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SUMMARY OF TERMS AND CONDITIONS OF SALE

MECHANICAL WARRANTY: For a period of twelve (12) months
from the date of original shipment to Purchaser thereof, the
apparatus and each part or component manufactured by
Temescal, a division of The BOC Group, Inc., is warranted to be
free from functional defects in materials and workmanship. The
foregoing warranty is subject to the condition that the apparatus,
part or component be properly operated under conditions of
normal use and that regular periodic maintenance and service
he performed or replacements made in accordance with
instructions provided by Temescal. The foregoing warranty shall
not apply to any apparatus, part or component that has been
repaired other than by Temescal or an authorized Temescal
representative or in accordance with written instructions
provided by Temescal; that has been altered by anyone other
than Temescal; or that has been subject to improper installation
or abuse, misuse, negligence, accident or corrosion.

Purchaser’s sole and exclusive remedy under the above
warranty is limited to, at Temescal’'s option, repair or
replacement of defective parts or components or return to
Purchaser of the price of the apparatus. Any such obligation on
Temescal’s part is subject to the following requirements: (x) the
defect must be promptly reported to Temescal; (y) if so advised
by Temescal, Purchaser must return the part or component with
a statement of the observed deficiency not later than seven (7)
days after the expiration date of the warranty to the address
designated by Temescal, during normal business hours,
transportation charges prepaid; and (z) upon examination by
Temescal, the part or component must be found not to comply
with the above warranty. Return trip transportation charges for
the part or component shall be paid by Purchaser. In the event
that Temescal elects to refund the purchase price, the apparatus
shall be the property of Temescal and shall be promptly shipped
to Temescal at Temescal’s expense. This Mechanical Warranty
shall be void and the apparatus shall be deemed to be
purchased AS IS in the event that the entire purchase price has
not been paid within thirty (30) days of original shipment of the
apparatus.

THERE ARE NO EXPRESS OR IMPLIED WARRANTIES THAT
EXTEND BEYOND THE WARRANTY HEREINABOVE SET
FORTH. THERE 1S NO WARRANTY OF MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO
THE APPARATUS OR ANY PART OR COMPONENT THEREOF
AND NO WARRANTY SHALL BE IMPLIED BY LAW.

ltems not of Temescal’s manufacture but resold by Temescal
are the products of other manufacturers and their warranty, if
any, shall apply. THERE ARE NO WARRANTIES OF ANY KIND
ON PRODUCTS OF OTHER MANUFACTURERS RESOLD BY
TEMESCAL, EXCEPT THE WARRANTY OF TITLE, AND NO
WARRANTIES SHALL BE IMPLIED BY LAW. THERE IS NO
EXPRESS OR IMPLIED WARRANTY Of MERCHANTABILITY OR
OF FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO
PRODUCTS OF OTHER MANUFACTURERS.

PERFORMANCE WARRANTY: Temescal warrants that the
apparatus will comply with the specifications set forth in the
purchase order. All specifications are subject to the corrections
and tolerances allowed by the NEC. If the purchase order
expressly provides for factory testing to verify compliance with
the specifications, the Purchaser shall be entitled to witness the

0101-8941-3

testing and the results of the testing. Upon demonstration of
compliance with the specifications by factory testing, Temescal’s
liability for failure to comply with the specifications shall
terminate. In the event that the purchase order does not
describe a comprehensive test program for demonstration of
compliance with the specifications, Temescal’s test program
(which may incorporate extrapolation of data or test results
based upon similarity of criteria established by Temescal) shall
be used for such purpose.

If the purchase order does not expressly provide for factory
testing, compliance with the specifications shall be
demonstrated by field testing which shall be conducted by
Purchaser at Purchaser’s expense. Temescal shall have the right
to: (a) witness the field testing and to verify the results of such
field testing; (b) have free access to all data compiled by the
Purchaser in connection with any field test; and (c) conduct its
own field test at its own expense during any 14-day consecutive
period which may be mutually agreed upon by Temescal and
the Purchaser; provided, however, that Temescal shall have the
right to field test within six months of receipt from the Purchaser
of any notice of failure to comply with the specifications. If
compliance with the specifications is to be demonstrated by
field testing, the Purchaser shall conduct and complete all field
testing within sixty (60) days of the original shipment of the
apparatus and shall promptly notify Temescal of any failure to
comply with the specifications. Temescal shall not be liable for
any failure to comply with the specifications demonstrated by
field testing unless it receives notice thereof within sixty-seven
(67) days of the date of original shipment of the apparatus.

