC controls to the desired
flow rate. Up to eight MFCs can be operated by the 186 instrument. Each MFC operating in Set
Point mode has a set point value assigned to it; the range is from -10 to +220% of full scale. Refer
to How To Use the Set Point Mode, page 103, for configuration instructions.

Totaling Mode of Operation

When using the Totaling mode of operation, two MFCs operate in conjunction with each other.
One MFC (defined as the co-channel), operates according to afixed set point. The other MFC,
defined as the totaling MFC, adjusts its output voltage to maintain a user-defined total flow rate
(set point) for the system. The set point can range from -10 to +220% of full scale. For example,
you want to maintain aflow rate of 100 sccm. Enter a set point of 100 sccm and set the co-
channel to afixed flow rate of 20 sccm. The totaling MFC will subtract 20 (flow rate of the co-
channel) from 100 (the set point) and adjust its voltage to produce a flow rate of 80 sccm.
Therefore, the total flow rate will be 100 (20 + 80). Aswith the Set Point mode of operation, the
186 instrument accounts for any zero offset. Refer to How To Use the Totaling Mode, page 104,
for more information.

Ratio Flow Control Mode of Operation

In Ratio control mode, the 186 instrument is capable of controlling up to seven MFCs. The Ratio
mode uses a virtual control channel to execute the PID control agorithm and achieve the desired
gasratio. Thevirtual control channel (control channel 0) is present even if no Control Board is
installed. The 186 instrument cal cul ates the control signal to correct the gas ratio and sends the
signal to al MFCs configured for Ratio control.

Two possible control methods exist within Ratio mode: control with a pressure measuring control
channel, and control with aflow measuring (MFC) control channel.

Theratio controllers maintain the gasratio, and the 186 instrument maintains the absol ute
pressure by controlling the total flow.

Essentially, the Ratio mode of operation scales and proportions the 0 to 10 Volt control signa
among the MFCs configured for Ratio mode, based on their chosen ratio set points. The set points
can range from 0 to 200%. Since most MFCs accept a0to 5 Volt signa, the control signal for a
given MFC is aways scaled by Y%, then multiplied by the ratio set point percent:

MFC control signal = %2 (control signal)(ratio set point %/100)
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Example 1: Assume you have two MFCs configured for ratio control and you change the control
set point (in the designated recipe) to 100%. Each MFC has a set point of 50%. The PID control
algorithm determines that full scale flow is required to meet the new set point, so the equation
becomes:

MFC control signal = %2 (10 Volts)(50%/100) = 2.5 Volts

Each MFC would receive a 2.5 Volt control signal.

Example 2: If the control algorithm determined that the change necessitates a 60% flow rate, the
equation becomes:

MFC control signa =%z (6 Volts)(50%) = 1.5 Volts

Each MFC would receive a 1.5 Volt control signal.

Example 3: Assume that you have three MFCs with ratio set points of 10%, 30%, and 60%. The
PID algorithm determines that a 75% control signa is required to meet the control set point. The
186 instrument cal culates the control signal for each MFC:

MFC 1 = % (7.5 Volts)(10%) = 0.375 Volts
MFC 2 = % (7.5 Volts)(30%) = 1.125 Volts
MFC 3= % (7.5 Volts)(60%) = 2.25 VVolts

Thetota control signa is3.75 Volts (75% of 5 Volts).

Refer to How To Use the Ratio Flow Control Mode, page 105, for more information.

Pressure Measuring Control

When using a pressure measuring control channel, up to three MFCs can be configured to function
in a pressure control loop. In this case, the total flow of the three MFCs determines the pressure,
however, the percent of gas through each MFC remains constant. For example, if the ratio set
points for the three MFCs are 30%, 30%, and 40% and pressure rises in the system, the gas flow
through each MFC decreases but the 30%, 30%, 40% relationship remains intact.

Flow Measuring Control

When using a flow measuring control channel, an MFC channd is selected as the control input
channel. The Ratio mode MFCs follow the controlling MFC with their respective proportions of
flow as set by their Ratio mode set points.
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Mass Flow Controller Specific M essages

M essage Description M essage For mat
@|Command |Command ID Data
Category | Number
Mode of Operation @ 1 0 1 1,2 3,4,5, |:|S= Set Point
6,7,890 | |T=Totding

4
9

(channel #) R = Ratio
4

Adjust Set Point @ 1| O 2 1,2,3,4,5 |:|ASCII value
(analog output) 6,7,8,9,0 | |SP& Totding:
(channel #) -10 to 220% FS
Ratio: 0 to 200% FS

Totaling Co-channel  |@| 1 0 3 1,2,3,4,5, (:11,2,3,4,5,6, 7, 8,
6,7,890 9,0
(channel #) (co-channel #)
Open/Close/Cancel @ 1 0 4 1,2,34,5, [:/O=0pen
Override 6,7,8,90 | |C=Close

(channel #) N = Cancel

Table 41: Mass Flow Controller Specific Messages

How To Use the Set Point Mode

To configure the 186 instrument to operate in the set point mode, you must specify set point
control, and enter the set point value.

1. To operatein the set point mode, enter the following command:
@101<chan>:<mode>

where <chan> = the channel nhumber (1,2,...9,0)

<mode> = the operating mode ( S = set point; T = totaling; R = ratio)

2. To enter the set point value, issue the following command:

@102<chan>:<mode>
where <chan> = the channel nhumber (1,2,...9,0)
<value> = the set point value, -10 to 220% full scale

The set point signal is sent out on pin 8 of the MFC connector. Refer to Table 16, page
49, for the complete pinout of the MFC connector.
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How To Use the Totaling Mode

To operate in totaling mode, you must select the totaling mode, assign a co-channel, and specify
set point values for both the totaling channel and the co-channel. The channel entered as the
parameter in the command string is assigned as the totaling channel. Refer to Totaling Mode of
Operation, page 101, for more information.

1. To sdlect the totaling mode, enter the following command:

@101<chan>:T

where <chan> = the channel humber of the totaling channel (1,2,...9,0)
2. To select the co-channdl, enter the following command:

@103<chan>:<cochan>
where <chan> = the channel nhumber of the totaling channel (1,2,...9,0)

<cochan> = the co-channel number (1,2,...9,0)
3. To set the set point value of the totaling channel, issue the following command:
@102<chan>:<value>

where <chan> the channel number of the totaling channel (1,2,...9,0)
<value> = the set point value, -10 to 220% full scale

3. To set the set point value of the co-channel, issue the following command:

@102<cochan>:<value>
where <cochan> =the channel number of the co-channel (1,2,...9,0)
<value> = the set point value, -10 to 220% full scale
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How To Use the Ratio Flow Control Mode

Configuring the 186 instrument to operate under ratio control is atwo step process. First, you
must select ratio control and configure al the desired MFC channels to use ratio flow control. Use
the MFC set point entry to enter the ratio for each flow controller. Second, to implement PID
control you must configure the parameters for Control channel 0. (Use the set point entry in the
designated recipe to set the overall flow rate as the control set point.) Control channel O functions
asavirtual channel because it does not require an actual Control board. The 186 controller
reserves Control channel O as the controller for ratio control.

1. To select theratio control, enter the following command:

@101<chan>:R

where <chan> = the channel humber (1,2,...9,0)

2. Enter theratio for each MFC using the set point entry using the following command:

@102<chan>:<value>
the channel number (1,2,...9,0)
the set point value, 0 to 200% full scale

where <chan>

<vaue>

3. Enter dl the control parameters (such as the input channel and the control set point)
described in Chapter Sx: Operation of the Control Board, page 129, using Control
channel 0. Control channel 0 sends the control signalsto al the MFCsin ratio mode.

MFC Override Commands

Y ou can command the MFC to either the full open or full closed position. The MFC moves to the
commanded position within two seconds. This command overrides any mode ( ratio, set point or
totaling). Issue acancel command to resume operating under the previous mode.

To issue an open override command, enter:

@104<chan>:<over>
the channel number (1,2,...9,0)
defines the action ( C = Close; O = Open; N = Cancel)

where <chan>

<over>

Note ".I The close override provides afully closed position, and in most cases, it
¥ can be used to zero the MFC (since it results in zero flow).

To Cancdl An MFC Override Command

When you issue a cancel override command, the system responds by removing the open or close
override for the MFC on the selected channel. The MFC then performs as if no override had been
issued.

105



Miscellaneous M essages Chapter Four: Operation

Miscellaneous Messages

Table 42 lists the miscellaneous messages avail able.

Miscellaneous M essages

M essage Description M essage For mat
@|Command |Command ID Data
Category | Number
Select Pressure Units (@] 5 0 3 * T =Torr
P = Pascdl
B = mbar

Theinitia setting is Torr.

Leak Rate Period @ 5 0 7 * > |1 to 60 seconds
Default is 1 second.

Response Format @ 5 0 8 * . |E = Scientific
D = Fixed

The default is fixed.

* indicates any character, including a blank space

Table 42: Miscellaneous Messages

Note ".I All commands must include an ID byte, even if it has no significance.
¥ You can enter any character, including a blank space, in its place.

