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Package Contents

Before unpacking the 946 high vacuum, multi-sensor system controller, check all
surfaces of the packing material for shipping damage.

Please be sure that the 946 system contains the following items:

e 1 Series 946 Controller (with selected modules installed)

o 1 female, 25-pin D-sub connector for relay output connection
e 1 male, 37pin D-sub connector for analog output connection
e 1 10-foot power cord

g
e If any items are missing from the package, call HPS® Products Customer Service
Department at 1-303-449-9861 or 1-800-345-1967.

Inspect the 946 system for visible evidence of damage. If it has been damaged in

shipping, notify the carrier immediately. Keep all shipping materials and packaging for
claim verification. Do not return the product to HPS® Products.
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1 Safety Information

1.1 Symbols Used in this Manual and their definitions

& CAUTION: Risk of electrical shock.

& CAUTION: Refer to manual. Failure to read message could result
in personal injury or serious damage to the equipment or both.

& CAUTION: Hot surface.

@ Calls attention to important procedure, practice, or conditions.

i Failure to read message could result in damage to the equipment.

1.2 Safety Precautions
1.2.1 Safety Procedures and Precautions

The following general safety precautions must be observed during all phases of operation of this
instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual
violates safety standards for the intended use of the instrument and may impair the protection provided by
the equipment. MKS Instruments, Inc. assumes no liability for the customer’s failure to comply with these
requirements.

& Properly ground the Controller.

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 through the grounding conductor in the power cord is essential
for safe operation.

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

& Do not substitute parts or modify the 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.

MKS 946 Operation Manual 6



& Use proper electrical fittings.

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

& The Series 946 Controller contains lethal voltages when on.

High voltage is present in the cable and a Cold Cathode sensor when the Controller is turned on.

& Use the proper power source.

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

>

Use the proper fuse.

Only use a fuse of the type, voltage rating, and current rating specified for your product.

>

Do not operate in explosive environment.

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

>

Service by qualified personnel only.

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

>

Use proper power cord.

Only use a power cord that is in good condition and that meets the input power requirements specified in
the manual.

Only use a detachable cord set with conductors having a cross-sectional area equal to or greater than
0.75 mm? The power cable should be approved by a qualified agency such as VDE, Semko, or SEV.

MKS 946 Operation Manual 7



2 Specifications’

2.1 Controller

Pressure measuring range? 1x10"to 2.0 x 10** Torr
1x10" to 2.6 x 10** mbar
1x10° t02.6 x 10" Pa

Relay set point range3

CC (Cold Cathode) 2.0x10t05.0x 10° Torr
2.7 x 107° to 6.5 x 10 mbar
2.7x10% t06.5x 10" Pa

HC (Hot Cathode) 5.0x10"°t0 5.0 x 102 Torr
6.5 x 10 to 6.5 x 10 mbar
6.5x10¢ t06.5x 10" Pa

Pirani 2.0x10° t09.5x 10" Torr
2.7 x 103 t0 1.2 x 102 mbar
2.7x10" to 1.2 x 10* Pa

CP (Convection Pirani) 2.0x10°t0 9.5 x 10" Torr
2.7 x10°to 1.2 x 10*® mbar
2.7x107t0 1.2 x10** Pa

CM (Absolute Manometer) 0.2% to 100% of the measurement range of the head (e.g. 1 Torr
head is 2.0 x 10 to 1.0 x 10*° Torr)

CM (Differential Manometer)  -100% to 100% of the measurement range

FC (Mass Flow Controller) 0.2% to 100% of the measurement range of the MFC (e.g. 1000
sccm MFC is 2.0 x 107 to 1.0 x 10*® sccm)

Allowed range within which a control gauge may switch on a Cold or Hot Cathode

Pirani 50x10* t09.5x 10" Torr
6.5x 10* t0 1.3 x 10" mbar
6.5x102 t0 1.3 x 10" Pa

CP (Convection Pirani) 2.0x10° t09.5x10" Torr
2.7 x10® t0 1.3 x 10" mbar
2.7x10" t0 1.3 x 10" Pa

CM (22T head) 1.0x10" t0 0.2% of FS Torr
1.3x 10" t0 0.2% of FS mbar
1.3x 10" to 0.2% of FS Pa

Protection set point*

CC&HC 1.0x10°° to 1.0x10@ Torr, default setting: 5.0x10” Torr

! Design and/or specifications are subject to change without notice.

%2 The measurement range depends upon the sensor options selected.

8 Relay set point values are automatically adjusted when pressure unit is changed.
*The protection set point is always enabled in 946.
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Operating temperature range
Storage temperature range

Relative humidity

Altitude

Insulation coordination
Power requirement (nominal)
Mains voltage

Power consumption

Fuse rating, size

Process control relay

Relay rating

Relay response

Analog outputs®

Number of channels

Front panel controls

Display
Pressure units
Flow units

Update rate

Sensor module slots
Sensor modules

Cold Cathode

Hot Cathode
Pirani/Convection Pirani
Capacitance Manometer
MFC

COMM/Control modules

Pressure Control

5°t040°C (41° to 104°F)
-10° to 55°C (14° to 131°F)

80% maximum for temperatures less than 31°C, decreasing
linearly to 50% maximum at 40°C

2000 m (6561 ft) maximum

Installation (Over-voltage) Category II, Pollution Degree 2
100 - 240 VAC, 50/60 Hz

Fluctuations not to exceed £10% of nominal

150 W maximum

2X2A, 250V, @ 5 mm x 20 mm

12 nonvolatile relays, (4 for each sensor module)

SPDT, 2 A @ 30 V resistive

150 msec maximum

One Buffered and one Logarithmic (V = A x Lg(p) + B) or Linear
(V = A x p) for each channel, up to two (2) wide-range
combination logarithmic outputs. Output impedance = 100 ohms

Upto6

Power on-off switch, setup and operational commands can be
accessed via the keypad.

320x240 color QVGA TFT LCD with back lighting.
Torr, mbar, Pascal or microns
sccm (10,000 scem) and slm (>10 sim)

LCD display is updated 3 times per second. The pressure/flow
signals are updated every 50 msec.

3
channels/module

single
single
dual
dual
dual

° Logarithmic/linear and combined logarithmic analog outputs can be customized using the system setup
manual. There is no logarithmic/linear and combined analog output for differential Baratron.
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Computer interface

Electronic casing
Dimensions (W x D x H)
Size

Typical weight

CE certification

2.2 Sensors

Sensor type

CC (Cold Cathode)

HC (Hot Cathode)

Pirani
CP (Convection Pirani)

CM (Capacitance Manometer)

FC (Mass Flow Controller)

Pressure measurement range

CC (Cold Cathode)

HC (Hot Cathode)

Pirani

CP (Convection Pirani)

CM (Capacitance Manometer)

Flow Range (MFC)

MKS 946 Operation Manual

Serial — RS-232 and RS-485 9600, 19200, 38400,57600,115200
baud rate selectable

Aluminum

9%." x 12V4" x 3%%" (241 mm x 311 mm x 88 mm)
2 rack, 2U high

8.0 1b (3.6 kg)

EMC Directive: 2004/108/EEC
Low Voltage Directive: 73/23/EEC

Series 431 and 422 inverted magnetron
Series 423 I-MAG®

Bayard—Alpert (BA) type ionization gauges including HPS MIG
(Miniature lonization Gauge, or LPN (Low Power Nude), glass
enveloped gauges and UHV nude type.

Series 345 Pirani
Series 317 Convection Pirani

MKS unheated Baratron® (622A, 623A, 626A, 722A);
MKS 45 C heated Baratron® (624B,D24B, 627B,D27B);
MKS differential Baratron® (226A)

MKS1179A, 179A, 1479A, 1559A, 2179A, P4B, M100B,
M100MB

1.0x10"t0 1.0 x 102 Torr
1.3x 10" to 1.3 x 102 mbar
1.3x10° to 1.3 x 10*° Pa

1.0x10"°t0 1.0 x 102 Torr
1.3x 10" to 1.3 x 102 mbar
1.3x10® to 1.3 x 10*° Pa

50x104t0 4.0 x 102 Torr
6.5 x 104 to0 5.2 x 102 mbar
6.5x102t0 5.2 x 10" Pa

1.0x10° to 1.0 x 10*3 Torr
1.3x10° to 1.3 x 10** mbar
1.3x10" to 1.3 x 10*5 Pa

Three decades below full scale of head, (e.g., 10 Torr head is1.0
x 102 to 1.0 x 10** Torr)

1 sccm to 1,000 sIm 1

10



Response time (Buffered analog output)

cC
HC
Pirani, CP
CM

<40 msec®
<50 msec
<80 msec

<40 msec

Response time (Log/Lin analog output)

CcC

HC

Pirani, CP

CM
Resolution’

CC

HC

Pirani

CcpP
CM & FC

Repeatability
CC, HC, Pirani, CP
CM
FC

Calibration gas
CC,HC
Pirani, CP
CM
FC

Installation orientation
CC, HC, CM, Pirani, FC
CP

<50 msec
<50 msec
<80 msec

<80 msec

2 significant digits between 10-'° and 102 Torr, 1 significant digit
in 10" Torr decades

2 significant digits between 10-'° and 102 Torr

1 significant digit from 450 to 100 Torr; 2 significant digits
between 10+ and 100 Torr

2 significant digits over the entire range.

4 significant digits from 10 to 100% FS, 3 significant digits from 1
to 10% FS, 2 significant digits from 0.1 to 1% FS, 1 significant
digit from 0.01 t0 0.1% FS.

5% of indicated pressure at constant temperature
0.25% of indicated pressure at constant temperature

0.2% of full scale

Nitrogen, Argon
Air/nitrogen, Argon, Helium
Any (gas independent)
Nitrogen

Any (port down suggested for pressure sensor)

Body horizontal only

®A fast response (<3 msec) Cold Cathode board is also available. Please consult the factory for details.
! Trailing zeros displayed on LCD screen do not reflect the resolution of the pressure reading.

MKS 946 Operation Manual
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Materials exposed to vacuum may include

CC

HC

Pirani

CP

CM

FC
Internal volume®

CcC

HC

Pirani
CP
CM

FC
Operating temperature range

CcC

Pirani & HC
CP
CM & FC

Series 431 and 422 — SS 304, Al 6061, silver-copper brazing
alloy, alumina ceramic, Elgiloy®, OFHC® copper

Series 423 — SS 302, SS 304, glass, Al, Inconel X-750°, alumina
ceramic

304 SS, Inconel® X750, glass, tungsten, platinum clad
molybdenum, tantalum, nickel, braze alloy, either yttria coated
iridium or tungsten filament

300 series stainless, platinum, glass, alumina ceramic, silver
brazing alloy, nickel 200

300 series stainless, nickel, glass, platinum
Inconel®

316 series stainless, nickel, Elgiloy®, Elastomer seal.

Series 431 and 422 - 1.8 in® (30 cm?)
Series 423 - 0.9 in® (15 cm®)

Low power nude tube - zero
Mini BA -1.4in? (23 cm?)

0.5in® (8 cm?)
2.0in® (33 cm?®)

Type 622A/623A/626A - 0.38 in.? (6.3 cm®)
Type 722A -0.3 in.% (4.9 cm?)

0.27 in® (4.43 cm?®)

Series 431 - 0° to 70°C (32° to158°F)

Series 422--Versions available that operate up to 250°C.
Series 423 - 0° to 70°C (32° to158°F)

0° to 50°C (32° to 122°F)

10° to 50°C (50° to 122°F)

0° to 50°C (32° to 122°F)

Maximum bakeout temperature (Without controller or cables)

CC

Series 431 — 250°C (482°F) when backshell subassembly
removed, 125°C (257°F) otherwise

Series 423 — 400°C (752°F) CF flange version only with magnet
removed

Series 422- 250°C, cable removed. 250°C optional with
bankable cable.

& Volume will vary with the type of vacuum connection selected

MKS 946 Operation Manual
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HC 60°C with cable attached
300°C max, with CF, cable removed
150°C, with KF and Viton® seal, cable removed

Pirani 50°C (122°F)

CP 100°C (212°F) RF shielded with coated plastic shell installed
150°C (302°F) Partial shell disassembly required
250°C RF shield via aluminum housing

CM & FC N/A
Hot cathode sensitivity

LPN 9 Torr” (+20%)
Mini BA 12 Torr" (+20%)

Hot Cathode filament type
LPN Tungsten (W) or Yttria (Y,03) coated iridium
Mini BA Yttria (Y2O3) coated iridium

Hot Cathode degas power (E-beam, at grid)

LPN 20 W max
Mini BA 5 W max

lon gauge operating voltages

HC Grid: 180 VDC (normal operation); up to 600 V during degas
Filament bias: 30 VDC
Filament: 1.8 VDC @ 2A

cC 4.0 kVDC
Hot Cathode X-ray limit
LPN & Mini BA 3x10"° Torr®

Dimensions

CC Series 431 and 422 — J2.2x6.3 in (&56x160 mm)
Series 423 — J2.6x3.4 in (J66x86 mm)

Mini BA @1.12X2.37 in (©28x60 mm) with 2-3/4” CF flange

LPN ©3.3X1.0 in (@83 mmx25) with 2-3/4 CF flange, can insert into
NWA40 tube.

Pirani 1.3X4.4 in (D34x112 mm)

CP 1.6X4.4 in (J41x112 mm)

CM Types 622A, 623A and 626A - &2.6x4.8 in. (266x121 mm)

Type 722A- 21.5x3.9 in (238x99 mm)
FC (HxWxL) 1179A -<5.5x<1.5x3 in (<14.0x<3.8x7.6 mm)

® The Hot Cathode X-ray limit can be corrected by using a serial command. See section 9.6 for details.