In the event that factory testing or field testing does not
demonstrate compliance with the specifications, the Purshaser’s
sole and exclusive remedy under the above warranty is limited
to, at Temescal’s option, repair or replacement of defective parts
or components or return to the Purchaser of the purchase price
of the apparatus. In the event that Temescal elects to refund the
purchase price, the apparatus shall be the property of Temescal.

Any obligations on Temescal's part under this Performance
Warranty are subject to the following requirements: (x) the
nature of the failure of the apparatus to comply with the
specifications must be promptly reported to Temescal in writing;
(y) if the apparatus has been delivered and field tested, the
Purchaser must return the apparatus or any part or component
to Temescal upon its request, not later than sixty-seven (67) days
after initial shipment to Purchaser, to the address designated by
Temescal, during normal business hours, transportation charges
prepaid; and (z) upon examination and testing by Temescal, the
apparatus must be found not to comply with the specifications.
Return trip transportation charges for the apparatus or any part
or component shall be paid by the Purchaser. This Performance
Warranty shall be void and the apparatus shall be deemed to be
purchased AS IS in the event that the entire purchase price has
not been paid within thirty (30) days of original shipment of the
apparatus.

THERE ARE NO EXPRESS OR IMPLIED WARRANTIES THAT
EXTEND BEYOND THE WARRANTY HEREINABOVE SET
FORTH. THERE IS NO WARRANTY OF MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO
THE APPARATUS OR ANY PART OR COMPONENT THEREOF
AND NO WARRANTY SHALL BE IMPLIED BY LAW.
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DISCLAIMER OF LIABILITY: IN NO EVENT SHALL
TEMESCAL BE LIABLE FOR DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES, ARISING
FROM ANY SOURCE such as, but not limited to, the
manufacture, use, delivery (including late delivery) or
transportation of any apparatus, part or component sold to
Purchaser, whether such damages are caused by Temescal’s
negligence or otherwise. Without limiting the generality of the
foregoing sentence, Temescal shall not be liable for: the cost of

VIS IY

capital; the cost of substitute apparatus, services, repairs,
components or parts; loss of profit or revenue; the cost of power
whether purchased or produced by the consumer thereof; loss
of use of the apparatus or any part thereof, or any other property
owned by Purchaser; claims or costs of Purchaser's customers;
injury to persons or death; or damages to any property. In the
event that any limited warranty or disclaimer of liability is found
to be unlawful or inapplicable, or to have failed of its essential
purpose, Temescal’s liability shall be limited to the amount paid
by Purchaser for the apparatus.

IEneawl Temescal Semiconductor Products

Temescal, a division of The BOC Group, Inc.

2850 Seventh Street_, Berkeley, CA 94710 - Telephone: (415) 841-5720, TWX: 910-366-7366
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USER RESPONSIBILITY

This equipment will perform in accordance with the
instructions and information contained in this manual,
and its referenced documents, when such equipment is
installed, operated, and maintained in compliance with
such instructions. The equipment must be checked
periodically. Defective equipment shall not be used.
Parts that are broken, missing, plainly worn, distorted,
or contaminated, shall be replaced immediately. Should
such repair or replacement become necessary, Temescal
recommends that a telephonic or written request for
service be made to Temescal.

The equipment, or any of its parts, shall not be

altered without the prior written approval of Temescal.
The user and/or purchaser of this equipment shall have
the sole responsibility for any malfunction which results
from improper use, faulty maintenance, damage, improper
repair or alteration by any party other than Temescal.

0101-8941-3 xi
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SAFETY

All standard safety procedures associated
with the safe handling of electricity must
be observed. Always disconnect power when
working inside a VersaVac gauge. Only
trained personnel should attempt to service
the instrument.

0101-8941-1 xiii
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SECTION 1

DESCRIPTION AND SPECIFICATIONS
1.1 DESCRIPTION

1.1.1 General

Microprocessor control enables the Versavac® 2

and the Versavac 5 thermocouple/ionization gauges
to combine continuous thermocouple and ionization
gauge readings with complete front-panel control
in a single modular unit. Dual-unit measurement
(torr and pascal), versatile system interface, and
accessible process-control features are standard
in both gauges. The module is suited to mounting
in a standard 19-in. rack.