How To Set the Pressure Units

To set the pressure units to mbar, enter the following command:

@503%:B

where ® = represents a blank space
B= mbar; P = Pascal

The factory setting is Torr.
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How To Set the Leak Rate Period

The 186 instrument can calculate the leak rate of a system to which a sensor is attached. The leak
rate reflects the change in pressure over a user-defined time period, expressed as pressure units per
second. For example, if the pressureis measured in Torr and you have selected atime base of 30
seconds, the leak rate will be reported as Torr per 30 seconds. The leak rate period entry is global
and appliesto all channels.

The leak rate is calculated as a moving average using the most recent measurements. The 186
instrument continually replaces the oldest value with the latest value and recal cul ates the new leak
rate. Initialy, when you enter the lesk rate period, you must wait until the time period has elapsed
before querying the 186 instrument to report the leak rate.

Therangeisfrom 1 to 60 seconds; the default valueis 1.

To determine the leak rate, you must first specify the time period, for example, 30 seconds:
@507°:30
where ® = represents a blank space
To request the leak rate on channel 5, enter:
@6065?
Following the example above, the 186 instrument responds with:
@065: 2
This response indicates that a 2 Torr difference in pressure has occurred over 30 seconds.

How To Select the Response Format

The 186 instrument can send its response messages in either scientific notation or fixed notation.
The factory setting is fixed notation. To configure the 186 unit to respond in scientific notation,
issue the command:

@508%:E

where ® = represents a blank space
E = for scientific notation (D selects fixed notation)

The factory setting is fixed notation.

Note ".I Y ou must re-issue this command after each power up sinceit is not stored
¥ a power down.
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Read Only Messages

Read only messages, listed in Table 43, request information from the 186 instrument. Y ou cannot
change the value or setting of any read only parameters.

When the 186 unit accepts a read only message it will report the last value read. |If the gauge has
been turned off, the request will return the last value reading performed. If no measurement has
been made (for example, the gauge was never turned on) the request will return 0.0.

Read Only M essages

M essage Description M essage For mat
@|Command|Command ID Reported Data
Category | Number
Channel Reading— |@| 6 | O 1 1,2,3,4,5 | ASCIl vaue of the
gauge must be on 6,7,8,9 0 | channel reading
(reports reading only) (channe! #)
Channel Reading with |@| 6 | 0 2 1,2,3,4,5 | ASCII vaueof thetime
Time Stamp— gauge 6,7,8,9 0 | stamp (the number of
must be on (channel #) milliseconds since the
sensor was turned on)
and the channel reading
Sensor Voltage @ 6| 0 3 1,2,3,4,5 | ASCIl vaue, inVolts
(not valid for hot 6,7.890
cathode gauges) (channel #)
Sensor lon Current  |@| 6 | O 4 1,2,3,4,5 | ASCIl vaue, in Amps
(only appliesto hot 67,890
and cold cathode (channe! #)
gauges)
Sensor Emission @ 6| 0 5 1,2,3,4,5 | ASCIl vaue, in Amps
Current 6,7,890
(only appliesto hot (channe! #)
cathode gauges)
Pressure Leak Rate- |@| 6 | O 6 1,2,3,4,5 | ASCII vaue, in pressure
gauge must be on 6,7,8090 units per seconds
(channel #)

Table 43: Read Only Messages

(Continued on next page)
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Read Only M essages (Continued)

M essage Description M essage For mat
@|Command|Command ID Data
Category | Number
Channel Status @ 6| 0 8 1,2,3,4,5| A=0n
67890 B =Low power degas
(channel #) C =Underranged
D =Overanged
E =Manually off
F = Auto off
G =High power degas
H =Initiaizing
| = Zeroing
J= Bad sensor
K =Disconnected
L =Channel not
installed
Power Up Status @ 6| 0 9 Any Refer to Table 44,
character page 112.
Alarm Status @ 6| 0 B Alarm ID (A| E =Enabled
toP) D =Disabled
T =Tripped

Table 43: Read Only Messages
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How To Report the Channel Reading

The report channel reading (@601) command reports the current pressure reading. |If the gauge has
been turned off, the request will return an error (E112). It is better practice to use the Channel
Status command (@608) to report the channdl’ s pressure since it reports the status of the channel
aswell.

How To Report the Channel Reading with Time Stamp

The 186 instrument can report the channel’ s reading with atime stamp. A 16-bit counter tracks
the elapsed time in milliseconds, with aresolution of 10 milliseconds. The counter increments by
ten counts every 10 milliseconds, until it reaches a count of approximately 24 days. To calculate
the elapsed time between readings, subtract the time stamp of the first reading from the time stamp
of the second reading.

If the pressure reading is within range, the response reports the pressure reading and the time
stamp. When the pressure reading is out of range, the response reports the time stamp only.

To report the channd reading on channel 3 with time stamp, enter:
@6023?

the 186 instrument responds with:
@023:[4261] +133 <CR>

to indicate a pressure of 133 at the time equivalent to 4261 counts.

The next time you check the reading with time stamp, the 186 instrument responds with:
@023:[18784] +129 <CR>

The time between the readings is:

18784 - 4261 = 14523 counts
Therefore, the time elapsed between readings is approximately 14.5 seconds.

How To Check the Sensor Parameters (Voltage, lon Current, and Emission Current)

The channel voltage (@603), ion current (@604), and emission current (@605) messages are
provided for diagnostic purposes. These commands enable you to verify that the sensor is working
since the 186 instrument reports the actual value of the parameter at the measured pressure.

Assume you have a capacitance manometer with a0 to 10 Volt full scale output, connected to
channel 3. To report the sensor voltage, enter:

@6033?

Assuming the sensor was at 50% of full scale, the response would be:
@033: 5<CR>

How To Query the Pressure Leak Rate
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The 186 unit can report the pressure leak rate for any sensor. Refer to Miscellaneous Messages,
page 106, for a description of the leak rate period and report leak rate messages.

How To Check the Channel Status

Note ".I This request is the recommended method to use to check the channel
. reading since the response indicates whether the gauge is working.

The channel status message reports the channdl’ s status. If the channdl is currently on or currently
performing alow power degas, it will report the pressure. The response will indicate one of
severa sensor conditions. Use the channel status message to check the channel pressure:

@608<chan>?

where <chan> = the channel nhumber (1,2,...9,0)

The 186 instrument responds with:
@08C: <st at us><r eadi ng><CR>

where<st at us>is. = A for On
B for Low power degas
C for Underranged
D for Overranged
E for Manually off
F for Auto off
G for High power degas
H for Initializing
| for Zeroing
Jfor Bad sensor
K for Disconnected
L for Chan not installed

<readi ng>is. =anempty fied unless <status> is A (on) or B (low power degas),

then this field contains an ASCI|I string representing the
channel’sreading
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How To Check the Power Up Status

The LED on the front panel will remain red should the 186 instrument encounter a power up
problem. Use the power up status message to report the cause; either a configuration, calibration,
or memory problem. To query the power up status enter:

@609°?

where ® = represents ablank space

the 186 instrument responds with:
@09°® : <XX><CR>

where ® = represents ablank space
<XX> = represents the status, in a hexadecimal number, as described in
Table 44
Responseto a Power Up Status Message
Bit Value (in Hexadecimal) Cause
g 00 No Errors
0 01 Bad Factory Calibration
1 02 Bad User Configuration
2 04 Bad Power Down Vaues
3 08 New Configuration
4 10 Bad ROM (Read Only memory)
5 20 Bad RAM (Random Access memory)
6 40 Reserved
7 80 Reserved

Table 44: Response to a Power Up Status Message

The response values are additive, so that one response reports all power up problems. The
response consists of two Hex digits such that each bit corresponds to a specific status message.
For example, aresponse of 28 (hexadecimal) indicates that the unit has detected a new
configuration (08) and a RAM problem (20). If bad power down vaues (04) were detected as
well, the response would be 2C (hexadecimal).

Bad Factory Calibration: Cycle the power to restart the 186 unit. If the error re-occurs, return the
unit to MKS for service.

Bad User Configuration: Cycle the power to restart the 186 unit. If the error re-occurs, you must
reprogram the unit. All the user-defined entries have assumed the default values.
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Bad Power Down Values: Cycle the power to restart the 186 unit. This error indicates that the
186 unit did not save the information upon power down. Y ou may need to reprogram the unit.

New Configuration: This error occurs whenever the configuration of the unit changes, such as
adding or removing aboard. Power down the 186 unit so that it stores the new configuration.
When you restart the 186 unit the error should not reappear.

Bad ROM: This error reports a problem with the Read Only Memory. Send the unit back to MKS
for service

Bad RAM: This error detects a problem with the Random Access Memory. Send the unit back to
MKS for service.

How To Check the Alarm Status
The 186 instrument will report the status of an alarm in response to the following request:

@60B<alar m>?
where <darm> = the aarm letter (A through P)

the 186 instrument responds with:
@0B<al ar nP: <st at e><CR>
where <darm> = the alarm letter (A through P)

<state>= D if thealarm is disabled
A if thealarm is enabled but not tripped
T if thealarm is enabled and tripped
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Diagnostic Messages

If you encounter a problem operating the 186 unit, the first step you should take is to issue a power
up status query. Refer to How To Check the Power Up Status, page 112, for more information.

The messages in this category provide diagnostic information about the 186 instrument. These
messages consist of requests only; there are no commands associated with these messages.