MKS 946 Operation Manual 13



Typical Weight (with 2%” CF Flange)

cc 431and 422 - 2.4 1b (1.1 kg)
423-1.81b (0.8 kg)

LPN 0.9 Ib (0.40 kg) with CF flange
Mini BA 0.816 Ib (0.36 kg) with CF flange
Pirani 0.51b (0.2 kg)

CP (w/ KF Flange) 0.51b (0.2 kg)

FC <1.91b (0.86 kg)

Vacuum Connection
cC 431, 422, KF25, KF40, 2-3/4” CF, 8 VCR® -F (1/2”), 1” tubing
423, KF25, KF40, 2-3/4” CF, 1” tubing

LPN 2-3/4” CF (non-rotatable), KF 40
Mini BA KF16, KF25, KF40, 2-3/4” CF, 1-1/3” mini CF, 3/4”,1” OD tubing
Pirani, CP KF16, KF25, 1/8” NPT-M with 1/2” compression seal,

8 VCRe-F, 4 VCR®-F, 1-1/3" CF (non-rotatable),
2-3/4” CF (non-rotatable)

CM KF16, 8 VCRe®-F (1/27), 8 VCO®-F (1/2”),1-1/3” CF (non-
rotatable), 2" tube

2.3 Controller Display
2.3.1 Display Message

X X0OE+ee Normal pressure for the Pirani, CP, CC, and HC

X XXXE+e Normal pressure for the Baratron, flow rate for MFC

OVER The pressure is over upper limit (for CC and HC when p > 1x10™ Torr)
ATM Atmospheric pressure for the Pirani sensor

>1.100E+e CM pressure is over 10% of the full scale

LO<E-11 The CC pressure is below its lower limit, or no CC gauge is connected
LO<E-10 The HC pressure is below its lower limit

LO<E-04 The Pirani pressure is below its lower limit

LO<E-03 The CP pressure is below its lower limit

OFF Power is off to HC/CC/CP/PR sensor.

WAIT CC and HC startup delay

Low EMIS The HC off due to low emission current

CTRL OFF The HC or CC are turned off by the control channel
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PROT OFF

The HC or CC are in a protected state

RP OFF The sensor power is turned off remotely

REDETECT Detecting the sensor type for PR/CP

L No Pirani/CP/HC/MFC sensor is detected on the inserted Pirani/CP board
NOBOARD No board is detected in the slot, display only last 5 secs
N2, AR, He Gas type

U User calibration

SPn Activated relay channel (n=1 to 12)

_ A relay is enabled, but not activated.

Ctrl The CC/HC is controlled by another gauge (PR/CP)

AZ PR/CP/BR may be auto-zeroed by its control gauge

F1, F2 Active filament

DG The HC is degassing

An, Bn, Cn The channel where the control gauge is installed (n=1, 2)

2.3.2 Display Resolutions

The pressure values displayed on a 946 Vacuum System Controller front panel varies with the type of
gauge being connected, and range of measured pressure. In addition, three display formats are available:
Default, HighR' (high resolution), and PatchZ (patch zero) and can be selected based on customer’s
preference.

Patchz Default/HighR
Displayed Resolution
>(110%*FS value)

Percentage of Full-Scale
>110% FS

Displayed Resolution
>(110%*FS value)

110% to 10% XXXXE+X XXXXE+X
10% to 1% X.XXOE+X X XXE+X
1% 10 0.1% X.XOOE+X X XE+X

<0.1% X.000E+X XE+X

Table 2-1"" Capacitance Manometer with Exponential Display Format

Table 2-1"" shows the exponential display format for Capacitance Manometer. If the Capacitance
Manometer measurement range is between 10* and 10 (regardless of pressure unit), one can toggle the

Degas
decimal and exponential display format by pressing the button on the CM channel highlighted by
the LED indicator on the 946 front panel.

'"“When HighR mode is selected, the controller displays extra digit for ion gauge pressure to assist the
monitoring of pressure changes.

" One less digit will be displayed when a differential Capacitance Manometer reports a negative
differential pressure reading as a negative sign will be displayed.
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Pressure

Range Convection Pirani Pirani Hot Cathode Cold Cathode
Default Default
Torr Patchz HighR Patchz HighR Patchz Default HighR PatchZ Default HighR
10° | X.XOE+03 X.XE+03 ATM ATM
X.00E+02

102 | X.XOE+02 | XXE+02 | (X=1,2,3,4) | X.XE+02

10 X.XOE+01 X.XE+01 X.X0E+01 X.XE+01

1 X.XOE+00 X.XE+00 X.XOE+00 X.XE+00

X.X0E-01 X.XE-01 X.X0E-01 X.XE-01

X.X0E-02 X.XE-02 X.X0E-02 X.XE-02 X.XOE-02 XE-02 X.XE-02 | X.XOE-02 XE-02 X.XE-02

107 X.X0E-03 X.XE-03 X.XO0E-03 X.XE-03 X.XOE-03 | X.XE-03 | X.XXE-03 | X.XOE-03 X.XE-03 X.XXE-03

X.XOE-04 X.XE-04
(X.X down (>5.0E-

10 LO<E-03 LO<E-03 to1.3) 04) X.XOE-04 | X.XE-04 | X.XXE-04 | X.XOE-04 | XXE-04 | XXXE-04
10° LO<E-04 | LO<E-04 | X.XOE-05 | X.XE-05 | X.XXE-05 | X.XOE-05 | X.XE-05 | X.XXE-05
10° X.XOE-06 | X.XE-06 | X.XXE-06 | X.XOE-06 | X.XE-06 | X.XXE-06
107 X.XOE-07 | X.XE-07 | X.XXE-07 | X.XOE-07 | X.XE-07 | XXXE-07
10°® X.XOE-08 | X.XE-08 | X.XXE-08 | X.XOE-08 | X.XE-08 | X.XXE-08
107 X.XOE-09 | X.XE-09 | X.XE-09 | X.XOE-09 | X.XE-09 | XXXE-09
10" X.00E-10 | XE-10 XE-10 | X.XOE-10 | X.XE-10 X.XE-10
10 X.00E-11 | XE-11 XE-11

Table 2-2 946 Pressure Display Format for Indirect Gauges including CP, PR, CC and HC

Table 2-2 shows that display format for indirect gauge including Pirani, Convectional Pirani, Cold Cathode
and Hot Cathode gauges. Please refer §6.4 for setting up the display format properly.

2.3.3 Serial Communication Response Format

Diff
CM and Piezo Baratron Pirani Convection Hot Cathode | Cold Cathode
X XXXE+X XXXXE+X X XXE-XX X XXE-XX X XXE-XX X XXE-XX
X XXE+X

Table 2-3 946 Serial Communication Response Format

Table 2-3 shows the serial communication (RS232/485) response format. In order to keep the
communication response string length consistent, 0 will be patched if needed.
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3 Feature, Control Locations and Dimensions
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Figure 3-1 946 Front Panel
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Figure 3-2 946 Rear Panel
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Figure 3-3 946 External Dimensions (inches)
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4 Typical Applications for the Series 946 Controller

e The measurement of wide pressure range in vacuum chambers.
e Pressure control in vacuum systems and process sequencing using relay set points.

e Sensing abnormal pressure events and initiating and controlling appropriate security
measures using the relay set points.

e Controlling system pressure by using the analog output as the input to an automatic pressure
controller.

e Starting or stopping system processes using relay set points.

e Measuring backfill pressures.

e Controlling acceleration and light source vacuum systems.

e Displaying the flow rates from MFCs, and providing an interface for controlling the MFCs.
e Control of gas flow into vacuum/process chamber.

e Maintaining accurate system pressure by controlling an upstream solenoid valve .

e Maintaining accurate system pressure by controlling a downstream throttle valve.

e Maintaining accurate system pressure by regulating a single MFC flow rate (single MFC PID
control), or multiple MFC flow rates with fixed ratio (ratio control).

¢ Maintaining smooth control of a wide range of pressures through the use of the combined
analog outputs of up to 3 vacuum gauges.

e Using averaged analog output from multiple Capacitance Manometers (up to 3) with same
ranges for critical process control.

e Using fast relay control signal associated with Cold Cathode gauge for high vacuum
protection.

e Integrated vacuum process control with simultaneous flow, pressure, and valve control.
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5 HPS® Products Series 946 Vacuum System Controller

Tre HPS® ProbucTs SERIES 946 Vacuum System Controller provides accurate and reliable pressure
measurement between 1x10™"" Torr to 2x10*° Torr, measurement and control of mass flow rate, and
control of system pressure in different ways (single channel MFC PID control, multiple MFC ratio control,
upstream solenoid valve control, or downstream Throttle Valve control). A number of different MKS
pressure sensors, mass flow controller/meters and control valves, listed below can be connected to the
946:

e MKS Baratron Capacitance Manometers with heads from 0.02 to 10,000 Torr (up to 6)
o MKS 423 I-MAG or Series 431/422 Cold Cathode Sensors (up to 3)

o MKS Lower Power Nude gauge or Mini BA Hot Cathode sensors (up to 3)

e MKS Series 345 Pirani sensors (up to 6)

e MKS Series 317 Convection Pirani sensors (up to 6)

o  MKS1179A, 1479A, 1559A, 2179A, P4M, M100B Mass Flow Controllers (up to 6)

e MKS 179A, M100OMB Mass Flow Meters (up to 6)

o MKS 148, 248, and 154 upstream Solenoid Control Valves (1)

e MKS 153/T3B downstream Throttle Valves (1)

Figure 5-1 946 Front View

With three sensor module slots available and the ability to configure a variety of sensor combinations, the
Series 946 Vacuum System Controller can accommodate many unique requirements and applications. It
is designed with versatility and ease-of-use in mind, with a large LCD screen that displays much useful
information, including:
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e Pressure measurements for all sensors connected to the controller (up to 6)
e Easy operation of MFC and valve via the front panel (Open, Close, and Set point)

e Units of the indicated pressures (Torr, mbar, Pa, microns) and flow rate (sccm, and sim,
automatically selected by the controller)

e The type of pressure and flow sensor (CM, CC, PR, CP, HC, FC) (self-detecting)

e Mass flow rates for all MFCs connected to the controller (up to 6)

e Relay status (both enabled and activated relays are displayed)

e Pressure control status, including the control valve position

e The operating status of Hot Cathode gauge (active filament, degas)

e The control status of lon gauges

e The auto zero channel for Pirani/CP/CM sensors

e Position of valve opening

e System self-checking information (board status, sensor status, pressure range, and etc.)

e Front panel locking status (when REMOTE is displayed, the front panel is locked remotely)

Controller operation is very simple. For example, to access the system setup screen, simply push the
System Setup button. This permits single-screen access and adjustment for all of the control and display
parameters for each sensor connected to the controller. An LED indicates the current active channel and
all of the parameters associated with the sensors are displayed by pushing the Channel Setup button.

In addition to the pressure values displayed on the screen, three types of analog signals are also shown:

o Buffered analog outputs for each sensor (up to 6). These buffered analog signals respond
immediately to sensor signal changes, therefore, can be used in critical fast control applications.

e Logarithmic/linear analog outputs for each pressure sensor (up to 6) ranging from 0 to 10 V. The
scale for these analog outputs can be adjusted as desired. While these linear signals are
somewhat simpler to deal with than the sensor-dependent buffered analog signals, there is a
longer time delay (<100 msec) due to the signal processing required by the microprocessor.

e There are also combined logarithmic analog outputs (up to 2) available. By combining the
sensors with different measurement ranges (such as Pirani and Cold Cathode sensors), analog
signals with much wider range are available. This eliminates the requirement for
switching/selecting the sensor. The time delay for these analog outputs is around 100 msec.

Twelve (12) mechanical relays with independently adjustable controller relay set points allow the 946 to
control the operation of critical components in a vacuum system such as valve or a pump. The set point
parameters are nonvolatile, remaining unchanged after powering down or during a power failure. They
may be set or disabled from either the front panel or the optional communications module.

The Controller also has control set points to turn off lon gauges at higher pressures, extending the
operating lifetime before maintenance is required (for both Cold Cathode or Hot Cathode).

Direct computer communication is available to control front panel functions or read pressure and other
information remotely. A RS232/485 serial port is available and the communication protocol can be
selected from the System Setup panel.
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6 Operating the Series 946 Controller

6.1 Power

946 Vacuum System Controller can be powered by universal AC voltage (100 to 240 V, 50/60 Hz). The
power can be switched on and off using the Power switch on the front panel to Off. It is recommended to
power off the controller when the Series 946 Controller is not in use.

6.2 Front Panel Control Lock

All front panel keys can be made inactive when the controller's front panel controls are locked. REMOTE
is displayed at bottom right corner of the LCD display.

Simultaneously press (© and ® to lock or unlock the front panel controls or to display the lock status.
This will toggle the lock and unlock function.

The front panel can also be locked or unlocked with optional serial communications commands. See
RS232/RS485 Communications Commands for more information.

6.3 Front Panel Display

6.3.1 Standard Front Panel Display

A 3.6 inch 320x240 pixel color LCD displays the pressure, control, relay, gauge type, and other critical
information.

A label on the left-hand side of the front displays identifies the name of the channel (A1, A2, B1, B2, C1,

C2). An illuminated green LED is used to show the active channel for channel setting purpose. The
standard front panel display for the 946 is shown in Figure 6-1:
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Figure 6-1-A
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Figure 6-1-B

Figure 6-1 Standard 946 LCD Front Panel Display for Pressure Measurement (Figure 6-1-A) Valve
Pressure Control Mode; (Figure 6-1-B) MFC Ratio Control Mode.

a Type of sensor detected (CC = Cold Cathode, HC = Hot Cathode, PR = Pirani, CP =
Convection Pirani, CM = Capacitance Manometer, FC = Mass Flow Controller, N2,
AR, He = Gas type, U = User Calibrated)

Pressure/flow readings for all of the detected sensors.