The VersaVac 5 gauge accommodates as many
as 5 thermocouple gauge tubes with a total of 7
programmable thermocouple set points. The VersaVac 2
gauge, suited to less complex systems, accommodates
as many as 2 thermocouple gauge tubes with a total
of 4 programmable thermocouple set points. Both
VersaVac models accommodate up to 2 ionization
gauge tubes and 4 programmable ionization gauge
set points each.

1.1.2 Pressure Readings

Thermocouple gauge pressure readings are displayed
on 2 front-panel bar graphs in microns and pascal
simultaneously.

Ionization gauge readings are digitally
displayed, one at a time, in torr and pascal
(switch-selected). The digital readouts are
updated every 500 milliseconds.

For accuracy in reading ionization gauge
pressures, the sensitivity of the installed
ionization gauge tubes can be programmed by means
of front-panel controls to accommodate the measuring
of gas species other than nitrogen.

0101-8941-1 1-1
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Pressure Change

The direction of any ionization gauge pressure
change (decreasing/increasing) is indicated
immediately by illumination of a front-panel LED.
The operator can display the rate of change in
ionization gauge pressure by pushing a front-panel
switch. (The rate of change can be used, for
example, to identify pumpdown rate and to aid
leak-detection).

System Interface

The VersaVac gauges provide an analog output and
BCD (binary-coded decimal) outputs of ionization
gauge pressure for system interface (for such uses
as data-logging and automatic ionization-gauge
pressure control). The analog output voltage can be
programmed by front-panel controls for any of 10
pressure-range modes. (Only 1 analog output mode
can be selected at a time.) All thermocouple gauge
and ionization gauge set points have outputs for:
equipment and process interlocks.

Process Control

Both thermocouple and ionization gauge set points
can be adjusted individually at any time by
front-panel controls. Once established, set-point
values are protected by a keylock switch. Set-point
values can be displayed at any time.

Protection

If the vacuum system exceeds a programmed rate-of-change
(increase) set point, the VersavVac gauge gives both

a visual signal (a flashing light) and an output

signal, available on the rear-panel data connector.

Overpressure trip points protect ionization
gauge filaments.

The VersaVac gauges continuously self-test.
In the event of fatal internal errors, the
microprocessor clears all outputs to a safe mode,

0101-8941-1 1-2
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(continued)

shows a diagnostic message on the front-panel
digital display, and stops operating. In the event
of a nonfatal error related to the active
ionization gauge tube (either within the gauge or
external to it), the microprocessor sends a
diagnostic message to the front-panel display and
switches off the ionization gauge tube filament.
The message identifies the troubled area.
Re-energizing the filament will clear the diagnostic
message. If a problem still exists, however, the
diagnostic message will repeat.

SPECIFICATIONS

Input Power

180 watts; 100/120/220/240 volts, user-selectable;
50/60 hertz, user-selectable

Physical Data

Height: 3.5 in. (89 mm)

Width: 19 in. (485 mm)

Depth: 16 in. (406 mm), without connectors
20 in. (508 mm), with connectors

Weight: 19 1b (8.6 kg)

Operating Temperature

59 to 95 degrees F/15 to 35 degrees C

Thermocouple Gauge Range

1 to 1000 microns (0.133 to 133 pascal)

Ionization Gauge Tube Range

Type 924: 1 x 10792 to 9.9 x 104 torr (1.3 x 1077
to 1.3 x 1071 pascal)

Type 922: 1 x 1072 to0 9.9 x 1072 torr (1.3 x 10~/
to 13 x 100 pascal)

0101-8941-1 1-3
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1.2.11

1.2.12

Temescal VersaVac 2 and 5 Gauges

Overpressure Protection

Type 924 ionization gauge tube: 9.9 x 1074 torr
(1.3 x 101 pascal)

Type 922 ionization gauge tube: 9.9 x 10~2 torr
(13 x 100 pascal)

Degas Power

50 watts, nominal (resistive load)

Grid Voltage

180 volts, dc

Filament Bias Voltage

30 volts, dc

Collector

Virtual ground

Set Point Connector Relay Output Ratings

a) Standard
2 amperes:* 26 volts dc, C, NO, and NC;
0.5 ampere:* 115 volts ac, C, NO, and NC

b) Solid-state relay PC board option
240 volts ac, 1 ampere*

Thermocouple Gauge Tubes

Hastings-Raydist, Model DV-6M, 1/8 in. NPT octal
socket

*Maximum current ratings

0101-8941-1 1-4
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1.2.13 Ionization Gauge Tubes