Diagnostic M essages
M essage Description M essage For mat
@|Command|Command ID Data
Category | Number
Software Version @ 9| 9 1 X Xx = software version
Instrument @ 9| 9 2 X 0 = Empty sot
Configuration 1 = Pirani board
(configured as a
single channel
board)
2 = Pirani board
(configured for
dua channel
operation)
3 = Hot Cathode board
4 = Capacitance
Manometer board
5 = MassFlow
Controller board
6 = Control board
7 = Cold Cathode
board
8 = Auxiliary Output
board

wherethe x in the ID field is any ASCII character, including a space

Table 45: Diagnostic Messages
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How To Check the Software Version

The 186 instrument will report the software version when it receives the following request:

@991°7

the 186 instrument responds with:
@P®91°® : x. xX. Xxx<CR>

where ® = isthe channel number (1,2,...9,0)

X.XX.XX = isthe software version number

How To Identify the Type of Boards Installed
To verify the type of boards installed in your 186 instrument, enter:

@992¢?

where ® = represents a blank space

The 186 instrument will respond with the same command except the “?’ will be replaced with:

Empty slot

Pirani board (configured as a single channel board)
Pirani board (configured for dual channel operation)
Hot Cathode board

Capacitance Manometer board

Mass Flow Controller board

Control board

Cold Cathode board

0
1
2
3
4
5
6
7
8 Auxiliary Output board

For example, if you have a Pirani board installed in slot 2 and two Hot Cathode boards installed in
slots 7 and 8, the response would be:

@92 . 01000033
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Chapter Five: Sensor Board Command Summary

General Information

This chapter organizes the RS-232 messages by the plug-in board type. It listsal the commands
necessary to operate each type of sensor. The plug-in boards covered include:

e Capacitance Manometer
* Pirani/Convection

» Cold Cathode

* Hot Cathode

* Mass Flow Controller

¢ Auxiliary Output

The commands in this chapter are arranged in four groups: power, configuration, calibration, and
status. A page reference for the section that describes each group, isaso included. Refer to
RS-232 Protocol, page 63, for an explanation of the message format. All messages, both
commands and requests, must end with a carriage return.

Note ".I The page references included in the following tables refer to the section
¥ which describes the group of commands. Each command is discussed
individually within that section.

Chapter Four: Operation, page 61, organizes the commands by functional type, and provides a
complete description of each command.

Chapter Sx: Operation of the Control Board, page 129, discusses operating a Control board.
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Capacitance Manometer Messages

The 186 unit supports Type 120 and linear capacitance manometers.

Note o  The<id> parameter in al messages, identifies the channel number
IE
(1,2..90).
Capacitance Manometer M essages
Function Description Command Range and Restrictions Page Ref
Power Channdl Power @081<id>:<state> | <state> isON for on 68
OFF for off
Sensor must be installed.
Configuration | Sensor Type @069<id>"? Request only reports: 73
0=Type 120
2 = linear cap. Manometer
Sensor must be powered on.
Capacitance @061<id>:<fs> <fs> From 0.001 to
Manometer Range 100,000 Torr equivaent.

Sensor must be installed.

Sensor Resolution

@062<id>:<res>

<res> ASCII valuethat
represents the resolution as
apower of 10. Valid range
isfrom+7to-7.

Sensor type must be linear
or Type 120.

Units for Channel

@06C<id>:<units>

<units> MT = mTorr
T = Torr
PA = Pascd
MB = mbar
SC = soom
SL= dm

Table 46: Capacitance Manometer Messages
(Continued on next page)
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Capacitance Manometer M essages (Continued)

Function Description Command Range and Restrictions Page Ref
Cadlibration User Zero Enable | @056<id>:<state> | <state> is ON for on 85
OFF for off
Sensor must be installed.
Zero Channd @051<id> Command only
Auto Zero @058<id>:<state> | <state> isE for enabled
Function D for disabled
Auto Zero @059<id>:<ref> <ref> isthereference
Reference Sensor channel number
Both sensors must be
installed.
Status Report Channel @601<id>? Request only 108
Reading Sensor must be powered on
and within range.
Report Reading @602<id>? Request only
With Time Stamp Sensor must be powered on
and within range.
Report Sensor @603<id>? Request only
Voltage Sensor must be installed.
Report Pressure @606<id>"? Request only
Leak Rate Sensor must be installed.
Report Channel @608<id>? Request only
Status Sensor must be installed.
Table 46: Capacitance Manometer Messages
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Pirani/Convection Messages

The 186 unit can identify the gauge as a Pirani or convection gauge. If the gaugeisidentified asa
convection gauge, you must issue a command to further identify the gauge as either a Granville-
Phillips Convectron gauge or an HPS Convection Enhanced Pirani (CEP) gauge.

Note ﬁ The <id> parameter identifies the channel number (1, 2, ...9, 0).

Pirani/Convection M essages

Function

Description

Command

Range and Restrictions

Page Ref

Power

Channdl Power

@081<id>:<state>

<state> is ON for on
OFF for off

Sensor must be installed.

68

Configuration

Sensor Type

@069<id>?

Request only reports:

3 = Pirani gauge

4 = GP Convectron gauge
5 = HPS CEP gauge
Sensor must be powered on
and within range.

Gas Type

@063<id>:<gas>

<gas> isN for nitrogen
H for helium
A for argon

Nitrogen is the default.

Convection Gauge
Type

@068<id>:<type>

<type>4 for GP Convectron
5 for HPS convection

Convectron is the default.

Units for Channel

@06C<id>:<units>

mTorr

Torr
Pascal
mbar
sccm
sm

<units> MT

T
PA
MB
SC
SL

73

Cdlibration

User Zero Enable

@056<id>:<state>

<state> is ON for on
OFF for off

Sensor must be installed.

85

Table 47: Pirani/Convection Messages
(Continued on next page)

120




Chapter Five: Sensor Board Command Summary

Pirani/Convection Messages

Pirani/Convection M essages (Continued)

Function Description Command Range and Restrictions Page Ref
Calibration Zero Channdl @051<id> Command only 85
(Continued) Sensor must be in range or
underrange.
Auto Zero @059<id>:<ref> <ref> isthe reference
Reference Sensor channel number
Sensors must be installed.
Auto Zero @058<id>:<state> | <state> isE for enabled
Function D for disabled
Span Function @057<id>:<state> | <state> is ON for on
OFF for off
Span Channel to @053<id> Command only
Atmosphere Command will turn on the
span function (if off)
Span With @055<id>:<ref> <ref> isthe reference
Reference : : channel number
This command is
not supported in Command will turn on the
firmware 1.2x. span function (if off).
Status Report Channel @608<id>? Request only 108
Status Sensor must be powered on
and within range.
Report Channel @601<id>? Request only
Reading Sensor must be powered on
and within range.
Report Reading @602<id>? Request only
With Time Stamp Sensor must be powered on
and within range.
Report Sensor @603<id>? Request only
Voltage Sensor must be installed and
powered on.
Vauein Volts.
Report Pressure @606<id>"? Request only

Leak Rate

Sensor must be installed.

Table 47: Pirani/Convection Messages
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Cold Cathode Messages

The 186 unit supports up to eight cold cathode gauges.

Note ".I The <id> parameter in al messages, identifies the channel number
J

12, ..9,0).

Cold Cathode M essages

Function Description Command Range and Restrictions Page Ref
Power Channd Power | @081<id>:<state> <state> isON for on 68
OFF for off
Sensor must be installed.
Auto Power @082<id>:<state> <state> isE for enabled
Function D for disabled
Auto Power @083<id>:<ref> <ref> isthereference
Reference channel number
Auto Power @084<id>:<pres> <pres> isthe shutoff
Shutoff Pressure pressure, in ASCII
Configuration | Sensor Type @069<id>"? Request only reports: 81
8 = cold cathode gauge
Sensor must be powered on.
Select Gauge @064<id>:<factor> | <factor> isanumeric ASCII
Factor string
Specify @065<id>:<pres> <pres> isthe disconnect
Disconnect pressure, in ASCII,
Pressure range -1 to 0.001
(default -1)
Unitsfor @06C<id>:<units> <unitss> MT = mTorr
Channel T = Torr
PA = Pascd
MB = mbar
SC = scem
SL = dm

Table 48: Cold Cathode M essages
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Cold Cathode M essages (Continued)

Function Description Command Range and Restrictions Page Ref
Cdlibration Span With @055<id>:<ref> <ref is the reference 85
Reference : : channel number
This command is
not supported in Span function must be on.
firmware 1.2x.
Status Report Channel | @608<id>? Request only 108
Status Sensor must be installed.
Report Channel | @601<id>? Request only
Reading Sensor must be powered on
and within range.
Report Reading | @602<id>? Request only
With Time Sensor must be powered on
Stamp L
and within range.
Report Sensor @603<id>? Request only
Voltage Sensor must be installed.
Vauein Volts.
Report Sensor @604<id>? Request only
lon Current Sensor must be installed.
Vauein Amps.
Report Pressure | @606<id>? Request only

Leak Rate

Sensor must be installed.

Table 48: Cold Cathode M essages
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Hot Cathode Messages

The 186 unit supports up to four hot cathode gauges.

Note ".I The <id> parameter in al messages, identifies the channel number
J

12, ..9,0).