Control information which includes:

e For a Cold Cathode gauge, C1 Ctrl means the Cold Cathode gauge is
controlled by channel C1.

e For a Hot Cathode gauge, C2 Ctrl means the Hot Cathode gauge is
controlled by channel C2. F2 means filament 2 is the active filament, DG
means the gauge is degassing.

e For PR/ICP/CM, A1 AZ means the PR/CP/CM will be auto-zeroed by the
gauge on Channel A1 (typically, an ion gauge).

e For MFC, SCCM/SLM represents the flow units, Open/Close/SP is the valve
status, 89% is the gas concentration under ratio control, 9.5E+0 is the
pressure set point for valve control, and 1.0E+1 is the pressure set point for
ratio control.

Relay status: displayed channel = activated relay; ---- = enabled, but, not activated
relay; blank = relay is not yet set.

Pressure units (Torr, Pascal, mBar, Microns)
Valve position while using valve for pressure control.
Front screen is locked when REMOTE is displayed

Unit of flow rate, either SCCM or SLM. The unit switches to SLM automatically when
the flow full scale is greater than 10SLM.

Control mode: MFC Ratio A, MFC Ratio M, Valve Position
Graphic indication of Ratio control status for ratio control using multiple MFCs.

Digital indication of control parameter
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Under the Ratio control mode, the MFC flow rate will show in blue color when its value is within £20% of
the set point value (corresponding to the ratio control parameter, also in blue, at right bottom corner of the
display] and will show in red color when it is outside the £20% of the set point value.

Capacitance Manometer pressure indication can be toggled between the decimal and
scientific indication on the selected channel (highlighted by the green LED) by pressing

oot ) button.

6.3.2 Large Font Displays

A special large font pressure display (only for one single channel) is also available to ensure the pressure
readings can be seen in distance. To enter this mode:

1. While in the standard display mode, press either the 4 or the ® key to select the desired
channel, as indicated by the green LED.

2. Enter the large font display mode by pressing the key.

3. To exit the large font display mode, press the @ key or the key again.

Figure 6-2 shows a comparison between pressure measurements in the standard mode front panel
display and in the large font display mode. When the large font display is selected, one channel is
displayed as large font (B1 as shown in the figure) and the pressure readings for all the detected sensors
are displayed in smaller font of the left side of the LCD.

s ][4 00E-08g & or | M e
e =l 5 10E-06
4 -—

® <2 10E-06 & = °

g o ® | 1ooe0s

® :<1.0E-04 % % ® | zrome

® :<1.0E-033 =i o otos

Standard Display Large Font Display

Figure 6-2 A Comparison Between Standard Display Mode and Large Font Display Mode for the
946 LCD Display (a) During Pressure Measurement.

6.3.3 LCD Screen Saver

The LCD display can be operated under sleep mode to extend the screen life when the Screen Saver
mode is activated. The time delay for activating the sleep mode is from 1 to 240 minutes. The screen will
be turned on when any of the key on front panel is pressed.

6.4 System Setup
6.4.1 Overview of 946 System Setup

An overview of the 946 system setup parameters is shown in Figure 6-3. The default values and the
selection ranges for these parameters are also shown.

The system setup allows the user to set parameters such as pressure unit, communication protocol,
communication address, baud rate, disable/enable set parameter, disable/enable user calibration, define
PID control and MFC ratio control recipes, activate/deactivate screen saver, and check FW versions for
the controller and boards in the controller box.
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In addition, the logarithmic/linear analog output for individual channel and combined logarithmic analog
output can be adjusted by setting the DAC parameters.

Panel ) Default Parameter
Function
Button value range
Tomr
mBar 4

Pascal
Micron

946 19200

Al Y 5400

P UNIT Torr Com Type RS232 : 57600

Address 253 Baud Rate 9600 115200

v Cmd Mode |946 Parity NONE \ Nene

SYSTEM| _ |SetParam |Enable |User cal Enable —Egg—
SETUP | " |p|D Recipe |Edit Ratio Recipe |Edit

Disabl

Valve Type [153 Screen Saver |OFF EI::blee

Combination Setup Edit 1-240

DAC Parameter Setup | Edit Ok

. . Deafult

FV Info |D|sp|ay Display Format| Default —p.| HighR

PatchZ

Figure 6-3 946 System Setup Parameters, their Default Values and Ranges

6.4.2 Display System Setup Parameters

System
To display the 946 system setup, press the key; the LCD screen display will switch to the system
setup mode, as shown in Figure 6-4. The shaded area in the figure shows the cursor position. The cursor
position is controlled by the arrow keys on the front panel. A parameter indicated in red indicates that the
value has been modified, but not yet saved.

System Setup \ l

P Unit Torr  |CommType |RS232
Address 253 Baud Rate | 9600
Com Mode | 946 Parity None
Set Param |Enable User Cal Enable
PID Recipe | Edit Ratio Recipe | Edit
Valve Type | 148 Screen Saver | 25
Combination Setup Edit

DAC Parameter Setup | Edit

FV Info Display Display Format | Default

Figure 6-4 System Setup Information Displayed on 946 LCD Screen

C When a parameter value is indicated in red, it means that this value has been changed,
but not yet saved. Exiting the setup mode without performing a save will cause the previous,
unchanged parameter value to be used.
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6.4.3 Change and Save a Parameter Value

To change and save a system setup parameter value, use the following procedure:

1. Press any of the CORORIVEC) keys to move the cursor to the parameter to be changed.

2. Pressthe key to highlight this parameter value. For example, ‘Terr " will change to
o |

3. Press either ® or @ key to change the parameter value (i.e. to change to
)-

4. Pressing the @ key at this point will restore the original parameter; pressing @ or ® will
move the cursor away from this parameter, changing the color of the parameter value to red
and it will not be saved.

5. To save an updated value, press the key while the background of the parameter value is

black (i.e. in this example). After is pressed, the background of the selected

parameter will turn gray (‘P28 in this example). This indicates that the new pressure unit
has been saved.

6. To return to the normal front panel display mode, press the @ key once after the parameter
values have been changed.

:é The above procedure for changing a pressure unit applies equally to changing all
other parameters within the 946.

6.4.4 Description of the System Setup Parameters

1. Pressure Unit

This determines the units used for the pressure displayed on the front panel, the pressure
queried from serial communication, and the pressure set point. There are four choices:
Torr, mBar, Pascal, and Microns. The default value is Torr.

2. Communication Type

This sets the Serial communication protocol, either RS232 or RS485. Default value is
RS232.

When the serial communication protocol is changed, the power of the 946 controller must
be reset for the change to take effect.

3. Address

This is the address for RS485 and RS232 communication. The valid range is from 1 to
253. The default value is 253. 254 is reserved for broadcasting only.

4. Baud Rate
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This sets the baud rate for serial communication. Valid values are 9600, 19200, 38400,
57600, 1152000. The default value is 9600.

5. Command Mode
Display the communication mode for the controller. Only 946 will be displayed.
6. Parity

Define the parity for serial communication protocol. Valid values are NONE, EVEN and
ODD. The default setting is NONE.

C When the serial communication protocol is changed, the power of the 946
controller must be reset for the change to take effect.

7. Set Parameter

When Set Parameter is disabled, none of the channel setup commands can be executed.
However, these values can still be viewed from the display, or queried using serial
communication:

CC Gas Type
User Calibration
AO Delay
Protect Set Point
Relay Direction, Set Point and Hysteresis
Control Set Point Channel, Set Point and Hysteresis

HC Gas Type
Degas Time
Active Filament
Emission Current
Protect Set Point
Relay Set Point, Direction and Hysteresis
Control Set Point Channel, Set Point and Hysteresis

PR/CP Gas Type
Factory Default
Auto Zero
Manual Zero
ATM Value and Calibration
Relay Set Point, Direction and Hysteresis

CM&FC Range
Factory Default
Auto Zero
Manual Zero
Relay Set Point, Direction and Hysteresis

8. User Calibration

When User Calibration is disabled, the following commands cannot be executed through
the keypad or through serial communications:

CcC User Calibration
HC User Calibration and Sensitivity
PR/CP Factory Default, Manual Zero, and Manual ATM
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CM&FC Factory Default and Manual Zero

9. PID Recipe

This is used to define the recipe for PID pressure control, including pressure control in
single MFC, ratio control using multiple MFCs, upstream pressure control using Solenoid
Control Valve, and downstream pressure control using Throttle Valve. Up to 8 recipes
can be defined for PID control. See section 6.7 and 6.8 for more detailed PID recipe
setup.

10. Ratio Recipe

This is used to define the ratio recipe for ratio PID control of system pressure. Up to 4
ratio recipes can be defined for 946. See section 6.7 for more detailed ratio recipe setup.

11. Valve type

There several types of MKS valves (148, 248, 153/T3B, 154) that can be connected to
946 to control the system pressure. Valve type allows one to select the appropriate valve
for vacuum system pressure control using either upstream Solenoid Valve, or
downstream Throttle Valve.

12. Screen Saver

Screen saver allows to turn off the front panel display, therefore, to extend the service life
of the LCD screen. The front panel display can be re-activated by pressing any button on
the 946 front panel. The value of the screen saver means the time in minute (1 to 240
minutes) when the screen saver is activated. To disable this function, just set the value to
zero.

13. Combination Setup

There are two combination channels available in the 946. Up to 3 vacuum pressure
sensors can be assigned to each combination channel.

To view or change the combination channel settings, set the Set Combination Ch

parameter to ON and press . Refer to section 8.4 for a more detailed discussion of
the settings for the combination channels.

14. Set DAC Parameter

The Log/Linear analog output for each individual channel, as well as the combination analog
output can be accessed by adjusting the DAC parameter. To view or modify the DAC parameter,

System
press and move the cursor to Set DAC Parameter. Select ON and press on the
System Setup screen and the parameters used in determining the DAC logarithmic/linear analog
output are displayed. These parameters can be modified, as shown in Figure 6-5.

Both slope A and offset B must be selected when a logarithmic linear equation is used. The slope
A is the voltage per decade, and the offset B is the desired voltage when the measured pressure
is equal to 1 Torr. The valid range for A is from 0.5 to 5, while the valid range for B is from —20 to
20 V. The default settings are 0.6 and 7.2 for A and B, respectively. If only one sensor is allowed
to be connected to the board (such as HC of single channel CC), only one equation is displayed
(i.e. A1, as shown in Figure 6.6).

Linearized analog output can be used when high analog output resolution is required over a
narrow pressure range. When linear equation is used, the parameter B is always set to zero as it
indicates zero voltage output at high vacuum. The A value can be calculated using the equation
below:
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10
A=

Pmax

Here, P is the maximum pressure (or the flow rate for an MFC) when 946 analog output
voltage is at 10 V. For a Capacitance Manometer, the full range of the Manometer is normally
selected for P For example, if a 1000 Torr manometer is connected (Pmax=1000), 1x107?
should be selected for A, while for a 20 sccm MFC (Pnax=20), 5x10" should be used. For other
types of gauges (such as CC, HC, PR, CP), linear analog output can be used to magnify the

analog out over a special range. For example, if one is interested in the pressure range from 10
to 10" Torr range (Pmax=10),, @ value of 1 can be selected for A which results in 10 V analog
output at 10 Torr.

Set DAC Parameter (P unitis torr in Eq)
Equation A B

Channel A1 | V=AlogP+B | 6.00E-1 |7.20E+0
Channel A2

Channel B1 V=AP 1.00E+2

Channel B2 | V=AlogP+B | 6.00E-1 |7.20E+0
Channel C1 | V=AlogP+B | 6.00E-1 |7.20E+0
Channel C2 V=AP 1.00E+3
Combined V=AlogP+B | 6.00E-1 |7.20E+0

Figure 6-5 Setting DAC Logarithmic and Linear Analog Output "’

When select the A from the front panel of 946, only multiples of 1, 2, and 5 are allowed. Following
is some examples for A corresponding to Py,

1.5x10°
8.4E-3

1x10°
1E-2

5x10°
2E-2

2x10°
5E-2

1x10°
1E-1

1x10*
1E+3

5x107°
2E+3

2x107°
5E+3

Prax | 1107
A 1E+4

E If one expects 10V analog output at a pressure different from as stated above, it can
be entered via serial communication. For example, 10V analog output is desired at 1000
mbar for Channel B1, the following serial command can be used: @254DLA3!1.33E-2;FF,
here 3 after DLA is corresponding to the 3™ channel (B1) in the controller.

C Since the measurement ranges for Baratron and MFC may vary significantly, please

pay attention in selecting the DAC parameters to ensure proper Log/linear analog voltage
output from the 946.

15. FV (firmware version) Information

" In order to keep the analog output unaffected by the pressure unit change, the pressure unit in these
equations is fixed toTorr.
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The system firmware information for all of the modules installed in the 946 is displayed
when ON is selected. The serial numbers for all detected boards are also displayed, as
shown in Figure 6-6.

Firmware Version and SN
Slot A CcC 1.00 1102114509
Slot B CM 1.00 1103104503
Slot C PR 1.00 1105083309
Analog IO AlIO 1.00 1101154102
Comm Com 1.00 1102104501
Main Main 1.00 1106031428
7 3
\
Pboars || Version. Number

Figure 6-6 System Firmware and Serial Number Information Displayed on 946 LCD Screen
6.5 Channel Setup for Pressure Measurement

6.5.1 Overview of 946 Channel Setup

Simple and convenient setting of the parameters associated with the sensor connected to the 946
controller (such as calibration, gas selection, relay set point, control set point, and control channel
selection) can be performed using Channel Setup.