1.2.13.1 Model 924A. standard; 0.75-in. outside diameter Kovar
tubulation; platinum-coated bulb; thoria coated
iridium filament; range: 1.0_x 1072 to 9.9 x 10~4

= torr (1.3 x 10~7 to 1.3 x 10-1 pascal); 4-pin

5 in-line configuration; sensitivity: 11 torr-l

i for nitrogen

i 1.2.13.2 Model 924B. standard; 1l-in. outside diameter Kovar
tubulation; platinum-coated bulb; iridium filament;

o range: 1.0 x 1072 to 9.9 x 10”4 torr (1.3 x 10~7

é; to 1.3 x 10~1 pascal);_4-pin in-line configuration;

sensitivity: 11 torr~l for nitrogen

e 1.2.13.3 Model 922B. high-pressure; l-in. outside diameter
Kovar tubulation; platinum-coated bulb; iridium

, filament; range: 1.0 x 1072 to 9.9 x 102 torr

£ (1.3 x 10~7 to 13 x 100 pascal); 5-pin configuration;
sensitivity: 10 torr~! for nitrogen

e 0101-8941-1 1-5



T

]

R ieoy

~ag

S
o

Temescal VersaVac 2 and 5 Gauges

SECTION 2

UNPACKING AND INSTALLATION

2.1 UNPACKING
The equipment described in this manual was released
to the carrier in good condition and properly packed.
It is essential to all concerned that the contents
of the shipment be examined carefully when unpacked
to assure that no damage occurred in transit.

First check the material received against
the packing list, to be certain that all elements
are accounted for. Then check each element for
damage.

NOTE
The VersaVac thermocouple/ionization
gauge controller is shipped in a
package with the set-point and data
connectors, the ac line cord, and the
program keys. Items ordered
individually, such as thermocouple
and ionization gauge tubes and cables,
may be packaged separately.
If there is loss or damage:
a) Notify the carrier or the carrier's agent
to request inspection of the loss or damage
claimed.
b) Keep shipping containers until it is determined
whether they are needed to return the equipment to
Temescal.
0101-8941-3 2-1
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2.2 INSTALLATION

2.2.1 Power
DANGER

The VersaVac controller contains

high voltage, both inside and at

the rear-panel ionization gauge

tube octal connectors. Before {
connecting the cables and before 7
attempting to service the module,

switch the front-panel POWER

rocker switch off. Otherwise,

personnel and equipment may be

" endangered.

a) CAUTION

Before applying power to the unit,
set the operating voltage of the
VersaVac gauge for the system
input line voltage value.

NOTE

Typically, operating voltage is
preset at the factory for a
nominal input of 120 volts.

To change the operating voltage or to ascertain
the selected voltage, remove the input power cable
from the rear of the controller (if it is installed),
and reorient the voltage selection PC board as
shown in figure 2.1.

b) Make sure the input power fuse is the appropriate
value, as indicated below.

100/120 volts input power: 3 amperes

220/240 volts input power: 1.5 amperes
c) DANGER

Make sure the front-panel POWER rocker
switch is still off.

Install the input power cable in the rear-panel
connector.

0101-8941-1 2-2



! : Figure 2.1 Input voltage adjustment

* Z - 6\-$ @
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100/120 volts éc: 3 amperes
220/240 volts ac: 1.5 amperes

Operating voltage is shown in
VS&F Connector window.

HOW TO-SELECT OPERATING VOLTAGE
1. Open cover door and rotate fuse-pull to left.
2. Select operating voltage by orienting PC Board
to position desired voltage on top left side.
Push board firmly into module slot.
3. Rotate fuse-pull back into normal position and
re-insert fuse into holders, using caution to select
correct fuse value.




2.2.3
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d) Plug the free end of the input power cable into
the power source.

Thermocouple Gauge Tube Connection

a) With the front-panel POWER rocker switch still
off, install the thermocouple gauge tube(s) in the
vacuum system.

NOTE

Always install thermocouple gauge
tubes base upward, to minimize
internal collection of contaminants.

b) Connect the 5-pin miniature amphenol connector,
located at one end of the thermocouple cable, to
the corresponding thermocouple plug on the rear
panel of the VersaVac gauge. Rotate the plug to
lock it into the socket connector.

¢) Plug the octal end of the cable into the
corresponding thermocouple tube (figure 2.2a).

CAUTION

To make the connection correctly,
plug the cables into the octal
sockets according to the keyway.
Do not force them, or they may
break.