Hot Cathode M essages

Function Description Command Range and Restrictions Page Ref
Power Channd Power | @081<id>:<state> <state> is ON for on 68
OFF for off
Sensor must be installed.
Auto Power @082<id>:<state> <state> is E for enabled
Function D for disabled
Default is off.
Auto Power @083<id>:<ref> <ref> isthereference
Reference channel number
Auto Power @084<id>:<pres> <pres> isthe shutoff
Shutoff Pressure pressure, in ASCII,
range+1to-1Torr.
Default is 103 Torr.
Degas @085<id>:<degas> | <degas> is:
H = high power degas
L =low power degas
O = degas function off
Configuration | Sensor Type @069<id>"? Request only reports: 78
6 = high powered HC gauge
7 = low powered HC gauge
Sensor must be powered on.
Sensitivity/ @064<id>:<factor> | <factor>isan ASCII string
Gauge Factor Default valueis 10.
Disconnect @065<id>:<pres> <pres> isthe disconnect
Pressure pressure, in ASCII,

from -1.0 to +0.001
Default is-1 (disconnected).

Table 49: Hot Cathode Messages
(Continued on next page)
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Hot Cathode M essages (Continued)

Function Description Command Range and Restrictions Page Ref
Configuration | High Pressure @066<id>:<pres> <pres> isthe shutoff 78
(Continued) Shutoff pressure, in ASCII.
Default pressureis 103 Torr.
Interna Fast @067<id>:<state> <state> E = enabled
Rate of Rise D = disabled
Shutoff Initial setting is disabled.
Unitsfor @06C<id>:<units> | <units> MT = mTorr
Channél T = Torr
PA = Pasca
MB = mbar
SC = scom
SL = dm
Cdlibration Span Function @057<id>:<state> <state> ON = user span 85
OFF = factory vaue
Sensor must be installed.
Span With @055<id>:<ref> <ref is the reference
Reference . channel number
Not supported in .
firmware 1.2x. Span function must be on.
Status Report Channel | @608<id>? Request only 108
Status Sensor must be installed.
Report Channel | @601<id>? Request only
Reading Sensor must be powered on
and within range
Report Reading | @602<id>? Request only
With Time Sensor must be powered on
Stamp and within range.
Report Sensor @604<id>? Request only
lon Current Sensor must be installed.
Vauein Amps.
Report Sensor @605<id>? Request only
Emission Sensor must be installed.
Current Vauein Amps.
Report Pressure | @060<id>? Request only

Leak Rate

Sensor must be installed.

Table 49: Hot Cathode Messages
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Mass Flow Controller Messages

The 186 instrument supports all MKS mass flow controllers, and equivalent flow controllers. Mass
Flow Controller (MFC) Specific Messages, page 101, provides instructions on operating an MFC.

Note ".I The <id> parameter in al messages, identifies the channel number
J
1,2..90).
Mass Flow Controller M essages
Function Description Command Range and Restrictions Page Ref
Power Channdl Power | @081<id>:<state> <state> ON for on 68
OFF for off
MFC must beinstalled.
Configuration | Report Sensor @069<id>"? Request only 83
| dentification MFC must beinstalled.
MFC FS Range | @061<id>:<range> <range> from 0.0002 sccm
to 1 x 10° sccm
Operating Mode | @101<id>:<mode> <mode> R = Ratio 103

S = Set Point
T =Totaling
Set Point Vaue | @102<id>:<vaue> <value> is-10 to 220% FS
for Set Point and Totaling,
and 0 to 200% FS for Ratio
Totaling Co- @103<id>:<cochan> | <cochan>is the co-channel
Channdl number
Overide @104<id>:<cmd> <cmd> O = Open
C=_Close
N = Cancel
Units for @O06C<id>:<units> | <units> S=sccm
channel L=dm

C = temperature

Table 50: Mass Flow Controller Messages
(Continued on next page)
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Mass Flow Controller Messages (Continued)

Function Description Command Range and Restrictions Page Ref
Cdlibration User Zero @056<id>:<state> <state> ON for on 85
Enable OFF for off
Sensor must be installed.
Zero Channd @051<id> Command only
Status Report MFC @608<id>"? Request only 108
Stetus MFC must be installed.
Report MFC @601<id>? Request only
Flow Rete MFC must be installed.
Report MFC @602<id>? Request only
Flow Rete With MFC must be installed.
Time Stamp
Report MFC @603<id>? Request only
Voltage

MFC must be installed.

Table 50: Mass Flow Controller Messages
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Auxiliary Output Messages

The Auxiliary Output board provides two aarm relays. For more information, refer to Alarm

Messages, page 95.

Note ".I The <id> parameter in al messages, identifies the channel number
J

12, ..9,0).

Auxiliary Output M essages

Function Description Command Range and Restrictions Page Ref
Configuration | Input Channel @O06A<id>:<A> <id> istheinput channe 84
Alam 1 number
<A> istheadarm letter
(A through P; X no
alarm assigned)
Input Channel @06B<id>:<A> <id> istheinput channd
Alarm 2 number
<A> istheadarm letter
(A through P; X no
alarm assigned)
Alarm @011<id>:<data> <id> istheadarm letter 98
Enable/Disable (A through P)
<data> is E for enabled;
D for disabled
Trip Point Value | @012<id>:<data> <id> istheaarm letter
(A through P)
<data> isthetrip point

pressure, from -100000 to
100000 Torr, inclusive

Hysteresis @013<id>:<data> <id> istheadam letter
(A through P)
<data> isthe hysteresis
value from 0 to 10%,
inclusive
Relay Actuation | @014<id>:<data> <id> istheaarm letter
State (A through P)
<data> is A for activated;
D for deactivated

Table51: Auxiliary Output Messages
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Chapter Six: Operation of the Control Board

System Design Elements

This section discusses, in a general way, how the 186 instrument can be used to control a
pressure/vacuum system. A Control board must be installed in the 186 instrument for the control
capabilitiesto function. The 186 instrument utilizes three parameters of control (gain, lead, and
integral), and these are discussed in some detail. This section also provides basic information
about pressure control, and explains how to recognize and correct pump choking.

General Control Theory

The 186 instrument can control a gas system via mass flow control with an MFC. Refer to Mass
Flow Controller (MFC) Specific Messages, page 101, for information. The more typica source of
control iswith pressure sensors. Only one sensor can control the gas system at any onetime. That
is, the pressure reading from only one sensor is compared to a set point and used to create avalve
drive signal. To change which sensor is being used to control the system, you change the channel
designated as the control channel. The 186 instrument supports up to four control boards. The
control parameters for each Control board can be stored in a*“ control recipe.” Each control recipe
can be associated with a different channel by selecting a different control channel. The 186
instrument supports up to eight control recipes.

The control system for a 186 instrument typically consists of six parts:

» thesensor(s)

* agassupply

» acontrol valve (gasinlet or exhaust throttle valve)

* aprocess chamber

* apumping system

* the 186 instrument itself
The system may aso include one or more ratio flow controllers, or mass flow controllers if
controlling viamass flow.

Normally, gas pressure is controlled by altering the pumping speed of a pump that removes gas
from the system (less frequently, it is regulated by controlling gas flow into the system viaa
control valve). The 186 instrument can regulate the control valve, be it a downstream throttle
valve or an upstream solenoid valve, or control one or more ratio flow controllers. If a Control
board is not installed in the 186 instrument, a separate controller must be used to control gas
pressure.
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When controlling gas pressure, the 186 instrument obtains a pressure reading from a sensor
operating on the control input channel, and compares the reading with a set point. The difference
between the set point and the actua pressureis caled the error.

Error = Set Point - Actual Reading

When the actual pressure reading is less than the set point value, the error term is a positive value.
Therefore, if the valveis configured for direct polarity, the signal to the valve increases to close the
vave. (Refer to How To Sdlect the Polarity, page 136, for more information.) Asthevalve

closes, less gas is pumped out of the process chamber, so the pressure rises. Eventually, the
pressure rises to meet the set point value. (With reverse polarity, the signal to the valve decreases
when the pressure rises.)

When the actual pressure reading exceeds the set point value, the error term is a negative value.
Therefore, if the valveis configured for direct polarity, the signal to the valve decreases to open
thevalve. Asthe valve opens, the pressurein the system is reduced because more gasis pumped
out of the process chamber. Eventually, the pressure decreases to meet the set point value. (With
reverse polarity, the signal to the valve increases when the pressure drops.)

The gas system is continuously regulated to ensure that the actual pressure reaches, and is
maintained at, the set point pressure.
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The 186 instrument utilizes Proportional -Integral-Derivative (PID) control found in most industrial
controllerstoday. The P-1-D parameters operate according to an equation. These parameters are:

1. Proportional control action (Gain) is used as a constant to create avalve drive signa that
is proportional to the error signal, (the error signal is the result of comparing actua
pressure with the set point). The error signal is then multiplied by a gain setting, thus
creating a proportional valve drive signal. The higher the gain, the greater the change in
thevalve drivesigna. Thus, the response is proportional to the gain.

Provided that the gain is not set too high, adjusting it allows the system to approach set
point more quickly than if alower gain setting isused. The best tuned gain is maximized
without promoting overshoot.

ValveDrive Signal =K1 x Error Signal
(K1 isadjusted by changing the gain setting)

2. Integral control action creates avave drive signa which is proportional to the magnitude
and sign of the area under the error signal curve (error signa with respect to time).

ValveDrive Signal =Ko x [ (Error Signal) dt

As time passes the valve position is changed. Dueto integration (and good control), the
error signal approaches and is reduced to zero. Anincrease in theintegral value increases
the period of time over which the error signal is generated, and system response gets
slower. This helps offset potential oscillation caused by a high gain setting.