Figure 6-7 shows the channel setup parameters for all of the sensors connected to a 946 controller. The
default values are shown in the brown boxes while the ranges for setup are shown in the blue boxes.

To perform a Channel Setup:

e Select the desired channel by pressing either @ or O on the front panel until the green LED on
the left side of the front panel is aligned with the desired channel, as indicated on the LCD
screen.

e Once the channel (sensor) is selected, the channel setup panel can be displayed by pressing
sewe ) The O O @) keys are used to select the parameter to be changed.

e Press to highlight the parameter value, then press either @ or @ 1o change the parameter
value.

e Press to save the setting.

An overview of the 946 Channel Setup options is shown in Figure 6-7. There are five types of sensor
setup interfaces available. All of the variable parameters associated with the vacuum sensors, along with
the ranges for these parameters are summarized in the Figure. The type of sensor is automatically

Channel
detected when the key is pressed and the corresponding interface will be displayed; no manual
selection is required.
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|
Gas Type N2 i
: N Ar
| Factory Default NO He
: Manual Zero NO o NO
: Auto Zero Al ES
Pirani | | | ATM Value 760 DA
and CP | lon gauge Channel
—>: ATM Cal NO /v| Display 2 Relays, Ch# auto detected
| Relay Relay n o
|
| Enable OFF 7 |__oF
: DIR BELOW |— .| ABOVE
BELOW
| SETSP 1.0E+00 - _
2x10™ t0 9.5x10" torr for PR
: Hyst 1.5E+00 2x10° to 9.5x10" torr for CP
: Message 4" Display warning message
e
! Gas Type N2 Rz
| yp \ i
: User Calibration 1.0 He
| [AoDday |
| | ProtectSP | s.0e-03
|
Channel - I Relay Relay n
Setup o C;::Idd : Enable OFF \{ Display 4 Relays, Ch# auto detected
cathode
| DIR BELOW oN
| . OFF
: SETSP 1.0E-05
: Hyst 1.5E-05
| |_Control SP
| Enable OFF ——p| ON
| o o1 OFF
|
| | [Firani/CP Ghannel or NA, auto detected
SET SP 2.0E-03
: 5x10° to 5x10° torr for PR
| Hyst 3.0E-03 2x10° to 5x10° torr for CP
: Gas Type N2 N2
' 1.00 -
| d He
: Filament 1 \ gust
: DG Time 30 Gauge Correction factor 0.1 to 50
_1, 2
| Sensitivity 9.0 _
.
| EC Auto
|
| Protect SP 5.0E-03
Hot |
cathode | | ) i
L P -
| Enable OFF Display 4 Relays, Ch# auto detected
: DIR BELOW oN
: SET SP 1.0E-05 OFF
: Hyst 1.5E-05
: Control SP 5x10"° 0 5.0x10° torr
| Enable OFF I ON
|
| CH B1 \| OFF
Pirani/CP Channel or NA, auto-detected
| SETSP | 1.06-03 = —
| ) 5x10™ to 5x10°7 torr for PR
| Hyst 1.5E-03 2x10° to 5x10° torr for CP
L
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| |
| |
|
| Factory Default NO NO :
|
| Manual Zero NO ES :
NA
: Auto Zero Al > '
on gauge Channel |
| Operation Voltage +/- 15V I
i |
- Relay Relay n \H Display 2 Relays, Ch# auto detected :
: Enable OFF ON |
|
| DIR BELOW i |
| ABOVE |
| SETSP 1.00E+01 oW |
|
| Hyst 1.50E+01 A 1% to 95% of its full scale | |
| |
| |

Message 4" Display warning message |

|
C:::un:l - : Scale Factor 1.00 m ON
: Nominal Range 1.00E+3 —>|0.1to 1.00E+6
| Zero NO NO
| YES
| FD NO
i
| Range 1.00E+3
| Open PID Ctrl
| OP Mode Setpoint P Close RatioM
MFC | || FlowRate SP | 2.00E+2 Setpoint | _Ratioh
—»: Operation Voltage +15 to +24V

+15 to +24V

DIR BELOW

Relay Relay n § +/-15V
Enable OFF é“ Display 2 Relays, Ch# auto detected

\H Display warning message |

Figure 6-7 946 Channel Setup Setting Parameters, their Default Values and Ranges

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I |
I |
I |
I |
! |
! |
: SET SP 1.00E+01 RooE :
| Hyst 1.50E+01 BELOW |
: Message 1% to 95% of its full scale | :
I |
! |

6.5.2 Setup for a Capacitance Manometer

A Capacitance Manometer board present in the 946 controller will be automatically detected and
displayed on power-up. At the same time, the connection of the Capacitance Manometer to the control
board will be checked. If no Capacitance Manometer is connected, - - - - will be displayed.

Refer to Figure 6-8 in setting up a Capacitance Manometer.
1. CM Type
ABS (absolute) and DIFF (differential) Capacitance Manometer can be selected.
2. Input Voltage

The Input Voltage (for the 946 controller) is same as the maximum analog output voltage of the
capacitance manometer. To select the correct value, move the cursor to the Input Voltage box,

press , and this parameter will be highlighted. Use either @ or @ 1o select the correct

voltage. Press to save the correct setting. The valid input voltage ranges for an absolute
Capacitance Manometer are 10 and 5 V. The default value is 10 V.
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The valid input voltage ranges for a differential Capacitance Manometer are 1B V, 5B V, 1U V, 5U
V, and 10U V. Here, B represents bi-directional (for example, 1B means +1 V input voltage, and
the voltage at zero differential pressure is 0 V), and U represents uni-directional (for example,
10U means 0 to 10 V input voltage, and voltage at zero differential pressure is 5 V, exactly at the
middle of the input range). For absolute Capacitance Manometer, valid parameters are 5 and
10V.

3. Range

This parameter is the full-scale pressure range of the Capacitance Manometer. Valid ranges are
from 1x10?% to 1x10** Torr; the default setting is 1000 Torr. Only 3 sections are available in each
decade (1, 2, and 5), except between 1,000 to 10,000 Torr where 1500 Torr is allowed.

For Manometer with pressure unit other than Torr (such as 1000 mBar full scale), one needs to
change the controller pressure unit to match the unit of the Manometer (such as mBar) before
select the appropriate range value.

Auto-detected

Setup CM Gaug =®
CM Type | DIFF Input Voltage suVv
Range 1.00E+03 | Factory Default NO
Auto Zero | NA Manual Zero NO
Operation Voltage: +/-15V
< o

Relay Enable DIR SET SP Hyst
Relayﬁ)a\ SET ABOVE | 1.00E+01 | 9.35E+00
Re|a;5\oy\ ENABLE | BELOW | 3.00E+01 | 5.35E+01

Auto-detected

Figure 6-8 Capacitance Manometer Setup Information Displayed on the 946 LCD Screen

4. Factory Default

When YES is selected for Factory Default, the Manual Zero data is removed, and its value is
reset to zero (factory default). The default setting is NO.

On the front panel LCD display, a small U under the gauge type indication (i.e CM) will disappear
if the gauge was manually calibrated before (user calibrated).

5. Auto Zero
This allows the use of either @ or ¥ to select a valid gauge for autozeroing i.e. - the Baratron

shown in the table below. The available channel is auto-detected. There is an option of NA which
can be selected if Auto Zero is not required. The autozero will be executed only when
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(1) System pressure is less than 10™°xPrs (5 decades lower than the full scale)
(2) The Baratron reading is between 5x10*xPrs and 0.05xPs (0.05% to 5% of the full scale)

When a Capacitance Manometer is zeroed, a U will be displayed under the gauge type indicator
(CM) to indicate that this Manometer has been user calibrated.

You cannot use another Capacitance Manometer to autozero a Capacitance Manometer since
the range cannot be auto-detected. Table 6-1 shows the valid gauges that can be used for
autozeroing Manometers that have different full-scale ranges.

Full scale of CM CP PR cC HC
> 1000 Torr Yes Yes Yes Yes
100 Torr No Yes Yes Yes
<20 Torr No No Yes Yes

Table 6-1 Valid Gauges for Autozeroing Capacitance Manometers of Different Ranges

C The Capacitance Manometer and the reference auto-zero sensor must be connected
to the same chamber at all times.

6. Manual Zero

The default setting for the Manual Zero function is NO. When it is set to YES the Manometer can
be manually zeroed. To do so, the system pressure must be less than 10'5XPFS (5 decades less
than the full scale). The Manual Zero function will abort if the overall offset is great than 5% of the
full scale.

When a Capacitance Manometer has been manually zeroed, a U will be displayed under the
gauge type indicator (CM) to indicate that this Manometer is user calibrated.

7. Operation Voltage

The operation voltage on the 946, is fixed at +/-15 Volts. This limits the selection of capacitance
manometers to only those requiring +/-15 Volts operation power.

8. Relay

Relays for each Capacitance Manometer channel are preset (2 per channel), as shown below.
These values are auto-detected.

Sensor location A1 A2 B1 B2 C1 Cc2
1&2 3&4 5&6 7&8 9 &10 11 &12

Relay assigned

9. Enable
There are three ways to enable a relay:

a. SET: forces the relay to stay in the activated state (closed) regardless of pressure and
set point values

b. CLEAR: forces the relay to stay in the deactivated state (open) regardless of pressure
and set point values.

c. ENABLE: the relay status is determined by the pressure, set point value, and direction.
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10. DIR

DIR determines when the relay is activated. If ABOVE is selected, the relay will be activated
when the pressure is above the set point (higher than the set point pressure). If BELOW is
selected, the relay will be activated when the pressure is below (less than) the set point. The
default setting for DIR is BELOW.

Figure 8-1 provides a more detailed description of the DIR setting.

11. SET SP

The SET SP function allows input of the set point value. The unit will accept a range of 100% of
the manometer full scale range. The speed of the value change can be increased by continuously

pressing the @ or @ key during the setting change.
12. Hyst

When a set point value has been changed, the hysteresis value will be changed automatically. If
DIR is set to ABOVE, the hysteresis is automatically set to 0.9xSet point; if DIR is set to BELOW,
the hysteresis is automatically set to 1.1xSet point.

To modify the hysteresis, move the cursor to the hysteresis value and press . Using the @

or @ key, change the value, then press again to set the value. When DIR has been set to
ABOVE, the maximum hysteresis value permitted for a Capacitance Manometer is 0.99xSet
point; when DIR is set to BELOW, the minimum hysteresis value is 1.01xSet point.

6.5.3 Setup for a PR (Pirani)/CP (Convection Pirani) Sensor

Refer the Figure 6-9 for setting up a Pirani or Convection Pirani sensor.

[[Auto-detected |
Setup Convection Pirani Gauge@/
Sensor | CP Gas Type FD [NO
Auto Zero | NA Manual Zero
ATM Value | 7.6E+02 | ATM Cal NO
« =

Relay Enable DIR SET SP Hyst
Relay/1 1\ ENABLE | ABOVE | 1.0E-02 | 9.0E-03
Relay\uj\ CLEAR | BELOW | 3.0E-01 | 3.3E-01

Auto-detected
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Figure 6-9 Pirani/Convention Pirani Setup Information that is Displayed on the 946 LCD Screen

1. Sensor

The Sensor Type is often auto-detected during the initial power up the Pirani or Convection Pirani
sensor. If the sensor type is auto-detected, a user cannot change the sensor type from the front
panel. However, when a dummy sensor is connected to the controller, it cannot detect the sensor
automatically. Under this condition, the sensor type can be selected manually, and stored in the
memory. This information will be used as the default sensor type if sensor power is cycled.

2. Gas Type

Select the gas type by moving the cursor to the Gas Type box and pressing key. Use the @

orthe ™ keys to select the correct gas type for the sensor. Three gas types (N, Ar and He) can
be selected. The default setting is N,.

3. FD (Factory Default)

If YES is selected for Factory Default, the Manual Zero and ATM Cal data are restored to the
factory default values. The default setting for the Factory Default function is NO.

A mall U under the gauge type indication on the front panel LCD display (PR or CP) will
disappear if the gauge was manually calibrated.

4. Auto Zero

Use the @ or the ¥ keys to select a valid gauge for autozeroing the Pirani (PR) or Convection
Pirani (CP). An lon gauge must be used as the zero reference.

The zero will be executed for Pirani only when:
(1) The system pressure is less than 1X10® Torr (1x10 Torr for Convection Pirani).

(2) The Pirani reading is within the range 5x1 0° Torr (5x1 0* Torr for Convection Pirani)
and 1x107 Torr.

The default setting for the Auto Zero function is NO.

E Ensure that the Pirani/CP and the reference auto-zero lon Gauge sensor are
connected to the same chamber at all times.

5. Manual Zero

The Pirani/CP sensor can be manuallyé zeroed when YES is selected for this function. Ensure that
the system pressure is less than1x10® Torr (1x10 Torr for CP) before executing a Manual Zero.
The Manual Zero function will abort if the overall offset is over 1x10? Torr. The default setting for
the Manual Zero function is NO.

On the front panel LCD display, a small U under the gauge type indication (i.e CP or PR) will
appear when the gauge is manually zeroed.

6. ATM Value

This value is used to calibrate the Pirani/CP at atmospheric pressure. The default value is 760
Torr. Recall that elevation and weather will affect local atmospheric pressures.

On the front panel LCD display, a small U under the gauge type indication (i.e CP or PR) will
appear when the gauge is manually calibrated.

7. ATM Cal
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10.

11.

12.

13.
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When YES is selected for the ATM Cal function, the ATM Value will be entered as the reference
pressure for the ATM calibration of Pirani/CP. The default setting for the ATM Cal function is NO.

On the front panel LCD display, a small U under the gauge type indication (i.e CP or PR) will
appear when the gauge is manually calibrated.