Ionization Gauge Tube Connection

a) With the front-panel POWER rocker switch off,
check the installation of the ionization gauge tubes
in the system.

CAUTION
Ionization gauge tubes should be mounted
vertically. In sputtering or other
glow-~discharge systems, the ports must
be shielded with stainless-steel wire mesh
screen and the shields grounded, to prevent
stray ions from entering the tubes. Other-
wise, pressure readings may become
erratic. (See section 5.2.3.)

0101-8941-1 2-4
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Figure 2.2a Thermocouple gauge tube (Model DV-6M) base connection

pin 3; heater
pin 5: heater
pin 7: thermaocouple

Figure 2.2b lonization gauge tube (Models 922 and 924) base connection

ground potential,
connect to inner platinum coating
(Model 922 only)

grid leads

filament leads
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(continued)

b) Plug the ionization gauge cable into the base
of the jionization gauge tube, as indicated in
figure 2.2b.

c) Connect the collector input of the cable to the
collector pin, located at the top of the tube.

d) Plug the free end of the cable into the
associated (IGl/IG2) BNC connector and octal
connector socket, located on the rear panel of the
unit.

Set Point Interface Connection (drawings 605-0243
and 511-0243)

Use the 22-pin SET POINT CONNECTOR (supplied),
located on the rear panel of the unit, to wire the
contacts to be used by your vacuum system,
according to drawing 605-0243 (standard relay PC
board) or drawing 511-0243 (optional solid-state
relay PC board).

CAUTION
The SET POINT CONNECTOR is keyed
at the factory for mating with
the standard relay board. If the
solid-state relay board is to be
used, the SET POINT CONNECTOR
rnust be keyed for the solid-state
relay board interface as described
below.

In the VersaVac 5 gauge the SET POINT CONNECTOR
provides 10 outputs; in the VersaVac 2 gauge the
SET POINT CONNECTOR provides 7 outputs.

0101-8941-1 2-6
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Framsaea)

2.2.4 (continued)

The outputs are listed below.
TCl at or below set point 1

TC2 at or below set point 2

i TC2 at or below set point 1
o TC2 at or below set point 2
‘ni,. *

TC3 at or below set point

T *TC4 at or below set point
gl:'

*PC5 at or below set point

Ionization gauge tube 1 filament is on
. Ionization gauge at or below set point 1
Ionization gauge at or below set point 2

. The standard relay PC board provides common,
P normally closed, and normally open contacts for each
output. The optional solid-state relay PC board
accommodates the same 10 set point outputs, but for
interface to 240-volt ac circuits (figure 2.3).

Each output on the solid-state relay board is a

o

s

.- contact closure (Triac output) when the particular
ko set point is true. The solid-state relays, which
(= behave like normally open contacts, are represented

in drawing 511-0243; the edge connector configuration
is detailed below. PC board LED illuminate to
o indicate which set points are made.

*VersaVac 5 gauge only.

[ ;
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Figure 2.3 Interface methods: solid-state relay board

Ve SET POINT CONNECTOR
~— SOLID-STATE RELAY PC BOARD |

a. I

>> LOAD

e

J— » I 1 ampere, maximum
—_—— \ I

™~ N.O. equivalent

NN

P

’ |

solid-state relay I

b. |

SN

P
1 |

[~ N.O. equivalent

>> LOAD

P

I 1 ampere, maximum

240 volts ac
HOT

240 volts ac
NEUTRAL

240 volts ac
HOT

240 volts ac
NEUTRAL
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(continued)

SET POINT

CONNECTOR Pins Output

2,B TCl at or below set point 1

4,D TCl at or below set point 2

6,F TC2 at or below set point 1

8,J TC2 at or below set point 2

*10,L TC3 at or below set point

*12,N- TC4 at or below set point

*14,R TC5 at or below set point

16,T Ionization gauge tube 1
filament is on

18,V Ionization gauge at or below
set point 1

20,X Ionization gauge at or below

set point 2

NOTE

In the standard VersaVac gauge
relay board, all contacts are
rated 0.5 ampere at 115 volts
and 2 amperes at 28 volts.

*VersaVac 5 only.