3. Derivative control action (Phase Lead) creates avalve drive signal that is proportiona to
the rate of change of the sensor pressure reading. Derivativeisthe lead, or anticipation
factor.

ValveDriveSignal = K3 x d(pressure)
dt
(K3 isadjusted by changing the lead setting)

Part of the lag in a control system is caused by the fact that the current pressure reading is
no longer accurate by thetimeit isused in the PID calculations. To overcome this, the
current reading is compared with a previous reading, and then the rate of changeis
extrapolated to arrive at a new pressure reading. The new reading more accurately
represents the true pressure. The new pressure reading is substituted for the current
reading in PID calculations. Thus, the derivative control mode provides an anticipation
element. Thevalve drive signa then causes the control valve to approach its steady state
position sooner than it would if there was no derivative in the above equation.
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Pressure Control

The speed of pressure response is relative, and depends on chamber size and the pressure rangein
which the system is operating. Lower pressures (less than 10 mTorr) are usually slower because of
the slower molecular flow (and reduced pumping speed). The maximum rate of rise (or fall) of
pressure is determined by the following formula

dP = Fin-Fout

dt Vv
where:
dP , :
o = rate of pressurerise (or fall) in Torr/second
Fin = gasflow into the chamber in Torr-liters/second
Fout = 9asflow out of the chamber (to the pump) in Torr-liters/second
Vv = chamber volumein liters

In systems with small flows and relatively large chamber volumes, the pressure rises (or falls)
slowly. This occurs even when the control valve is fully opened or closed. With afast upstream
control valve, the maximum rate of pressure drop is a function of pump speed, and the chamber
volume, but the maximum rate of pressureriseis afunction of the pump speed, chamber volume,
and valve size.

Pump Choking

Choking is a situation that sometimes occurs, and is the result of a peculiarity of al diffusion
pumps. If too much gasisintroduced at too high a pressure (that is, too great aflow rate), the
pumping speed can change radically and erratically. This occurs for severa reasons. For example,
the pump can fill up (since the evacuation rate is less than the incoming flow rate), and as a result
it momentarily cannot take up any more gas. Also, it may be that the pumping mechanismis
slowed down by high friction.

In any case, the situation is easily recognized by lack of stability at the set point, and by pneumatic
noise. Closing down theinlet to the pump is the only solution. Diffusion pumps should never be
operated at pump inlet pressures higher than the maximum pressure set by the pump manufacturer.
Refer to the specifications for your pump to determine the maximum allowable inlet pressure. A
restriction between the pump and chamber may be necessary to prevent pump choking.
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Process Control Messages

Note ".I This section only applies when either an optional Control or Mass Flow
Controller board isinstalled in your 186 instrument.

A Control board enables your 186 instrument to perform closed-loop process control. The 186
instrument can support up to four Control boards. The 186 instrument can store up to eight control
recipes. The eight recipes can be assigned to any Control board.

The 186 instrument uses a Proportional - Integral - Derivative (PID) algorithm for process control.
The gain, lead, and set point parameters are stored in a control recipe. The default settings are:

 Gainof 10
* Lead of 1.5 seconds
*  Set Point of 0
For more information on PID control, refer to System Design Elements, page 129.
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Board-Specific Control Messages

Y ou must configure the parameters covered in this section for each Control board installed in your
186 instrument. The Control board uses these parameters for every recipe assigned to it. The
control parameters covered in this section are not stored as part of a control recipe.

Note |
1k

The Board-Specific Control messages support Control Channel 0, which
isa*“virtua” control channel used by the MFC board for Ratio flow
control. A “virtua” channel existsin software only; it does not require a
physica board to work. Refer to Mass Flow Controller (MFC) Specific

Messages, page 101, for information on Ratio control for flow

controllers.

Boar d-Specific Control Messages

M essage Description M essage For mat
@|Command|Command ID Data
Category | Number
Select Control Mode |@[ 0 | 2 1 |0%,1,234 :|A = Auto
(Control Bd number) | |0 = Open
C =Close
H =Hold
M = Manud
Default is close.
Select Active Recipe |@| 0 | 2 2 0*,1,2,3,4 1|0 through 8
(Control Bd number) | |(recipe #) where
0 =no recipe
Select Controller @ 0| 2 3 |0%,1,234 :|D = Direct
Polarity (Control Bd number) | [R = Reverse
Adjust Integral @ o| 3 1 0*,1,2,3,4 :|ASCII value
(Control Bd number) | (from 0.01 to
100 (seconds)
Adjust Base @ o| 3 2 0*,1,2,3,4 :|ASCII value
(Control Bd number) | {from 0.00 to
103 (%)

Table 52: Board-Specific Control Messages
(Continued on next page)
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Boar d-Specific Control Messages (Continued)

M essage Description M essage For mat
@|Command|Command ID Data
Category | Number
Adjust Start @ o| 3 3 0*,1,2,3,4 :|ASCII value,
(Control Bd number) [ {0.00 to 103 (%)
Adjust Alpha @ o| 3 4 0*,1,2,3,4 :|ASCII value, 5
(Control Bd number) | [to 99, inclusive
Adjust Preset @ o| 3 5 0*,1,2,3,4 :|ASCII value,
(Control Bd number) [ {0.00 to 103 (%)
Adjust @ o| 3 6 0+,1,2,3, 4 :|ASCII value,
Position/Output (Control Bd number) [ [0.00 to 100 (%
(for Manual and Hold Open), inclusive
modes only)
Adjust Softstart Speed (@] 0 | 3 7 0%,1,2 3,4 :|ASCII value,
(Control Bd number) | (1.0 to 100
seconds

* Control channel Oisa virtual control channel used in conjunction with Mass Flow Controllers

Table 52: Board-Specific Control Messages

How To Sdlect the Control Mode

The Control mode allows you to select the operating mode used to control the valve: either open,
close, hold, manual, or auto. Closeis the default mode.

Control Modes

Mode Action
Open The valve output signal is set to 100%.
Close The vave output signal is set to 0%. Default setting.
Hold The valve freezes in its current position.
Manual The valve is moved to a user-defined preset position.
Auto* Thevalveis controlled according to a selected control recipe.

* To enter the Auto mode a recipe must be selected as“ Active”

Table 53: Control Modes
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For example, to select the Auto control mode on Control board 4, issue the command:

@0214:A

The 186 instrument will operate Control board 4 based on the active control recipe.

How To Select the Active Recipe

When operating in the Auto mode, the 186 instrument controls the valve based on the parameters
specified in the active recipe.

Note ".I A recipe must be selected as “Active’ to enter the Auto mode.
J

For example, to select recipe 2 as the active recipe for Control board 3, issue the command:

@0223:2
The default setting is no recipe.

How To Select the Polarity

The polarity determines the action of the valve, either direct or reverse. Choose direct polarity for
downstream control to increase the output of the downstream valve as pressure rises in the process
chamber. Choose reverse polarity for upstream control to decrease the output of the upstream
valve as pressure rises in the process chamber.

Note ".I Although you can change the polarity within any recipe, only the last
@  entered polarity is saved and used for all recipes.

For example, to select direct polarity for Control board 1, enter the following command:

@0231:D
The polarity setting appliesto al control recipes.

The default setting is Direct.
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How To Adjust the I ntegral

The integral parameter selects the time constant used for the integral term of the PID control.
Enter a number between 0.01 (exclusive) and 100 (inclusive). The default is 0.3 seconds.

To enter 10 asthe integral term on Control board 3, enter the following command:

@0313:10

For more information on PID control, refer to System Design Elements, page 129.

How To Adjust the Base

The base is defined as the smallest user-defined value for the valve control signal output. Itis
expressed as percent of the valve control signal output. A base setting of 20 means that the valve
control signa should not go below 20% of the full open output. Stated another way, the valve
should remain at least 20% open. In effect, the base parameter limits how closed the valve can
become. The base parameter can override the softstart parameter.

To change the base to 10 on Control board 2, enter the following command:

@0322:10

The base parameter can range from 0.00 to 103% of full open. The default baseis 0%.

How To Adjust the Start

The start parameter is avalve position, expressed as a percent of the valve control signal output. It
determines the initia position of the valve when the Auto mode is evoked. The start value only
appliesif the valve was at full open or full close just prior to evoking the Auto feature. If softstart
isenabled, it can override the start parameter.

To change Control board 1 to start at 20% full open, enter the following command:

@0331:20
The start parameter can range from 0.00 to 103% of full open. The default start is 0%.

How To Adjust the Alpha

The apha control parameter reduces the amplification of noise in the system. Noiseis an inherent
problem in process control systems. With alow apha setting, the response time of thelead is
slower. With ahigher apha setting, the lead may be overly sensitive to noise. Do not change the
apha setting from the default value of 20, unless you have a clear reason to do so.

To set the aphato 15 on Control board 2, enter the following command:

@0342:15

The apha parameter can range from 5 to 99, inclusive.
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How To Adjust the Preset

The 186 instrument moves the valve to the preset position when the Manual mode is evoked. The
preset valve position is expressed as a percent of the valve control signal output.

To set the preset position to 45% on Control board 1, issue the following command:

@0351:45
The preset parameter can range from 0.00 to 103% of full open. The default base is 98.8%.