Relay

Relays for each PR/CP channel are preset (2 per channel) as shown below. These values are
auto-detected.

Sensor location A1 A2 B1 B2 C1 C2

1&2 3&4 5&6 7&8 9 &10 11 &12

Relay assigned

Enable
There are three ways to enable a relay:

e SET: forces the relay to stay in the activated state (closed) regardless of pressure and
set point values

e CLEAR: forces the relay to stay in the deactivated state (open) regardless of pressure
and set point values.

o ENABLE: the relay status is determined by the pressure, set point value, and direction.
DIR

DIR determines when the relay is activated. If ABOVE is selected, the relay will be activated
when the pressure is above the set point (higher than the set point pressure). If BELOW is
selected, the relay will be activated when the pressure is below (less than) the set point. The
default setting for DIR is BELOW.

Refer to Figure 8-1 for more a detailed description of the direction setting.
SET SP

This function allows input of the desired set point value. The valid range is 2x107 to 9.5x10*" Torr
for Pirani gauges, and 2x10° to 9.5x10" Torr for Convection Pirani gauges. The speed of the

value change can be increased by continuously pressing the @ or @ key during the setting
change.

Hyst

When the set point value has been changed, the hysteresis value will be changed automatically.
If DIR is set to ABOVE, the hysteresis will automatically be set to 0.5xSet point; if DIR is set to
BELOW, the hysteresis is automatically set to 1.5xSet point.

To modify the hysteresis, move the cursor to the hysteresis value, press and use the @ or

2 keys to change the value, then press again to set the value. The maximum hysteresis
value permitted for PR/CP gauges is 0.9xSetpoint when DIR is set to ABOVE; the minimum
hysteresis is 1.1xSet point when DIR is set to BELOW.

Power Control of a Pirani or Convection Pirani Sensor

Power to the Pirani or Convection Pirani gauges can be turned on or off using the Power On/Off
push button.
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Note that when a pyrophoric gas is encountered (such as during the degeneration of cryo-trap), it
is strongly recommended that the filament power of the Pirani or Convection Pirani sensor be
turned off to avoid any potential for ignition of the gas.

The power to the Pirani sensor should also be turned off when sensors are “hot swapped” to
avoid any potential for sensor damage.

If the power for a Pirani or Convection Pirani is turned off while it is controlling (either AUTO or
SAFE) an ion gauge, the lon gauge will be switched off immediately. To avoid the lon gauge
being turned off at high vacuum (especially, for a Cold Cathode gauge which may take long time
to start at UHV), it is recommended to disable the control of the lon gauge first before powering
off a Pirani or Convection Pirani sensor.

When the power to the Pirani is turned on, a time delay is added to avoid having an lon gauge
being turned on at high pressure when a potential inaccurate transient pressure indication may
occur while the power-up for PR/CP sensor is in progress.

6.5.4 Setup a Cold Cathode Sensor
Please refer the Figure 6-10 for setting a Cold Cathode Sensor.

1. Gas Type (GT)
To move the cursor to the Gas Type box, press , then use the @ or (¥ keys to select the

correct gas type for the sensor. Three gas types (N, Ar and He) can be selected. Default setting
for Gas Type is N,.

2. User Input Calibration Gas Correction Factor (U Cal)

This allows the user to enter different correction factors for Cold Cathode sensors. This function is
useful, when the calibration gas used is not one of these listed above (N, Ar or He). The valid
range is 0.1 to 50, and the default setting is 1.0.

Setup CC Gauge A1
GT | N2 |UCal 1.0E+00 | AO Delay 3
Fast Relay SP 1.0E-05 Prot SP 5.0E-03

Relay Enable Dir/Ch SET SP Hyst

Relay 01 | SET BELOW | 1.0E-06 | 9.0E-07
Relay 02 |CLEAR | BELOW | 3.0E-05 | 3.3E-05
Relay 03 |ENABLE | BELOW | 2.0E-08 | 1.8E-09
Relay 04 |CLEAR | BELOW | 5.0E-07 | 5.5E-07
Control SP | AUTO B1 1.0E-03 | 1.2E-03

Figure 6-10 Cold Cathode Setup Information as Displayed on 946 LCD Screen

3. AO Delay

The Analog Out Delay function prevents the activation of the Cold Cathode sensor's set point
relays and maintains their outputs in the OFF state until the delay has expired. The range is from
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3 to 300 seconds and the default value is 3 seconds. When the AO delay is active, WAIT will be
displayed on the front panel rather than a pressure reading.

4. Fast Relay SP™

To meet the requirement for fast control of vacuum system (such as to close a valve rapidly to
protect an UHV system), a special Cold Cathode control module with a fast relay control is
available. The response time is typically less than 15 msec, and the control set point for this fast
relay is set via the Fast Relay SP described here. The hysteresis is approximately 15% of the set
point value, that is, the relay will be re-energized when the system pressure is 15% below the set
point. The default set point value is 1x1 0® Torr.

E The fast response relay is only available on the (CL) type cold cathode card. See
937B/946 cold cathode addendum.

5. Protect SP

The Protect Set Point function will turn the Cold Cathode high voltage off at the specified
pressure readings. The valid Protect Set point range for a Cold Cathode is 1.0x10”° Torr to
1.0x102 Torr. The default value is 5.0x10° Torr. It can be disabled if you continue to press @
button when the set point value is over 1.0x107 Torr.

C When the Protect Set Point is triggered, the Auto control is disabled. The gauge can
then be turned on only manually or by serial command. This is due to the fact that the
gauge control set point should normally act first. When Protect Set Point is tripped, this
indicates that the control set point is not function properly, probably due to an
inappropriate system configuration (control gauge and ion gauges are not connected to a
same volume), or to a control gauge malfunction.

6. Relay

Relays for each channel are preset as shown below. These values are auto-detected. When
single sensor CC board is used, 4 relays are assigned to each Cold Cathode sensor.

Sensor location A1 B1 C1
Relay assigned 1&2&3&4 5&6&7&8 9&10& 11 & 12
7. Enable

There are three ways to set a relay:

e SET: forces the relay to stay in the activated state (closed) regardless of pressure and
set point values

e CLEAR: forces the relay to stay in the deactivated state (open) regardless of pressure
and set point values.

o ENABLE: the relay status is determined by the pressure, set point value, and direction.
8. DIR

To prevent the Cold Cathode from being turned on at high pressure, the DIR for a Cold Cathode
is set to BELOW permanently.

Refer Figure 8-1 for more detailed description of the direction setting.

2 FAST relay SP works only when the special Cold Cathode board with fast relay output is included.
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9. SETSP

This function permits input of a desired set point value. The valid range is 2x10™'° to 5x107 Torr.
To speed up the value change, hold the @ or @ key.

10. Hyst

Once a set point value has been changed, the hysteresis value will automatically be changed.
Since the direction is set to BELOW for Cold Cathode sensor only, the hysteresis will be set to
1.5xSetpoint automatically.

To modify the hysteresis, move the cursor to the hysteresis value and press . Use the @ or

@ key to change the value, then press again to set the value. The minimum hysteresis
value for a Cold Cathode gauge is 1.1xSet point; DIR is set to BELOW at all times.

11. Control SP

The Control Set Point function is used to turn the Cold Cathode gauge on or off by using a
reference gauge, typically a Pirani, Convention Pirani or a Capacitance Manometer (<2 Torr full
scale). This function prevents the Cold Cathode Gauge from operating at high pressure, thereby
extending the service life of the Cold Cathode sensor. Valid Control Set point values range from
5x10™ to 1x10 Torr for a Pirani, from 2x107 to 1x107 Torr for a Convection Pirani gauge, and
from 0.2% of full scale to 2x10 Torr for Capacitance Manometer (<2T full scale). The upper limit
can be extended to 0.95 Torr using a serial command. The default Control Set Point value is
5x10 Torr.

& If the controlling gauge (PR/CP/CM) and Cold Cathode gauge are connected to the
same chamber, ensure that the control SP is less than 5x1 0?3 Torr; otherwise, the CC
sensor life may be shortened due to high operating pressure. The CC sensor may be
turned off by the Protect Set Point function.

E The 1x10? Torr upper limit can be extended to 9.5x10™" Torr by using a
@254 XCS!ON;FF serial command to cover the condition when the PR/CP/CM and CC are
installed on different location. For example, when the PR/CP/CM is installed on the foreline
between the mechanical and turbo pumps (being used to monitor the mechanical pump
pressure), and the CC is installed on the high vacuum chamber downstream of the turbo

pump.

£ When the power of PR/CP is turned off, or the cable is unplugged, the CC will be
turned off if the control set point is enabled.

€ When a Capacitance Manometer (<2T) is used to control a Cold Cathode gauge, it is
strongly recommended to enable the AUTOZERO of Capacitance Manometer as a zero
shift of the Manometer may cause damage of the lon gauge.

To set the Control SP, first select the control channel (Dir/Ch). Once a valid channel has been
selected, the Control SP function can be enabled. There are three choices:

e AUTO: the high voltage for a Cold Cathode gauge is controlled solely and
automatically by the controlling gauge (PR/CP). However, if the protection set point
is triggered, the auto control will be disabled, and the CC sensor can only be turned
on manually.

e SAFE: the high voltage for a Cold Cathode Gauge can be automatically turned off by
the controlling gauge; however, it can only be turned on manually. This keeps the
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Cold Cathode sensor from being turned on at high pressure, especially, when the
controlling gauge is not properly set.

e OFF: Even if the control channel is selected, it will not be activated. The Cold
Cathode must be turned on/off manually.

12. Cold Cathode Board with Fast Relay Output

When fast control using a Cold Cathode sensor is required (<15 msec), a Cold Cathode board
with fast relay output control is available. This fast control is achieved by comparing the buffered
analog output signal with an internal DAC output determined by a serial command
(@254FRCn!d.dE-ee;FF, where n is the channel number (1, 3, 5), and d.dE-ee is the pressure
set point value). The comparator controls an opto-isolated solid state relay, which enables the
fast control of an external device.

6.5.5 Setup a Hot Cathode Sensor

Refer to Figure 6-11 for setting up a Hot Cathode sensor.

1. Gas Type

Move the cursor to the Gas Type box, press , and use either ® or ¥ key to select the
correct gas type for the sensor. Four gas types (N2, Ar, He and CUST) can be selected.

When N2, Ar, and He are selected, the corresponding gas correction factor is displayed on the
right-hand side of the Gas Type box, and this value cannot be modified. However, when CUST is
selected, a customized gas factor can be entered, and the valid range is from 0.1 to 50. Values
shown in Table 6-2 may be used if the type of gas inside the vacuum chamber is known. More
detailed correction factors are available in Appendix 14.1.

2. Filament

Indicates the number of the filament being used. The valid values are 1 and 2. The default setting

is 1.
Setup HC Gauge A1
Gas Type | N2 1.0 Filament 1
DG Time |30 Sensitivity 9.0
EC 20 uA Protect Setpoint 5.0E-03
Relay Enable Dir/Ch SET SP Hyst
Relay 01 | SET BELOW | 1.0E-06 | 9.0E-07
Relay 02 |CLEAR | BELOW | 3.0E-05 | 3.3E-05
Relay 03 |ENABLE | BELOW | 2.0E-08 1.8E-09
Relay 04 |CLEAR | BELOW | 5.0E-07 | 5.5E-07
Control SP | SAFE B1 1.0E-03 1.2E-03

Figure 6-11 Hot Cathode Setup Information Displayed on 946 LCD Screen
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Gas Symbol | Relative correction factor to N,

Air 1.00

Carbon Dioxide

Table 6-2 Relative lonization Correction Factor to N2 for Different Gases

3. DG Time

Refers to the degas time set for a Hot Cathode gauge. The value can be set from 5 to 240
minutes with a minimum step of 1 minute. The default value is 30 min.

4. Sensitivity

Indicates sensitivity of the Hot Cathode gauge. Its typical value is 9 Torr” for the MKS Low Power
Nude sensor, and 12 Torr ' for the Mini BA gauges. These default values will be automatically
selected based on the type of sensor being detected if no user-defined sensitivity value is stored.

A user can change the sensitivity, and its valid range is 1 to 50 Torr”". Once a user-defined
sensitivity is saved, this sensitivity value will be used as default value when powering up a same
type of Hot Cathode gauge.

If a user changes the sensitivity without a Hot Cathode gauge being connected, this user-defined
sensitivity value will be saved as the default sensitivity for all the HC sensor types.

5. EC

The Emission Current can be set to 20 uA, 100 uA, Auto20, or Auto100. When Auto is selected,
the emission current is either 20 uA or 100 uA when pressure is higher than 1x1 0 Torr, and
automatically switches to 1 mA when pressure is below 1x10 Torr. The default setting for the
Emission Current is 20 uA.

6. Protect SP
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The Protect Set Point is used to turn off the Hot Cathode high voltage based on its own pressure
readings. The valid protect set point range for a Hot Cathode is 1.0x10”° Torr to 1.0x10? Torr. The
default value is 5.0x10° Torr. Itis can be disabled if the you continue to press (@ putton when
the set point value is over 1.0x1 0 Torr.

E Once the Protect Set Point is triggered, the Auto Control will be disabled. The
gauge can be turned on only manually (or by serial command) because the control set
point should normally act first. The tripping of the Protect Set Point indicates that the
control set point is not functioning properly, most likely caused by an inappropriate
system configuration (control gauge and lon gauges are not connected to the same
volume), or a control gauge malfunction.

7. Relay

Relays for each channel are preset (4 per channel) as shown below, and auto-detected.