The
optional solid-state relays are
rated 240 volts ac at 1 ampere.
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(continued)

To key the SET POINT CONNECTOR for the solid-
state relay PC board, manually remove the 2
polarizing keys from the standard positions between
pins 3 and 4 and between pins 18 and 19, and install
one key between pins 2 and 3 and the other key.
between pins 19 and 20, as represented in the
diagram below.

install polarizing keys
between pins 2 and 3 and
between pins 19 and 20

Data Interface Connection (drawing 605-0253)

Use the 22-pin DATA CONNECTOR (supplied), located
on the rear panel of the unit, to connect the
input/output signals used by your vacuum systemn,
according to drawing 605-0253. Pin functions are
listed below.

DATA CONNECTOR
Pins Input/Output

1,A analog pressure output: This
0- to 10- volts dc signal,
relating to the active ionization
gauge tube pressure, is governed
by the selected analog output
voltage mode (0 to 9).

(continued)

N
1

10
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2.2.5 (continued)

DATA CONNECTOR
Pins Input/Output

2,B 28 volts dc and common outputs: dc
power supply (100 milliamperes,
maximum, source) for use with
interfacing to optoisolated inputs

3,C filament go on (+/-) input: -This
signal is recognized only when
it makes a transition from false
to true and requests that the
ionization gauge tube filament
be energized.

optional filament 1 selection and
go on (See section 3.1.1.8.)

4,D filament disable (+/-) input:
When this input is true, the
ionization gauge filament is
switched off and is inhibited
from switching on.

optional filament 2 selection and
go on (See section 3.1.1.8).

5,E request rate of change (+/-)
input: When this input is true,
the BCD outputs listed below
represent the rate of change in
pressure per second of the active
ionization gauge tube in either
torr or pascal per second. When
this input is not true, the BCD
data represent pressure in either
torr or pascal as selected by the
rear-panel input "request
pascal/torr" signal.

6,F request pascal/torr (+/-) input:
When this input is true, the
rear-panel BCD outputs related to
the active ionization gauge tube
represent pascal (or pascal per
second when the "request rate of
change" input is made); otherwise,
the output units represent torr.

(continued)

0101-8941-2 2-11
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2.2.5 (continued)

DATA CONNECTOR
Pins Input/Output

8,J data are increasing output: The
active ionization gauge tube
pressure reading is increasing.

9,K IG2 is on output: Ionization gauge
tube 2 filament is on.

10,L +DP/DT is exceeded output: The
pressure at the active ionization [
gauge tube is increasing at a
rate of torr (or pascal) per
second that is greater than the
rate of change (increase) set point

value.
11,M 8
12,N 4 BCD ionization gauge exponent
13,P 2 data output
14,R 1
15,8 80
le,T 40 { BCD ionization gauge mantissa
17,0 20 { MSD data output
18,V 10
19,w 8
20,X 4 BCD ionization gauge mantissa
21,Y 2 LSD data output
22,2 1

The data from the BCD outputs are related to
the ionization gauge pressure readings and the status
of the following inputs: request rate of change and
request pascal/torr. If the filament is not on,
all BCD outputs are off.

0101-8941-1 2-12



~ o

2.2.5

2.2.6.2
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Temescal VersaVac 2 and 5 Gauges

(continued)

Two interface methods for digital inputs and
two for digital outputs appear in figure 2.4.

One interface method for the analog output
appears in figure 2.5.

Central Processing Unit PC Board

Ionization gauge tube type jumper. The position of
the jumper on CPU PC board jumper block JB3 must be
adjusted for the type of ionization gauge tube used
as ionization gauge tube 1. Similarly, the position
of the jumper on jumper block JB4 must be adjusted
for the type of tuke used as ionization gauge tube 2.
To check that your CPU PC board is configured

for your system and to make the required adjustments,
remove the bottom cover from the VersaVac gauge,

and place the jumpers appropriately, as indicated

in figure 2.6a. The two possible types of tube are

Model 922 and Model 924.

DANGER
Because the VersaVac gauge contains
high voltage, whenever you remove
or attach the top or bottom cover
of the unit, be sure to switch off
the front-panel POWER rocker switch
and unplug the input power cable.

Battery in/out jumper. In order for the Versavac
gauge to retain set-point values, the Nicd battery
Bl must be charged above 2.2 volts dc, and the
battery jumper on jumper block JBl must be placed
at IN, as represented in figure 2.6b.