How To Adjust the Valve Position/Output

This command allows you to change the position of the valve while operating in either the Manual
or Hold modes. Initially, when you select the Manua mode, the valve moves to the position
defined by the preset entry. Use this command to change the valve position from the preset
position. When you select the Hold mode, the valve freezes in its current position. This command
alows you to change the position of the valve whilein the Hold mode.

To move the valve to 50% on Control board 2, enter:

@0362:50

Vaid output entries range from 0.00 to 100% (inclusive).

How To Adjust the Softstart Speed

The softstart entry defines the period of time required for the valve position to move from 0% to
100% open. It is advantageous to open avave slowly in some systems to minimize turbulence of
the gas. When the softstart parameter is turned off the valve moves at full speed. The softstart
speed can range from 1.0 to 100 seconds. The default speed is 10 seconds.

To set the softstart rate to 30 seconds on Control board 1, enter the following command:

@0371:30

Note ".I The softstart speed is common to all control recipes.
J
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Recipe-Specific Parameters

This section lists the parameters of a control recipe. The 186 instrument can store up to eight
control recipes. Each Control board can have a recipe designated as its active recipe, which is used
when the Control board is operating in the Auto mode.

Recipe-Specific M essages

M essage Description M essage For mat
@|Command|Command ID Data
Category | Number
Adjust Set Point @ 0| 4 1 |1through8 |'|ASCII value +100,000
(recipe #) Default is 0.0
Adjust Lead @ 0| 4 2 1 through 8 |:|ASCII value from 0.001
(recipe #) to 10,000 seconds.
Default is 1.5.
Adjust Gain @ 0| 4 3 1 through 8 |:|ASCII value from 0.002
(recipe #) to 10,000. Defaultis
10.0.
Select Softstart @ O 4 4 1 through 8 |- E = Enable
(recipe #) D =Disable
Select Input Channdl  |@| O 4 7 1through 8 |:|Input channdl, 1, 2, 3, 4,
(recipe #) 56,7,8090

Table 54: Recipe-Specific Messages

How To Adjust the Set Point

Use this command to enter the set point value for each recipe. For example, the input channel is
reading pressurein Torr, and you want to enter a set point value of 50 Torr in recipe 2. Enter the

command:

@0412:50

Note ".I The set point value must be entered in the units selected for the input
. channel. The maximum vaue that can be entered is 100,000.

If the input channdl is reading pressure in Pascal, and you want to enter a set point value of 1333
Pascal in recipe 3. Enter the command:

@0413:1333
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How To Adjust the Lead

The lead parameter is the derivative term in PID control. Thelead is proportional to the rate of
change of the error signa (up to some maximum value).

The derivative term anticipates the effect of the valve action on the system. It acts to achieve the
set point pressure with minimal overshoot or undershoot. The effect of the derivativeterm isto
cancel out the build-up of lags inherent in the system.

For example, to set the lead parameter to 10 in recipe 3, enter the command:

@0423:10
For more information on PID control, refer to System Design Elements, page 129.

How To Adjust the Gain

The gain parameter is the proportiona term in PID control. The proportiona term isalinear
function of the error signal. Typically, ahigher gain setting results in a smaller dead band and
yields the most accurate control.

To set the gain to 30 in recipe 1, enter the command:

@0431:30

For more information on PID control, refer to System Design Elements, page 129.

How To Enable/Disable Softstart

When softstart is enabled, the valve moves at the rate set by the softstart speed parameter. Refer to
How To Adjust the Softstart Speed, page 138, for more information.

To enable softstart for recipe 1, enter:

@044LE

How To Select the I nput Channel

Use this command to select the input channel for each recipe. In the closed-loop control the 186
instrument reads the pressure from the input channel, performs the PID control calculations, and
outputs the appropriate voltage to the valve through the Control channel, to adjust the pressure
accordingly.

To use channel 5 as theinput channel for recipe 3, enter the command:

@0473:5

140



Chapter Seven: Maintenance General Information

Chapter Seven: Maintenance

General Information

The two maintenance tasks, cleaning the fan filter and replacing the fuses, are discussed in this
chapter. A few common sense maintenance notes are included here:

e Locatethe 186 instrument in a dust-free environment
¢ Check the potential difference between grounds if you change the gas system substantially

e Periodically check for wear on the cables and inspect the enclosure for visible signs of
damage

How To Clean the Fan Filter

The cooling fan, located on the front panel, contains a replaceablefilter. Refer to Figure 7,
page 33, for the location of the fan. Thisfilter is designed to capture airborne particulates. The
replaceable filter (part number 09250-F/30) is available from Qualtek Electronics Corporation,
Mentor, OH (216) 951-3300.

1. Turn off the power to the 186 instrument.

2. Insert ablunt instrument, such as asmall screw driver, under the plastic facing and gently
pull towards you.

The plastic facing should pop out and expose the mesh.

3. Insert the new mesh and replace the plastic facing.
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How To Replace the Fuses

The 186 instrument has two printed circuit-type miniature, fast-acting, 10 Ampere fuses soldered
onto the bottom side of the main CPU board.

Under normal operating conditions, these fuses should last indefinitely. Should you need to
replace the fuses, you can either replace them yourself, or send the unit back to an authorized MKS
Calibration and Service Center. Please refer to Customer Support, page 19, for information on
returning the unit. Table 55 lists the various manufacturers of replacement fuses.

Replacement Fuses
Manufacturer Type
Littelfuse 255010 Fast Acting 10 Ampere
Buss MCR-10 Fast Acting 10 Ampere
BEL MQ10 Fast Acting 10 Ampere

Table 55: Replacement Fuses

1. Ensure that the Power connector cable is disconnected.

of electrical shock, disconnect the Power connector cable

Warning 'ﬂ‘ The 186 unit has lethal voltages inside. To avoid the danger
before opening the unit.

2. Disconnect al other cables attached to the 186 instrument.

3. Remove the four Phillips head screws on the outside corners of the rear pandl.
4. Carefully turn the unit over so that it is bottom-side up.

5. Remove the seven (7) screws that fasten the bottom cover.

6. Remove the bottom cover by firmly pulling it towards the back of the unit.

7. Carefully turn the unit over so that it is right-side up.

8. Locatethe fuses.

The fuses are located on the bottom side of the main PC board, as shown in Figure 20,
page 143.
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Front of the 186 Unit
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Figure 20: Location of the Fuses
9. Removethe old fuses by cutting the |leads.
10. Carefully clean out the soldering holes with water or acohol.

11. Solder on the new fuses.

The 186 instrument uses two printed circuit-type miniature, fast-acting, 10 Ampere fuses.
Replacement fuses are listed in Table 55, page 142.

12. Replace the bottom cover by inserting it into the grooves provided and firmly dliding it
towards the front of the unit.

The center screw on the bottom cover is slightly off center to avoid interfering with a
connector if aboard is positioned in slot 5. Be sure to aign the cover correctly.

13. Replace the seven (7) screws that fasten the bottom cover.

14. Carefully turn the unit right-side up.

15. Replace the seven (7) screws that fasten the top cover.

16. Replace the two (2) Phillips head screws on the outside corners of the rear pandl.

17. Replace al the cables which had been disconnected from the 186 unit.
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Appendix A: Product Specifications

Type 186 Unit

Ambient Operating Temperature | 15° to 40° C (59° to 104° F)

Anaog Output Standard: 0 to +10 VDC on single channél, linear or log;
set point £10.5 Volts

Compatible Sensors Pirani/Convection gauges:
HPS Division Pirani gauges
HPS Convection Enhanced Pirani (CEP) gauge
Granville-Phillips Convectron® gauge
HPS convection gauge

Capacitance Manometers
MKS Type 120 capacitance manometers
Linear capacitance manometer

Hot Cathode Gauge Tubes
HPS Division Hot Cathode Gauge Tubes including
thoriated iridium and tungsten filament gauges in nude
or glass envel ope configuration, the HPS low power,
nude, Bayard-Alpert Tube

Digital Communications RS-232C
Baud Rate 9600
Parity Even
DataBits 7
Stop Bit 1
Dimensions 92" W x 3¥2" Hx 12" D (Y2 rack)
24.1cmx 8.9 cm x 30.5cm
Humidity Storage Range 0 to 95%, non-condensing
Input Power Required User provided £15 VDC 5% @ 10 Amperes maximum

through a 15-pin coaxial high current metal shell connector

Refer to Appendix D: Power Supply Requirements, page
151, for more information.

Due to continuing research and development activities, these product specifications are subject to change without notice.
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Model Co

Appendix B: Model Code Explanation

de

The plug-in boards installed in your 186 unit are identified in the model code.

186B x X X X X X X X

Type Number
Board 1
Board 2
Board 3
Board 4
Board 5
Board 6
Board 7
Board 8
Table 56: Model Code
L etter Designation for the Plug-1n Boards
L etter Board
A Capacitance Manometer
B Pirani/Convection
C Cold Cathode
D Hot Cathode
F Mass Flow Controller
M Control
N Auxiliary Output
@] No board installed (covered dlot)

Table57: Letter Designation for the Plug-In Boards

Special ordering information and restrictions for certain boards are listed in Table 58, page 148.
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Appendix B: Model Code Explanation

Special Instructionsfor Positioning Plug-1n Boards

Plug-In Board Note
Hot Cathode Maximum number 4
Position in higher numbered slots to provide the maximum air
circulation from the cooling fan. Insufficient air circulation
could damage a Hot Cathode board.
Control Maximum number 4

Table58: Special Instructions for Positioning Plug-In Boards

Additional Notes

1. Channel numbers are determined by the sequence of boards. For example, a single board
installed in slot 1 becomes channd 1. If adual channel board isthen installed in Slot 2, it

becomes both channels 2 and 3.