Sensor location A1 B1 C1
Relay assigned 1&2&3&4 5&6&7&8 9&10& 11 & 12
8. Enable

There are three ways to enable a relay:
e SET: force the relay to activate (close) regardless of pressure and set point values
e CLEAR: force the relay to deactivate (open) regardless of pressure and set point values.
o ENABLE: relay status is determined by the pressure, set point value, and direction.
9. DIR

To prevent the hot cathode from being turned on at high pressure, the DIR for a Hot Cathode is
permanently set to BELOW.

Refer to Figure 8-1 for a more detailed description of the direction setting.

10. SET SP

Enables setting of the desired set point value. The valid range is 5x1 0"%t0 5x10°. To speed up
the value change, hold the @ or (¥ key.

11. Hyst

Once the set point value is changed, the hysteresis value will be changed automatically. Since
the direction is set to BELOW for the Hot Cathode sensor only, the hysteresis will be set to
1.5xSet point automatically.

To modify the hysteresis, move the cursor to the hysteresis value, press , use the ® or ¥

key to change the value, and press to set the value. The minimum allowed hysteresis for the
Hot Cathode is1.1xSet point when direction is set to BELOW.

12. Control SP

The Control set point is used to turn on or off the Hot Cathode gauge using a reference gauge,
typically a Pirani or a Convention Pirani. This prevents the Hot Cathode gauge from operating at
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high pressure, and therefore extends the service life of the Hot Cathode sensor. The valid control
set point value is from 5x10™ to 1x1072 Torr for a Pirani, from 2x10° to 1x1072 Torr for a
Convection Pirani, or from 0.2% of full scale to 2x10 Torr for a Capacitance Manometer (<2T full
scale). This upper limited can be extended to 0.95 Torr by using a serial command. The default
control set point value is 5x10 Torr.

€ If the controlling gauge (PR/CP/CM) and Hot Cathode gauge are connected to the
same chamber, make sure the control SP is less than 5x1 0 Torr, otherwise the HC sensor
may be damaged due to high operating pressure. The HC sensor can be turned off by the
protect set point setting.

E The 1x10? Torr upper limit can be extended to 9.5x10™" Torr by using a
@254 XCS!ON;FF serial command to cover the condition when the PR/CP and CC are
installed on different location. For example, when the PR/CP is installed on the foreline
between the mechanical and turbo pumps (being used to monitor the mechanical pump
pressure), and the CC is installed on the high vacuum chamber downstream of the turbo

pump.

C When a Capacitance Manometer (S2T) is used to control a Hot Cathode gauge, it is
strongly recommended to enable the AUTOZERO of Capacitance Manometer as a zero
shift of the manometer may cause damage of the ion gauge.

To set the Control SP, first select the control channel (Dir/Ch). Once a valid channel is selected,
enable the Control SP. Three choices are available:

e AUTO: The filament power for a Hot Cathode gauge is controlled solely and
automatically by the controlling gauge (PR/CP).

e SAFE: The filament power for a Hot Cathode gauge can be turned off by the
controlling gauge automatically, however, it can only be turned on manually. This
prevents the Hot Cathode sensor from being turned on at high pressure, especially
when the controlling gauge is not set properly.

e OFF: Even if the control channel is selected, it is not activated. The Hot Cathode
sensor must be turned on/off manually.

6.6 Power Control of a Pressure Sensor

When a pressure sensor is attached on a 946 Controller, the power to the pressure sensor may have to
be controlled. For example, turning on a HC sensor at ambient pressure may result in a filament burnout,
and lead to permanent damage of the sensor.

If flammable gas is used (such as during a regeneration of a LN, cooled cold trap), the PR/CP sensor
must be turned off to avoid potential explosion.

Only the Pirani (PR), the Convectional Pirani (CP), the Cold cathode (CC) and the Hot Cathode (HC)
sensors require power control.

6.6.1 Power (including degas) Control of a Sensor using Front Panel
Control Button

To turn on/off the power for a sensor (PR/CP/CC/HC) using the front panel button, use the following
procedure:
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1. Usethe @ orthe ™ key to select the desired sensor (PR/CP/CC/HC) to be
turned on/off. The active channel (sensor) is indicted by the illuminated green
LED on the front panel. —

2. Foran lon gauge (CC/HC), make sure the gauge is not controlled automatically
by another gauge (PR/CP). If it is in the AUTO control mode, disable the control On/off
set point before using the front panel keypad to operate the lon gauge.

3. The \XJ key switches the corresponding sensor on and off.

E When the ion gauge is turned on, the filament power may turn off automatically if the
pressure is higher than the protection set point. (Default is 5x1 0 Torr, and maximum is 1x107
Torr.)

A Cold Cathode sensor turns on/off the high voltage to the sensor anode. When Cold Cathode
sensors are turned on at very low pressures, the sensor may take a long time to start as the
discharge current does not build up immediately.

Prolonged operation at higher pressures will degrade the performance of a Cold Cathode sensor,
due to contamination of the sensor caused by rapid sputtering inside the cell at high pressure, which
reduces the operating service time before the sensor requires cleaning. Operation at pressures
above 5x10" Torr will result in the sensor falsely indicating a much lower pressure, even though this
is very unlikely as the maximum protect set point is set to 1x1 0 Torr. This phenomenon is called
rollback, and is due to high concentrations of charge particles that make gas conductive at high
pressure. Avoid operating conditions that could cause rollbacks.

For the Hot Cathode sensor, operation at high pressure may lead to filament burnout. This is why the
Protection Set Point is always enabled for ion gauges within 946 so the gauges can automatically
turn off once pressure is higher than the protection set point.

To turn on/off the degas power for a Hot Cathode gauge; the procedure is almost identical to the sensor

Degas
power control, except that the button is used.

:é When MKS low power nude or Mini BA gauges are used, these sensors (up to 3) can be
degassed simultaneously. However, if glass BA is used, only one glass BA sensor can be
degassed at a time because of its extremely high degas power consumption (close to 50 W at
grid).

6.6.2 Power (including degas) Control of a Sensor via 37 pin AlO D-Sub
Connector

A connected pressure sensor can also be turned on/off by sending a control signal to pin 15 to 20 on the
37pin D-sub connector located on the back of the AIO module as shown in Table 6-3.

To turn off a sensor, pull the pin to the ground. The sensor power is turned off when a microprocessor
detects a falling edge on the input pin. Cycling gauge channel power, controller power or removing
ground from the pin turns the gauge power back on--sensor power is turned on when a rising edge is
detected.
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C The power to an lon Gauge can be controlled use these methods. Rear panel serial command and
front panel power (sensor ON/Off). Any of the three methods can be over ridden by the other.

Since only one Hot Cathode gauge can be connected to the board, pin 16, 18, 20 are used to control the
filament degas power.

Description Pin Description

1 Buffered Aout A1 11 Log/Lin Aout C1

2 Buffered Aout A2 12 Log/Lin Aout C2
3 Buffered Aout B1 13 Combination Aout 1
4 Buffered Aout B2 14 Combination Aout 2
5 Buffered Aout C1 15 Power A1

6 Buffered Aout C2 16 Power A2/Degas A1
7 Log/Lin Aout A1 17 Power B1

8 Log/Lin Aout A2 18 Power B2/Degas B1
9 Log/Lin Aout B1 19 Power C1

10 Log/Lin Aout B2 20 Power C2/Degas C1

211037 Ground

Table 6-3 Pin Out for lon Gauge Remote Control

:E: Control pins 15-20 are pulled up by internal circuit, therefore, there is no external voltage
source required to pull up the pin.

6.6.3 Power (including degas) Control of a Sensor using Serial
Communication Commands

The following serial communication command turns on/off the channel power for a sensor
(PR/CP/CC/HC) connected to 946 remotely.
@254CPn!ON;FF

Here, n=1 to 6, which is corresponding to the gauge connected to channels A1, A2, B1, B1, C1
and C2, respectively.

The corresponding response that the command has been sent successfully is
@002ACKON;FF

To turn off an ion gauge, enter the following command:

@254CPn!OFF;FF

The expected response is as follows:

@002ACKOFF;FF

The following serial command turns on/off the degas power for a Hot Cathode gauge connected to 946
remotely.

@254DGn!ON;FF
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Here, n=1,3,5, which is corresponding to the gauge connected to channels A1, B1, and C1,
respectively.

If the command is properly sent, the corresponding response will be:
@002ACKON;FF

Use the following command to turn off the degas power:
@254DGn!OFF;FF

The expected response is as follows:

@002ACKOFF;FF

6.7 Channel Setup for Flow Measurement and MFC Based Pressure
Control

When an MFC board is installed in a 946 Controller, the 946 Controller can be used to operate MKS
Mass Flow Controllers to control the mass flow rate, or operate a mass flow meter to monitor the mass
flow rate. Up to six MFCs can be simultaneously controlled by one 946. When both MFC and pressure
(CM, PR, CC, HC) boards are installed in the controller, Mass Flow Controller can even be used to
dynamically control the system pressure.

=
"

Figure 6-12 946 Front Panel.

6.7.1 Simple Operations of a Mass Flow Controller

Following simple operation commands for an MFC can be easily executed by pressing the buttons on the
946 front panel: Open, Close, and Set point as shown in Figure 6-12 .

e Open an MFC: To set an MFC to fully open mode (set the internal control valve to fully open
condition), following steps are required:
o Move the green LED on the front panel to a desired MFC channel by pressing either the

@ or the K2 key;
o Pressthe key, and an “Open” indicator will start to blinking on the front panel;
o Press key to confirm the operation, and the “Open” indicator will stop blinking.

C When an MFC is set to Open mode, the flow rate is often significantly higher than
the full scale flow rate of the Mass Flow Controller, therefore, it is too high to be measured
by MFC (indicated such as >1100 on the front panel for a 1000 sccm MFC).
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e Close an MFC: To set an MFC to fully close mode, following steps are required:
o Move the green LED on the front panel to a desired MFC channel by pressing either the

@ or the @ key;
o Pressthe key, and a “Close” indicator will start to blinking on the front panel;
o Press key to confirm the operation, and the “Close” indicator will stop blinking.

e Setan MFC to set point mode: To set an MFC to set point open mode, following steps are
required:
| o Move the green LED on the front panel to a desired MFC channel by pressing either the
@ or the K2 key;
o Pressthe key, and a “SP” indicator will start to blinking on the front panel; the “SP”
and flow set point value will be displayed alternatively.
o Press key to confirm the operation.

E The flow set point should be set via the MFC Channel Setup screen as described in
section 6.7.2. Due to the limited space, only 2 digit resolution is displayed (for example, a
set point of 1350 sccm will be displayed as 1.4E+3).

6.7.2 Setup MFC Controlling Parameters for Flow Control

When an MFC is connected to 946 controller, several parameters must be set properly (such as gas scale
factor, range) in order to ensure the proper operation of the Mass Flow Controller.

The Mass Flow Controller setup screen can be accessed by moving the green LED indicator to the

desired MFC channel first, then press the button on the 946 front panel as shown in Figure 6-12.
The setup screen for an MFC is shown as below:

Setup MFC (sccm) C1

Scale Factor 1.40 | Nominal Range 1.0E+3
Zero NO |FD NO Range 1.40E+3
OP Mode Setpoint | FlowRate SP 2.00E+2
Operation Voltage: +15 to 24v

Relay Enable Dir/Ch SET SP Hyst
Relay01 |ON ABOVE | 3.00E+1 | 2.70E+1
Relay 02 | OFF BELOW | 8.00E+2 | 8.80E+2

Figure 6-13 MFC Setup Information Displayed on 946 LCD Screen
Refer to Figure 6-13 for setting up a Mass Flow Controller:

1. Scale Factor

Scale Factor is the gas correction factor ratio between the operating gas and the factory
calibration gas. If the factory calibration gas is nitrogen, the Scale Factor is identical to
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the gas correction factor. Typical gas correction factor values are listed in the Appendix 0
in this manual.

Move the cursor to the Scale Factor box, press key to highlight the parameter (dark

gray background), use the @ ang @ keys to select desired value, and press key
one more time to save the value. The valid range is 0.1 to 10, with a default setting of
1.00.

2. Nominal Range

Nominal Range is the flow range in sccm specified on the MFC based on its factory
calibration gas. To set the Nominal Range, move the cursor to the Nominal Range box,
press key to highlight the text, use the @ and @ keys to select the full scale flow

rate for the MFC, and press key one more time to save the value. Note that the MFCs
always employ unit of SCCM on 946 setup screen and the valid range is 1.0 to 1.00E+6
sccm (1000 SLM), therefore, when SLM is used for high flow rate MFCs, a factor of 1000
must be multiplied to convert SLM to SCCM.

&

The flow rate range unit is sccm only on the MFC setup screen.

3. Zero

When YES is selected for the Zero function, the output of the controller will be set to zero.
The default for this function is NO.

To Zero the MFC, please ensure the gas flow of the MFC is zero. This can be done by
equalizing the pressure across the MFC.

Once zero MFC flow rate is confirmed, set the Zero parameter to Yes. When Yes is
selected, “Ensure zero flow rate across the MFC!” will be displayed;

Press the Enter button to execute the MFC zero process. When the Enter button is
pressed, the Offset DAC is automatically adjusted to make the display zero for the
selected MFC.

Once MFC zero is executed, an U will be displayed on the front panel such as Channel
A1 shown in Figure 6-1 to indicate this channel has been user zeroed.

=

MFC.

& 946 Display can be zeroed independently by shorting pin 2 and 12 of 15 pin
HD D-sub connector on the back of MFC board.

The maximum zero offset adjustment for 946 is around 3% full scale of a

4. FD (Factory Default)

If YES is for selected for the Factory Default function, the Manual Zero is restored to its
factory calibration value. Default setting for FD is NO.

After FD command is executed, the user zeroed indication U on the front panel will
disappear.

5. Range
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This is the real gas flow range after the Scale Factor being considered. This value is
automatically updated once a new Scale factor or Nominal Range is entered.