N
I

13
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Interface method: Data connector analog output

Figure 2.5

"%GF souepadw| ndino swyo 0g¢ sey indino Bojeuy 310N

HOLD3INNOJ V1va

_ (NNQYY D0TYNY

Q73IHS
N~ ID _ 434409 LNd1no
(lenualayip souepaduw /
ndur wnwiuw swyo ¥o01) [— _ _ _ _ v ~
Swyo 0¢e
H344Ng9/ 434NNV k/ %ﬂ Etl\/\/\/\l
TYILNIHI4410 LNdNI + C C L _
- Ausyosmw -
_ SWwyo ol SWyo ok
_ v-a
iL
_ LA
PeJRJ0IIIW |
NOILDOINNOD H3sn _ 9NV JBABSIA
. K. \W, .&, (;“,u..,;& "F i PR T PR v cend [ [ PR ’ o -



Figure 2.6 Central processing unit PC board adjustments

a. 1G1/1G2 jumper

MODEL 922 | MODEL 924 i

jumper pin N

~h o1 |

1G1 i JB3 |
| _m

G2 e K JB4 !
] RRERERES
A 2000k %% 0 e% |
Din \\ ,
| jumper Lo
| NOTE: As shown, IG1 = Model 922 and
iIG2 = Model 924.
b. Battery in/out jumper c. 50/60 hertz jumper
battery
. 50 hertz
jumper IN a
\‘\ jumper \
JB1 a ouT 60 hertz JB2
NOTE: To retain set points, put jumper at IN NOTE: As shown, 60 hertz is selected.
(as shown).
d. JB6—PASCAL/MILLIBAR display control 186 185 JB5—0UT = standard filament control
. : IN = optional filament control
Factory set; do not changeé. ouT (See section 3.1.1.8b.)
OUT = PASCAL .
IN = MILLIBAR %
O a
IN

Ref: photograph 5
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2.2.6.2 (continued)
NOTE

Under power-down conditions, the
VersaVac gauge will retain for

- several weeks the set-point and

: other values listed below, if the
battery is charged above 2.2

volts dc and the battery jumper is
at IN.

yEIILo
[N

£ TCl set points 1 and 2
‘ TC2 set points 1 and 2
*TC3 set point

gy
(IR

g *TC4 set point
: *TC5 set point
‘ IGl set points 1 and 2

IG2 set points 1 and 2
rate of change increase set point
ionization gauge tube sensitivities (tube 1,
type 922 and type 924; tube 2, type 922
o and type 924)
' analog voltage output mode (0-9)

. CAUTION

To prevent the battery from
discharging during long-term

_ storage of the equipment (more
£ than 4 weeks) move the battery
jumper to OUT. In this
situation, all set points are

i removed; they must be re-entered
on power-up.

2.2.6.3 50/60-hertz jumper. To determine the clock period
for calculations of ionization gauge rate of pressure
change, set the 50/60-hertz jumper on CPU PC board

§' jumper block JB2 in the correct position for your
i input power, according to figure 2.6c.
Ef_ *VersaVac 5 gauge only.

= 0101-8941-1 2=17
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SECTION 3

CONTROLS AND OPERATION

CONTROLS AND DISPLAYS
NOTE
No matter how the front-panel controls

are manipulated, the VersaVac gauge
cannot damage itself.

Front Panel (photograph 1)

POWER. The POWER rocker switches the main input
power on/off.

LOCK/PROGRAM. In the LOCK mode the LOCK/PROGRAM
keylock switch protects the process by locking in
the set points, the ionization gauge sensitivity
factor, and the analog output voltage mode.

By moving the key to PROGRAM, the operator can
adjust rate-of-change (increase) and thermocouple/
ionization gauge set points, alter the ionization
gauge sensitivity factor, and select an analog output
voltage mode, according to procedures described
individually below.

Bar graphs. The 2 bar graphs, located in the
upper left-hand corner, display pressure
simultaneously in microns and pascal, as sensed
by the thermocouple gauge tube(s).

In a VersaVac 2 gauge the upper bar graph
displays the thermocouple TCl reading, and the
lower bar graph displays the thermocouple TC2 reading.

In a VersaVac 5 gauge the upper bar graph
displays the thermocouple TCl or TC3 reading, depending
on the setting of the TC1l/TC3 toggle switch,
located to the right of the bar graph. A red LED
illuminates to identify the displayed thermocouple
reading. The lower bar graph displays the thermocouple

1 3-1
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3.1.1.4

Temescal VersaVac 2 and 5 Gauges

(continued)

TC2/TC4/TC5 reading (switch-selected); a red LED
illuminates to identify the selection.