2. Input channels are sequenced separately from output channels. Therefore, you can have

input channel 1 and output channel 1.
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Appendix C: Pressure Range for Supported Sensors

General Information

Table 59 lists the pressure range for each type of sensor supported by the 186 unit. Y ou must enter
the full scale range of each capacitance manometer; the other type of sensors have a defined

pressure range.
Pressure Range for Supported Sensors
Sensor Type GasType | OverrangePressure Underrange Pressure
(Torr) (Torr)
Cold Cathode 1.05x 102 1.05x 1012
Hot Cathode 1.05x 102 1.05x 1012
HPS Pirani nitrogen 1050 1.05x 10
helium 57.75 1.05x 10
argon 1108.8 1.05x 10
Convection nitrogen 1060.5 1.05x 10
helium 57.75 1.05x 10
argon 1108.8 1.05x 10
MKS Type 120 105% of sensor range -105% of sensor range
Capacitance Manometer
All other Linear 105% of sensor range -105% of sensor range
Capacitance Manometers

Table59: Pressure Range for Supported Sensors
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Power Supply Specifications

Appendix D: Power Supply Requirements

Power Supply Specifications

Y ou must provide a+15 VDC power supply to operate the 186 instrument. The 186 instrument
contains a DC-to-DC converter that converts the +15 Voltsto +5 Volts to power the logic circuits

of the instrument.

Specifications for the Power Supply

Specification Requirement
Voltage

Positive Output Voltage +15VDC

Negative Output Voltage -15VvDC
Current

Minimum Current Out (each supply) 250 mA

Maximum Current Out (each supply)

10 A (maximum for the internal fuses; the
actual maximum current depends on the type of
boards installed)

Output Accuracy (Line + Load + Temp) +3%
Line Regulation +1%
L oad Regulation (balanced) +2%
Maximum Ripple and Noise
DCto1 MHz 45 mV
DC to 20 MHz 60 mV

Table 60: Specifications for the Power Supply
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Power Required by the Plug-In Boards

Each 186 instrument is custom configured with the plug-in boards specified on the order. The
power drawn by each plug-in board varies. Therefore, the overall power consumption of the
instrument depends on the board configuration. To calculate the total power consumption, add the
power requirement of each board to the power requirement of the 186 base unit.

Individual Board Power Consumption
Board Type Model Code L etter Power Consumption
186 Base Unit N/A +15 Volts @ 200 mA
Capacitance Manometer A +15Volts @ 25 mA*
Pirani/Convection B +15Volts @ 100 mA**
Cold Cathode C +15 Volts @ 50 mA
Hot Cathode D +15 Volts @ 1000 mA, nomina
2200 mA, during degas
Mass Flow Controller F +15 Volts @ 50 mA*
Control M +15 Volts @ 200 mA
Auxiliary Output N +15Volts @ 75 mA
* Does not include power drawn by the transducer, or MFC, connected to the board
** Value per channel

Table 61: Individua Board Power Consumption
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Appendix E: RS-232 Message Summary

Command Messages

Command messages allow you to change an operating parameter of the 186 instrument. Request
messages report the status or value of a parameter.

Note ".I Use UPPERCASE lettersin all command messages.
J

Calibration Messages

Calibration Message Summary

M essage Description M essage For mat
@|Command|Command ID Data
Category | Number

Zero Channel @ 0| 5 1 * Command only

Span Pirani-Type @ 0| 5 3 * Command only

Sensor to Atmosphere

Span with Reference (@] O 5 5 * 11,2,3,4,5,6,7,8,09,

Not supported in 0 (reference channel #)

firmware 1.2x.

User Zero Enable @ O 5 6 * ‘|ON = User
OFF= Factory

Span Function @ O 5 7 * ‘|ON = User
OFF= Factory

Enable Auto Zero @ O 5 8 * ‘|[E = Enable
D = Disable

Sdect AutoZero 1@ 0 | 5 9 * 11,2,3,4,5,6,7,8,9,

Reference Channel 0
(reference channel #)

* where ID fidld isthe channdl number: 1,2, 3,4,5,6,7,8,9,0r 0

Table 62: Calibration Message Summary
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Sensor Configuration Messages

Sensor Configuration Message Summary

M essage Description M essage For mat
@|Command| Command | ID Data
Category | Number
Channel Range @| 0 6 1 * [:]ASCII vaueindicating full
scale range
Channel Resolution @| 0 6 2 * [:]ASCII value that represents
resolution as a power of 10
Channel Gas Type @ 0 6 3 * ;N = Nitrogen
A = Argon
H = Hdium
Channel Gauge @| O 6 4 * [:]ASCII vdue
Factor/Sensitivity
lon Gauge Disconnect @| O 6 5 * |:{ASCII value, from-1.0to
Pressure +0.001
Hot Cathode High @| O 6 6 * [:]ASCII vdue
Pressure Shutoff
Internal Fast Rate-of-Rise |@| 0 6 7 * |'|E =Enable
Shutoff (Hot Cathode) D = Disable
Convection Gauge Type |@| O 6 8 * |:{4 = GP Convectron
5 = HPSCEP
Report Sensor Type @| 0 6 9 * Request only responseis:
0 = Typel20
2 = linear capacitance
manometer
3 = HPSPirani
4 = GP Convectron
5 = HPSCEP
6 = high power hot
cathode
7 = low power hot
cathode
8 = cold cathode
9 = MFC

Sensor must be powered on

Table 63: Sensor Configuration Message Summary

(Continued on next page)
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Sensor Configuration Message Summary (Continued)

M essage Description M essage For mat
@|Command| Command | ID Data
Category | Number
Assign Alarm 1 @ 0| 6 A * |:|Alarm letter (A, B, C, D, E, F,

G HI1JK,L,M,N,O,P)

Query returns an “X” if no
alarm is assigned.

Assign Alarm 2 @ 0| 6 B * |:|Alarm letter (A, B, C, D, E, F,
G H,1,JK,L,M,N,O,P)

Query returns an “X” if no
alarm is assigned.

Select units for an @ 0 6 C * | MT = mTorr
individua channel T = Tor

PA = Pascd

MB = mbar

SC = socom

SL = dm

C = Cdsdus

* where ID fidld isthe channal number: 1,2, 3,4,5,6,7,8,9,0r 0

Table 63: Sensor Configuration Message Summary
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Power Control Messages

Power Control Message Summary

M essage Description M essage For mat
@|Command| Command ID Data
Category | Number

Channel Power @ 0 8 1 * ‘lON = On
OFF = Off

Channel Auto Control (@[ O 8 2 * ‘|E = Enable

(ion gauges only) D = Disable

Auto Power Reference|@| 0 8 3 * ‘|Channel number

Channdl

Auto Power Shutoff |@| O 8 4 * ‘|ASCII value

Pressure

Hot Cathode Degas |@| O 8 5 * :|L = Lo power
H = Hi power
O = Off

* where ID fidld isthe channal number: 1,2, 3,4,5,6,7,8,9,0r 0

Table 64: Power Control Message Summary

Analog Output Messages

Analog Output M essage Summary

M essage Description M essage For mat
@|Command |Command ID Data
Category | Number

Channd Output Type |@| O 7 1 * LN = Linear
LO1-LO9=Logl-Log9
SP = Set Point

Input Channel @ 0 7 2 * 11,2,3,4,5,6,7,8,9,0

Selection (channel #'s)

Full Scale Pressureat |@| O 7 3 * :|Vauein ASCII (using the

10V output or set units of the input channel)

point output voltage Range: 0.001 to 1000 Torr
or -10.5t0 10.5 Valts

* where ID field is the analog output number 1

Table 65: Anaog Output Message Summary
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Mass Flow Controller-Specific Messages

Mass Flow Controller -Specific M essage Summary

M essage Description M essage For mat
@|Command |Command ID Data
Category | Number
Mode of Operation @ 1 0 1 * | S = Set Point
T =Totaling
R = Ratio
Adjust Set Point @ 1 0 2 * :|ASCII value, -10 to
220% FSfor Set Point
and Totaling, and
0to 200% FSfor Ratio
Totaling Co-channel  |@| 1 0 3 * 11,2,3,4,5,6,7,8,9,0
(co-channel #)
Open/Close/Cancel @ 1 0 4 * :|O = Open
Override C =Close
N = Cancd

* where ID fidld isthe channal number: 1,2, 3,4,5,6,7,8,9,0r 0

Table 66: Mass Flow Controller-Specific Message Summary

Alarm Messages

Alarm Message Summary

M essage Description M essage For mat
@[Command |[Command ID Data
Category | Number

Alarm Enable/Disable |@| O 1 1 * :|E = Enabled
D = Disabled

Trip Point Value @ o] 1 2 * :|-100000 to
+100000 Torr,
inclusive

Hysteresis Value @ O 1 3 * :10 to 10%
inclusive

Relay Actuation State (@| O 1 4 * :|A = Actuated
D = Deactuated

* where ID field isthe alarm letter, A through P

Table 67: Alarm Message Summary
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Miscellaneous Messages