6. OP Mode

There are five control operation modes available for an MFC once it is connected to 946
Controller. Following three operation modes can be executed on the Setup MFC screen

once they are selected and button is pressed.

e Open: set the valve inside an MFC to operate at fully open condition quickly. Under
this operation mode, the flow rate can be significantly higher than the full range of the
MFC. This can be useful for system purge application as maximum flow rate is
desired.

e Close: set an MFC to operate at fully close condition quickly.
e Set point: MFC operates at a flow rate specified by the flow set point.

These commands can also be executed by using the buttons on 946 Front Panel as
described in 6.7.1.

The remaining two operation modes stated below are activated elsewhere (using the PID

control dialog box after button being pressed). However, these operation modes
will be displayed here showing the current MFC operation status.

e Ratio: This indicates that multiple MFCs are operated in either Manual Ratio Control
Mode or Auto Ratio Control Modes. Both PID control and ratio recipes must be
defined first before performing Manual/Auto Ratio control of MFCs.

e PID Ctrl: This indicates that current (single) MFC is operated under the PID Pressure
Control Mode, that is, 946 Controller will adjust the flow rate of the current MFC to
control the system pressure. PID Ctrl can be switched back to OPEN, CLOSE, or
SET POINT mode easily using front panel buttons. If the PID control is turned off at
PID Ctrl dialog box, the MFC will be set to SET POINT mode automatically, and the
set point value is the Preset value defined in the PID control recipe.

7. Flow Rate SP

When an MFC is operated in the set point Mode, Flow Rate SP indicates the flow rate set
point for that MFC. The MFC can be set to close when the set point value is less than 2%
of the full scale and to open when the set point value is greater than the full scale (100%).
When the MFC is set to run in other control modes (Open, Close, Ratio, PID), this set
point value is ignored.

E The value for the Flow Rate SP is the actual flow rate, that is, the flow rate
after accounting the scale factor.

8. Operation Voltage

The 946 has the ability to power both +/-15Volt MFCs and +15 to +24Volt MFCs. When
selecting the operating voltage, verify the operating voltage of the MFC. Note, voltage
selection applies to both channels, i.e. B1 and B2.

9. Relay

There are two relays assigned for each MFC. These relays are normally used to provide
alarm signals. For example, a relay can be used to report a low flow possibly caused by
an empty gas cylinder.
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6.7.3 Set MFC(s) for Dynamically Controlling System Pressure

MFC(s) can be used for the dynamic (PID) control of system pressure. This can be very powerful
for many applications such as process control, calibration, controlled chamber backfilling, and
etc., where a stable chamber pressure is often desired. The system pressure may be controlled
by single MFC (PID Ctrl) or multiple MFCs (Ratio Control).

Since several control parameters are involved in dynamic pressure control using MFC(s), control
recipes might be defined first before activate the control. When single MFC is involved in the
pressure control, only PID recipe needs to be defined. However, when multiple MFCs are used
for ratio system pressure control, an additional ratio recipe must be defined as well as the PID
recipe before performing appropriate system pressure control.

For a 946 Controller, only one PID control is allowed to run at a time. However, please note that
PID and Set point control can work independently within the same 946 Controller. If one MFC is
set to PID control mode, the rest of MFCs can still operate under the Set point mode. Similarly, if
several MFCs are operated under the ratio control mode, the remaining connected MFCs can still
operate in Set point mode. This feature is useful in process control; for example, certain
processes require fixed flow rates for reactive precursors, while the carrier gas flow rate must to
be adjusted to meet a desired pressure set point.

6.7.3.1 Set Single MFC for Controlling System Pressure

When an MFC is used to control system pressure, its flow set point value often varies dynamically
as it is affected by system pumping capability, gas flow rate, system pressure, chamber size, and
many other factors. This demands a PID control method for controlling the flow rate dynamically
in order to maintain the system pressure at a desired value.

An appropriate PID recipe must be selected and defined in 946 Controller when to operate an
MFC under PID control mode. The PID Recipe is a collection of 14 control parameters and
settings associated with a PID control of system pressure. In a 946 Controller, maximum of 8
recipes (R1 to R8) can be defined as shown in Figure 6-14.

Pressure Control Parameter Setting Recipe
R1 R2 R3 R4 R5 R6 R7 R8

B1 B2 C1 C2 | Rat | VLV | NA | NA

PIDCh |(C1 P Ctrl Ch A1 P Sp 5.0E+2
Prop - Kp 1.0E+1 CtrIStart 10s
Integral - Ti 1.0E+1 Start 0.0%
Derivative - Td 1 5E+0 End 30.0%
Base 0.0% Ceiling 90.0%
Direction Upstream Preset 30%
GainSchedBand 0% SchedGainCoeff |1

Figure 6-14 Single MFC Control Recipe Setup Screen

E The Base, Ceiling, Preset, Start and End are the percentage of the full scale flow
rate of the MFC on the assigned PID channel, not the actual flow rate.
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6.7.3.1.1 Set the Recipe for Single MFC PID Control
To edit and set a PID recipe, following steps are required to enter the editing mode for PID recipe:

1. Press the button, move the cursor to PID Recipe Edit as shown in Figure 6-4, then

press key to display the Pressure Control Parameters Setting Recipes screen as
shown in Figure 6-14;

2. Press @ or ®keys to select a desired recipe for editing or displaying (highlighted by
grey background, such as C1 in Figure 6-14), then, press to enter key to enter the
edit mode. Once the 946 Controller is at the PID recipe editing mode, one can edit any of
the14 PID parameters and settings associated with each recipe.

£ For all 14 parameters used in MFC PID/Ratio control, only 4 parameters (P set point,
Prop-Kp, Integral-Ti, and Derivative-Td) associated with the active recipe (the recipe being
used by the PID control) can be modified while the PID control is actively running. For rest
of parameters associated with the active recipe, the PID control must be stopped in order
to change them. However, for non-active recipes, all these 14 parameters can be changed
(either from front panel or serial communication).

Refer to Figure 6-14 for setting up MFC PID control recipe:

e PID Ch: This describes the channel of the controlling MFC (single MFC control) or
method (for Ratio) of controlling the system pressure.

a) When single MFC is used for pressure control, the name of the channel
where the MFC is connected (valid names are: A1, A2, B1, B2, C1 and C2)
is used. Since at least one pressure control board (e.g., a Capacitance
Manometer board) is required for measuring and controlling the pressure,
only valid selections will be displayed (maximum of 4 channels) for
selection.

b) When multiple MFCs are used for Ratio pressure control, the valid name
will be Rat.

c) When a valve is used for pressure control, the valid name is Vlv.
d) If nothing is defined for the recipe, NA is used.

e P Ctrl Ch: This assigns the gauge channel for pressure control. The default value is
NA, and available options are automatically detected.

e P Sp: This is the pressure set point for the system control. Note that the pressure unit
is same as the unit set for the 946 Controller.

e Proportional (Kp): This is the proportional control parameter for the PID control of the
system pressure. During the pressure control process, the 946 calculates the
deviation between the current pressure reading and the set point, and multiplied by
the Proportional gain setting. The 946 sets the corresponding MFC/valve control
signal proportional to the Proportional gain setting and the error signal.

The generic expression of PID control used in a 946 Controller is described as follow:

de(t)
dt

1 t
Q) =K, [e(t) + Ffo e(n)dt+ T,

4

Where, Q(t) is the control variable (flow rate for MFC, and valve position for valve),
and e is the control error: (e = ps, —p) for upstream control, and (e = p — p,,) for
downstream control.
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E Note that a higher proportional gain results in a larger change in the
control signal for a given change in the error. If the proportional value is too
high, the system can become unstable. In contrast, a small proportional results
in less responsive (sensitive) control. The range for Proportional gain is 0.002
to 10000. The default setting is 10.0.

:é Since the control error is actual pressure. In order to avoid the
Proportional K, being pressure unit dependent, Torr is used for all internal
pressure calculations and control.

e Integral (T;): This is the integral control parameter (time constant) for PID control of
system pressure. The integral term of the control can eliminate the proportional offset
error that can be accumulated over the time. The integral function considers
accumulated offset over time, and adjusts the control output of the controller by
adding an offset term obtained by multiplying the Integral gain and the accumulated
error.

€ Note that if the integral time constant is too short (T; value is to small),
the accumulated error may become too large, it can cause the controlled
variable to overshoot the set point (cross over the set point, creating a large
positive deviation). The valid range for Integral gain is 0.01 to 10000 second.
The default setting is 1 sec for 946 Controller.

e Derivative (Ty): This is the derivative control parameter (time constant) for PID control
of system pressure. The derivative function creates a valve control signal based on
the rate of change in the sensor’s pressure reading (i.e. the first order derivative of
the pressure reading with respect to time).

:é The derivative term functions to slow the rate of change in the pressure.
It reduces the magnitude of the overshoot produced by the integral
component, and improves the combined control stability. However,
differentiation of a signal amplifies noise and this can cause instability in the
process control if the noise and the derivative gain are sufficiently large. The
range for Derivative gain is 0 to 1000 second and the default value is 0.2
seconds. For MFC, T, should be set to zero due to its slow response of the flow
rate to the corresponding pressure change.

e Ceiling: Ceiling is a control parameter that sets the upper limit of the control signal
output. This is expressed as the percent of full scale for a MFC or the percentage of
the valve opening for a valve. For example, a ceiling setting of 80% for a MFC with
1000 sccm full scale means the flow rate should not go above 800 sccm, while a
ceiling setting of 80% for a valve means the valve control signal output should not go
above 80% of its opening.

The valid range is from Base+10% to 100%. The default setting is 100% and it must
be 10% larger than the Base parameter value.

Appropriate setting of ceiling can avoid the overshoot of the pressure control,
therefore, often leads to more stable control (as flow rate could be significantly higher
than the full scale when the valve is set to open).

e Preset: The Preset value is used to set the flow rate for an MFC (as a percent of the

MFC full scale) or the position (as the percent of valve opening) of the valve when the
PID control is terminated.
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The valid range for Preset is from 0 to 100%. The default value is CLOSE for a MFC,
or 0% for a valve. Once a PID control is terminated, the control mode switches to Set
point control mode automatically, and the set point value is changed to Preset value.

o Base: Base is a control parameter that sets the lower limit of the control signal output.
This is expressed as the percent of full scale for a MFC or the percentage of the
valve opening for a valve. For example, a Base setting of 20% for an MFC with 1000
scem full scale means the flow rate should not go below 200 sccm, while a Base
setting of 20 for a valve means the valve control signal output should not go below
20% of its opening.

The valid range is from 0 to 100%. The default setting is 0 and it must be either equal
to less than the Start parameter value.

A non-zero setting for Base will override the Softstart process, and Base setting will
override the Start setting if it is higher than and Start setting.

Start

End PID
Control

PID End
Control

Start

-y -
Ll -

CtrIStart Time CtrIStart Time

Figure 6-15 Controlled Start Process

e Start: The Start value is the initial set point value for MFC (or the initial position for
valve) during the slow start control process.

a) If Base setting is greater than the Start value, the Start will be overridden
by Base.

b) If Ceiling setting is less than the Start value, the Start will be overridden by
Ceiling.

The range is from 0 to 100% of full scale for a MFC, or from 0 to 100 % for a
control valve. The default setting is 0, and it must be equal or larger than Base
parameter value.

e End: The End value is the ending set point value for MFC (or the ending position for
valve) during the slow start control process (ramp before PID control)

a) If Base setting is greater the End value, the End will be overridden by
Base.

b) If Ceiling setting is less than the End value, the End will be overridden by
Ceiling.

The range is from 0 to 100% of full scale for a MFC, or from 0 to 100 % for a
control valve. The default setting is 0, and it must be equal or larger than Base
parameter value.

e CtrIStart: The CtrIStart value is the time period (in second) over which the valve drive
signal (thus, the valve position) or the MFC flow drive signal goes from the Start to
the End value defined as defined above.

The slow start process as shown in Figure 6- allows a controlled ramping (up or down)
process before dynamic PID control starts, which provides flexibility for the control. If
the Start value is set to zero, this becomes a soft start process that can be used to
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prevent turbulence, reducing the particles in the process chamber during the initial
pump down process

This process will not be executed if the SlowStart is set to zero.

e Direction: Direction sets the valve control to either Upstream or Downstream. During
Upstream control, higher set point often leads to higher chamber pressure, while it is
just opposite during Downstream pressure control process. When a Throttle Valve is
used, the Direction must be set to Downstream. When MFC is used, it is
automatically set to Upstream.

e GainSchedBand: This is the band for gain scheduling PID control, that is, allows
different proportional gain K, at different error band during pressure control. This is
often used for maintaining stable control around the set point (within the scheduled
PID control zone as shown in Figure 6-16, while ensuring the fast approach to the
set point in the normal PID control zone where the control error is large (such as at
the beginning of the control process).

The GainSchedBand is defined as |e|/ps, = |ps, — P|/psp the valid range for
GainSchedBand is from 0 to 30%, and default setting is 0.

e GainSchedCoeff

The SchedGainCoeff is the Gain reduction coefficient for PID scheduled control. By
reducing the proportional gain K, in the scheduled PID control zone, it allows more
stable control near the set point, avoid potential large overshoot during the control,
eventually, provide the optimal balancing between the requirements of fast initial
control and stable set point control. The valid range is from 1 to 200, and the default
value is 1 (no scheduled PID).