Miscellaneous M essage Summary

M essage Description M essage Format
@|Command |Command ID Data
Category | Number

Select Pressure Units (@] 5 0 3 * T =Torr

for All Channels P = Pascal
B = mbar

Leak Rate Period @| 5 0 7 * :|ASCII vaue

Response Format @ 5 0 8 * . |E = Scientific
D = Fixed

wherethe* in the ID field is any ASCII character, including a blank space

Table 68: Miscellaneous Message Summary

Recipe Specific Messages

Recipe-Specific M essage Summary
M essage Description M essage For mat
@| Command |Command ID Data
Category | Number
Adjust Set Point @ 0| 4 1 : :|ASCII vaue from
+100,000
Adjust Lead @ 0| 4 2 * :|ASCII value from 0.001
to 10,000 seconds
Adjust Gain @ 0| 4 3 * :|ASCII value from 0.002
to 10,000
Select Softstart @ O 4 4 * :|E =Enable
D =Disable
Select Input Channd  |@| O 4 7 * :|Input channel number,
1,234,56,7,89,0
* where ID field is the recipe number, 1 through 8

Table 69: Recipe-Specific Message Summary
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Board Specific Control Messages

Boar d-Specific Control Messages

M essage Description M essage For mat
@|Command|Command ID Data
Category | Number

Select Control Mode |@| O 2 1 # :[M =Manual
O =0Open
C =Close
H =Hold
A = Auto (PID) - must
have arecipe assigned

Select Active Recipe |@| O 2 2 # ;|1 through 8 (recipe #)
or 0 = No recipe

Select Controller @ 0| 2 3 # :|D = Direct

Polarity R =Reverse

Adjust Integra @| 0 3 1 # :|ASCII value from 0.02
to 100 (seconds)

Adjust Base @| 0 3 2 # :|ASCII value from 0 to
103 (%)

Adjust Start @| 0 3 3 # :|ASCII value from 0 to
103 (% open)

Adjust Alpha @ 0 3 4 # :|ASCII value from 5 to
99, inclusive

Adjust Preset @| 0 3 5 # :|ASCII value from 0 to
103 (%)

Adjust Position/ @ O 3 6 # :|ASCII value from O to

Output (Manua and 100 (%), inclusive

Hold modes only)

Adjust Softstart Speed |@| O 3 7 # :|ASCII value from 1.0
to 100 seconds

# Indicates the Control board channdl number , 0O, 1, 2, 3, 4, where control channel 0 isa virtual
control channel used in conjunction with Mass Flow Controllers

Table 70: Board Specific Control Message Summary
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Read Only Messages

Read only messages allow you to query the 186 instrument for status information.

Read Only Messages

Read Only Message Summary

M essage Description M essage For mat
@[Command |[Command ID Data
Category | Number

Channedl Reading @| 6 0 1 * ? |ASCII value of the

(reports reading only) channel reading

Channel Reading with |@| 6 0 2 * ? |ASCII value of the

Time Stamp channel reading and the
number of milliseconds
since the sensor was
turned on.

Sensor Voltage @| 6 0 3 * ? |ASCII vaue

(not valid for hot

cathode gauges)

Sensor lon Current @| 6 0 4 * ? |ASCII vaue

(only appliesto hot
and cold cathode

gauges)

Sensor Emission @| 6 0 5 * ? |ASCII vaue

Current

(only appliesto hot

cathode gauges)

Pressure Lesk Rate [@| 6 0 6 * ? |ASCII vaue
Sensor must be
measuring

* where ID field isthe channal number: 1, 2, 3,4, 5,6, 7, 8,9, or O

Table 71: Read-Only Message Summary
(Continued on next page)
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Read Only Message Summary (Continued)

M essage Description

M essage For mat

@|command

category

command
number

ID

Data

Channd Status

@| 6 0

8

(chan #)

A=0n

B = Low power degas
C = Underranged

D = Overranged

E = Manually off

F = Auto off

G = High power degas
H = Initializing

| = Zeroing

J= Bad sensor

K = Disconnected

L = Chan not installed

Power Up Status

Refer to Table 44, page
112.

Alarm Status

Alarm ID
(A-P)

E = Enabled
D = Disabled
T = Tripped

Report Sensor Type

= Type 120

= linear capacitance
manometer

= HPS Pirani

GP Convectron

= HPSCEP

= high power hot
cathode

low power hot
cathode

cold cathode

9 = MFC

* where ID field is the channdl number: 1, 2, 3,4,5,6,7,8,9, or 0
x indicates any ASCII character, including a blank space

Table 71: Read-Only Message Summary
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Diagnostic Messages

Diagnostic M essage Summary

M essage Description M essage For mat
@|Command|Command| ID Data
Category | Number
Software Version @ 9 9 1 x | ? | xx=softwareversion
[nstrument @ 9 9 2 X | ?| O =Emptyslot

Configuration

1 =Pirani board (configured as a
single channel board)

= Pirani board (configured for dua
channel operation)

3 =Hot Cathode board

4 = Capacitance Manometer board
5 =Mass Flow Controller board
6
7

N

= Control board
= Cold Cathode board

8 = Auxiliary Output board

wherethe x in the ID field is any ASCII character, including a space

Table 72: Diagnostic Message Summary
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A

Activerecipe, 136
Alarm
relay, 28, 56, 84, 95-100, 96, 113
relay hysteresis, 96
Alarms, 75, 84, 95-100, 113, 128
Alarms, 157
Alpha, 137
Analog output, 17, 28, 59, 93, 94, 156
Analog set point, 93, 94
Auto control mode, 135
Auto zero, 92
Auxiliary Output board, 22, 56, 57

B

Baratrons, 39
Base entry, 137
Baud rate, 61, 145
Board, 22, 29, 37

Auxiliary Output, 28, 56, 57, 95-100,
128

Capacitance Manometer, 22, 38-39, 73,
118

Cold Cathode, 22, 48, 69, 73, 81, 122
Control, 22, 28, 51-55, 129
Convection, 22, 4043, 73, 77, 120
Dudl Pirani, 22, 40-43, 69, 77

Hot Cathode, 22, 44-47, 71, 73, 78-80,
124

Mass Flow Controller, 22, 49, 73, 83,
101-5, 126

Pirani, 73, 120
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Power consumption, 152

Board specific messages, 134-38

C

Cables, 35
capacitance manometer, 39
cold cathode, 48
control valve, 55
hot cathode, 45
interface, 35
mass flow controller, 50
pirani, 41
Cdibration, 85, 153

Capacitance Manometer board, 22, 3839,
76

Capacitance manometer gauge, 25, 73, 76,
118

Channel numbering, 62
Channd status, 111
Cold Cathode board, 22, 48
Cold cathode gauge, 25, 60, 73, 81, 122
Communications, 61
Configuration, 67, 73, 115, 154, 155
Connector

Interface, 33

Power, 59

RS-232, 58
Control board, 22, 28, 51-55, 129
Control mode, 135
Convection gauge, 25, 73, 77, 120
Customer support, 19
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D

Degas, 71

Diagnostics, 114

Dua Pirani board, 22, 4043
single channel, 41

E

ERA number, 19, 21
Errors, 66

F

Fail-Safe, 57

Fan, cleaning, 141

Fast rate of rise shutoff, 80
Function, 19

Fuses, 142

G

Gain, 129, 140
Generd control theory, 129
Grounding, 27

H

Hold control mode, 135

Hot Cathode board, 22, 44-47
low power configuration, 46

Hot cathode degas, 71

Hot cathode gauge, 25, 60, 71, 73, 78-80,
124

Hysteresis, 96

Input channel, 140

Input channels, number, 17
Instalation
boards, 29

communication and power connections,
28

MFC connections, 28
set up, 27
start up, 31
transducer connections, 28
Integral, 129, 131, 137
Interface connector, 33
lon gauges, 17, 44, 60, 70, 78, 79, 82, 90

L

Lead, 129, 131
Leak rate, 107, 111
LED, 34

M

Manua control mode, 135
Manual organization, 18, 19

Mass flow controller, 73, 83, 101-5, 126,
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Mode code, 147
N

New configuration warning code, 29

O

Ordering code, 148
Output channels, 17
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Parameter, 19, 106

Phase Lead control, 140

PID. See Process control

Pirani gauge, 25, 73, 77, 120
Polarity, 136

Position control, 138

Power channel, 69

Power connector, 59

Power consumption, board, 152
Power control, 68, 156

Power supply, specifications, 151
Power up status, 112

Power, channel, 67

Preset, 138

Pressure control, 129, 132
Pressure units, 106

Process control, 17, 12940
Processrelays, 17

Pump choking, 129, 132

R

Ratio mode, 101, 105
Rear pandl, 22, 58
Recipes, 54, 129, 136, 158
Relays, 56, 84, 95-100
RS-232 connector, 58

S

Safety procedures, 69
Sensor
calibration, 85, 88, 153

configuration, 73, 74, 75, 154, 155
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Set point, 129, 132, 139

Set point, analog, 93, 94
Softstart, 138, 140

Span, 89, 90, 91
Specifications, 145

Start entry, 137

Start up, 31

System design elements, 129

System requirements, 25

T

pressure transducer selection, 25

Temperature, 24
Time stamp, 110

U

Units, 106

\Y,

Vave position/output, 138

w

Warm-up time, 31

z

Zero, 86, 87

toggling on/off, 838
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