Scheduled PID control zone

N\
Psp / \ N\, T~

/ o — —

Normal PID control zone

\J

Time

Figure 6-16 Schematic of a Scheduled PID Control

6.7.3.1.2 Activate PID Pressure Control using Single MFC

Once a PID control recipe is properly defined, a PID control can be activated for controlling the
system pressure. The steps for activating a PID control using single channel MFC are shown
below:
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e Press button (you may need to press this key a couple times) until the front
panel displays the PID Control dialog box for single channel MFC PID control as
shown in Figure 6-17.

e Select the appropriate control recipe for the PID control. Once a PID recipe is
selected, the corresponding PID Ch (such as C1 shown in Figure 6-17) will be
displayed. This is the channel where the MFC being connected for controlling the
system pressure. That is, the flow rate of the MFC will be varied automatically in
order to control the system pressure. At the same time, the pressure set point value
is displayed on the front panel as well (in align with the corresponding channel where
the pressure gauge is connected, such as 4.0E+2 for A1 as shown in Figure 6-17) to
assist the identification of the pressure gauge being used for control, and the
comparison between the real pressure reading and corresponding set point value.
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Figure 6-17 Front Panel Display with the Dialog Box for Single MFC PID Control.

e Change the PID Control parameter from OFF to ON to start the PID control process.
Once PID control is started, the PID control dialog box disappears automatically.
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Figure 6-18 Front Panel Display during PID Control using Single MFC

e During PID control process, the active MFC flow reading and corresponding
controlling pressure gauge reading are displayed in blue color to assist in
distinguishing between these channels. In addition, PID will be displayed as well to
indicate that channel C1 is under the PID control as shown in Figure 6-18.

e The color of the flow rate will turn into red if the real flow rate is >2% of full scale and
20% off the PID set point value. This may happen, for example, when the gas supply
valve for the MFC is turned off accidently during the PID control process. Therefore, it
will provide a warning for user to pay attention to the control.
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6.7.3.1.3 Terminate Single MFC PID Control

To terminate a single MFC based pressure control, you can choose any one of the following
approaches depending upon your termination condition:

1. Close the MFC:
If you want to close the MFC completely, you can move the green LED indicator to
the PID Channel (active MFC channel), and press the button on the front panel,
and key to confirm the action.

2. Open the MFC:
If you want to Open the MFC completely, you can move the green LED indicator to
the PID Channel (active MFC channel), and press the button on the front panel,
and key to confirm the action.

3. Setthe MFC to fixed set point defined by the Flowrate SP in Channel setup screen:
If you want to switch the flow rate to that is defined in channel setup screen, you can
move the green LED indicator to the PID Channel (active MFC channel), and press

the button on the front panel, and key to confirm the action.

4. Setthe MFC to the set point defined in the recipe (Preset)

e Pressthe to display the PID Control dialog box

e Switch the PID Control parameter from ON to OFF as shown in Figure 6-17. Once
the PID control is turned off, the flow rate for the MFC will be changed to the Preset
set point as defined in the recipe as shown in Figure 6-14.

6.7.3.1.4 Effect of PID Recipe Change While Control is Running

Some of the parameters associated with the active PID control can be changed (via either from
panel or serial communication) while the PID control is running. They are pressure set point (P
Set point), proportional (Prop-Kp), integral (Integral-Ti), and derivative (Derivative-Td). This
allows adjusting and optimizing these parameters without turning on/off the PID control.
However, for rest of PID recipe parameters, they are not allowed to change while the control is
running. Certainly, for rest of non-active recipes, there is no such a restrictions, that is, their
parameters can be modified at any time.

When any of these 4 parameters in PID control recipe is modified, the PID recipe will be saved
while PID control is running, and new setting will take effect immediately and affect the on-going
pressure control process. However, the accumulated integral errors will not be reset to zero for
the PID control. If resetting of integral error is desired, one must reset the PID control.

6.7.3.2 Set Ratio Control of System Pressure using Multiple MFCs

Often the time, it is required to maintain the system pressure while keeping the gas compositions
unchanged such as in a reactive sputtering process. This can be achieved by utilizing the ratio
control function built in the 946 Controller. To operate the 946 in Ratio PID control mode, it is
required to setup both PID and Ratio recipes before you can activate the ratio control.

The 946 Controller is capable of simultaneously manual or automatic ratio control of up to 4
MFCs since at least one slot will be taken by the pressure control board to measure the system
pressure.

6.7.3.2.1 Set the Recipe for Ratio PID Control using Multiple MFCs
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The procedure for setting the recipe for Ratio PID control using multiple MFCs is nearly identical
to as described in §6.7.3.1.1. The only exception is that the PID Ch becomes Rat as shown in
Figure 6-19.

During ratio PID control using multiple MFCs, the full range for these MFCs might be different.
Therefore, the Base, Preset and Start settings are actually the percentage of the full scale flow
rate of the master channel. The flow rates for rest of slave channels will follow the master channel
to maintain the gas ratio unchanged.

Pressure Control Parameter Setting Recipe
R1 R2 | R3 | R4 | R5 | R6 | R7 R8

B1 B2 C1 C2 Rat | VLV | NA | NA

PID Ch |Rat P Ctrl Ch Al P Sp 5.0E+2
Prop - Kp 1.0E+1 CtriStart 10s
Integral - Ti 1.0E+1 Start 0.0%
Derivative - Td 1.5E+0 End 30.0%
Base 0.0% Ceiling 100.0%
Direction Upstream Preset 30%
GainSchedBand 0% SchedGainCoeff |1

Figure 6-19 Multiple MFC PID Ratio Control Recipe Setup Screen

E The Base, Ceiling, Preset, Start and End are the percentage of the full scale flow
rate of the master channel, not the actual flow rate.

6.7.3.2.2 Edit the Ratio Recipe for Ratio PID Control using Multiple MFCs

When multiple MFCs are used for ratio control of the system pressure, the Ratio recipe must be
defined first. This recipe determines the concentration (ratio) for different gas species, and the
starting flow rate for the ratio control. To access Ratio recipe edit screen, and turn it into editing
mode, one can follow following steps:
1. Press the button, move the cursor to Ratio Recipe Edit as shown in Figure 6-4,
then press key to display the MFC Ratio Recipe screen;

2. Press @ or ®keys to select a desired recipe for editing or displaying (highlighted by
grey background), then, press key to enter the edit mode as shown in Figure 6-20.
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MFC Ratio Recipe
RR1 RR2 RR3 RR4
RR1 RR2 RR3 RR4
Channel Ref flow % Range
A1 NA NA
A2 NA NA
B1 1.00E+2 20.0 5.00E+2
B2 0.00E+0 0.0 2.00E+2
C1 0.00E+0 0.0 1.00E+3
C2 4.00E+2 80.0 1.00E+3

Figure 6-20 Ratio Recipe Setup Screen for Multiple MFC Based Pressure Control

There are 4 ratio recipes (RR1 to RR4 that one can define in a 946 Vacuum System Controller.

While editing the recipe, the active ratio recipe is highlighted by the gray background such as the
RR2 shown in Figure 6-20. The MFC boards are detected automatically, and their corresponding
flow range (not the nominal range) will be displayed as well to assist the selection of correct flow
rate.

E When either manual or auto Ratio PID control is active, parameters associated with
the active Ratio recipe cannot be changed. In order to change the ratio recipe for the
active control, you must stop the dynamic ratio control first. Certainly, one can still
change the parameters associated with other 3 non-active recipes.

The Ref flow is the reference flow rate for the ratio control. It is used to determine the gas ratio of
the control, and also serves as the starting flow set point for the ratio control. If the Ref flow value
is set to zero, this MFC will be excluded from the dynamic ratio control. Only a channel with non-
zero Ref flow setting will be included in the ratio control automatically. The gas concentration (%)
is calculated and displayed automatically after the initial flow rates are entered.

E The gas concentration displayed in Figure 6-20 may not be true gas concentration in
the system as it does not include the gas flow rate for the MFCs that are not included in
the ratio control. For example, in Figure 6-20, Channel B2 and C1 are not included in the
ratio control, however, they can still be operated under the fixed set point operation mode.

MFCs that are set to ratio control operating mode are tied together during the ratio pressure
control process. The flow rates for all ratio controlled MFCs vary (either increase or decrease)
simultaneously at the same rate. This operating mode can maintain the composition of different
gases during the process even though the total flow rate may change in order to maintain the
system pressure at the control set point. This technique is widely used for processes such as
reactive sputter processes.

During the ratio control of system pressure, a master channel is assigned, and the flow rates for
rest of slave channels will follow the master channel (set point value) to maintain the gas ratio. In
order to achieve best control stability, the channel with maximum absolute flow rate is set
internally as the master channel for the ratio control. For example, channel C2 is the master
channel for the ratio control in Figure 6-20. However, if two MFCs have the same highest flow
rate set point, the first channel in the order of A1>A2->B1>B2->C1->C2 will be selected as the
master channel internally.
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The maximum gas flow rate for a MFC is limited by its full scale and this, in turn, limits the
settings for the ratio control of gas flow. In 946 ratio control, the range for flow control initial set
point is limited to be less than 50% of the full scale. This enables a scaling of 0 to 200% in flow
rate for all MFCs during the for ratio control of system pressure. Because of the range limitation
(50% of the full scale) of the reference flow set point and scaling limit (200%) for flow control, the
maximum gas flow will never surpass the full scale of the MFC during the dynamic ratio pressure
control.

6.7.3.2.3 Manual Ratio vs Auto Ratio Control

There are two operation modes for ratio control using multiple MFCs: Manual and Auto ratio
controls.

During the manual ratio control mode, there is no PID control being involved, and the flow rate

can be decreased by pressing @ orincreased by pressing ®key. Since manual ratio is often
used for optimizing the initial set point values for an automatic PID ratio control, the PID recipe
must be defined as well before one can activate the manual ratio control.

During the auto ratio control using multiple MFCs, the flow rates for MFCs will be adjusted
automatically based on the system pressure. If the pressure reading is below the set point, flow
rates will be increased simultaneously for all ratio channels to increase the system pressure, and
vice versa.

6.7.3.2.4 Activate and Terminate the Multiple MFCs Auto/Manual Ratio Control

After both ratio and PID recipes are properly set, you can start to use multiple MFCs to control the
system pressure. To active the ratio control, you need to

e Press the Pressure Control key (you may need to press this key 2-3 times) until
Ratio Control dialog box is displayed as shown in Figure 6-21;

o Select the appropriate Ctrl Recipe for the ratio control. Only valid Ratio control recipe will
be displayed.

When a valid ratio PID control recipe is selected, the pressure set point (P set point in
Figure 6-19) will be displayed on the front panel (such as 4.0E+2 as shown in Figure 6-21)
to indicate the gauge being used for pressure control, and assist the comparison between
the real pressure reading and the set point value.

e Select the appropriate ratio recipe. Once a ratio recipe is selected, the corresponding gas
concentrations (such as 20.0% for B1, and 80.0% for C2 as shown in Figure 6-21)
associated with the ratio control channel will be displayed to provide the indication of
active ratio channel and corresponding ratio settings.
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Figure 6-21 Front Panel Display with the Dialog Box for Ratio Control using Multiple MFCs

¢ Change the Ratio Control parameter from OFF to Auto to start the PID auto Ratio control,
or to Manual to start the Manual ratio control. Once ratio control starts, the color of the
readings for flow rate associated with the active ratio channels and pressure associated
with the control will turn into blue for the easiness of identification as shown in Figure
6-22. If the gas flow rate is >2% of full scale and 20% off the target setting, the flow rate
reading will turn into red to provide an alarm for the ratio control.

When PID Control is set to ON, the flow set point values for these ratio channels will be adjusted
automatically to achieve the desired system pressure. At the beginning of ratio control, the MFC
may reach maximum flow in order to reach the set point pressure. It is recommended to run the
manual ratio control first to determine the optimal starting flow rate to avoid such an overshoot in
flow and pressure.

€ Both the PID and Ratio recipes (such as R2 and RR2 as shown in Figure 6-21)
cannot be changed when either Auto or Manual ratio control is running.
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Figure 6-22 Front Panel Display during Ratio Control using Multiple MFCs

6.7.3.2.5 Terminate a Ratio Control

To terminate a PID ratio control using multiple MFCs, unlike the signal MFC PID control, you
cannot terminate the PID ratio control by stopping the individual channel control. You must switch
either Manual or Auto ratio control to OFF to terminate the ratio control via the dialog box for ratio
control as shown in Figure 6-21.
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6.7.3.3 Switching Between Different Control Modes/Recipes

Since many parameters are involved in the dynamic control of the system pressure using MFCs,
the PID/Ratio control must be terminated first before switching recipes. Once the control is
stopped, all the MFC will be set to the control mode defined by the Preset inside the recipe. If the
Preset value is zero for an MFC, this MFC will be set to Close mode when the PID/Ratio control is
terminated.

However, switch between Manual Ratio and Auto Ratio is allowed without terminating the control
as same ratio recipe is used.

6.8 Pressure Control using a Control Valve

The system pressure can also be controlled utilizing a control valve. Either an upstream solenoid control
valve on a delivery line or a downstream throttle valve on the vacuum foreline can be used for controlling
the system pressure. When an upstream control valve is used, large opening of the valve leads to high
gas flow rate into the system, therefore, higher pressure in the system, when a downstream valve is used,
larger valve opening results in higher pumping speed of the vacuum system, therefore, lower pressure in
the system.

When upstream valve is used, only one valve, therefore, one type gas flow can be adjusted to achieve
desired pressure set point. When downstream throttle valve is used, the upstream gas flow rate is fixed,
and the pressure is controlled by adjusting the opening of the throttle valve.

Once a valve control board is resided inside a 946 controller, the board will be detected, and the 946
Front Panel Display will be switched to as shown in Figure 6-23 automatically.
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Figure 6-23 946 Display with a Pressure Controlled being Resided in the Controller

E The position displayed on the front panel for an upstream solenoid valve is actually the
percent of the full scale driving current of 