The bar graphs also can display the values of
individual thermocouple set points. To display
these values at any time in the process, the
operator pushes the required SET POINTS
switch, located below the bar graphs.

NOTE

Set points operate as programmed,
regardless of the display selection.

SET POINTS. To display the value of a thermocouple
or ionization gauge set point, the operator pushes
the related SET POINTS switch. Thermocouple set ‘
point values appear on the bar graphs. Ionization
gauge set point values appear in the digital display,
located to the right of the bar graphs. The
displayed ionization gauge set point value applies
to the tube selected by the ION TUBE 1/2 switch.

Set points are displayed one at a time, while
a SET POINTS switch is pushed. TIf more than 1 SET
POINTS switch is pushed at one time, the set point
displayed is the one with the highest priority
according to the following list (highest priority
at top).

TCl set point 1

TCl set point 2

TC2 set point 1

TC2 set point 2

TC3

TC4

TCS ‘
IG set point 1 L
IG set point 2 -
rate of change (increase) set point

0101-8941-1 3-2
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3.1.1.4 (continued)

NOTE

A set point (except rate of change
(increase)) may be displayed at

any time, but to adjust a set point
the keylock switch must be at PROGRAM.

On initial power-up all thermocouple set points
are at 1 micron. To adjust a thermocouple set point
(in the range 1 to 1000 microns), the operator sets
the LOCK/PROGRAM keylock switch at PROGRAM, pushes
the corresponding SET POINTS switch and holds it,
and then pushes the RAMP DOWN/UP switch until the
required value is displayed.

NOTE

Ramping is slow at first but then
speeds up. The operator can
display single steps of a ramp by
pushing the switch in and letting
it out quickly.

On initial power-up all ionization gauge set
points are at 1.0 x 10~/ torr/1.3 x 10~5 pascal.
To change an ionization gauge set point in the range
1.0 x 10-9 torr to 9.9 x 10~2 torr (1.3 x 1077 to
1.3 x 100 pascal), the operator sets the keylock
switch at PROGRAM. When the operator pushes either the
IG SET POINTS 1/2 switch, the digital display
slowly alternates between showing the mantissa and
showing the exponent. When the required component
(mantissa or exponent) is displayed, the operator
pushes the RAMP DOWN/UP switch until the desired
value shows. After the operator releases the
RAMP DOWN/UP switch, the display again alternates
between mantissa and exponent. To change the other
component the operator repeats the above procedure.

NOTE

Set points may be displayed and changed
at any time, whether or not thermocouple
or ionization gauge tubes are installed
and whether the ionization gauge filament
is on or off, if the keylock switch is at
PROGRAM.

0101-8941-1 3-3
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3.1.1.6

Temescal VersaVac 2 and 5 Gauges

(continued)

NOTE

The VersaVac gauge retains
programmed set points as long
as battery Bl, located on the
CPU PC board, is charged above
2.2 volts dc and the battery
jumper, also located on the
CPU PC board, is at IN.

ION TUBE 1/2. The operator pushes the ION TUBE 1/2
switch to select which ionization gauge tube is to be
active. The indicator lamp for the selected tube
illuminates. The switch is active only when the
ionization gauge tube filament is off.

NOTE
When the FILAMENT LED is off, the
tube selection changes each time the
operator pushes the ION TUBE 1/2
switch. When the FILAMENT LED
is on, you must switch off the filament
before switching from 1 tube to another.
(The selection is indicated by the
illuminated ION TUBE 1/2 LED.)

NOTE
Ionization gauge tube selection
can be made in the remote mode
as described in section 3.1.1.8.

RAMP DOWN/UP. The RAMP DOWN/UP switches are
active only when the keylock switch is at PROGRAM
and the operator is pushing one of the SET POINTS
switches. Under these conditions, the set point
being accessed ramps up or down.

Trip points in the circuitry protect ionization
gauge tube filaments against overpressure. For
Model 922 tubes the trip point is above 9.9 x 1072
torr (13 x 100 pascal); for Model 924 tubes the
trip point is above 9.9 x 1074 (1.3 x 10-1 pascal).

0101-8941-1 3-4



sy

r,n

3.1.1.7

Temescal VersaVac 2 and 5 Gauges

Digital display window. The digital display window,
located to the right of the bar graphs, has 7 display
functions:

NOTE

Displays appear in torr/pascal,
depending on the setting of the
UNITS switch, as indicated by
the illuminated TORR/PASCAL lamp.

a) Pressure, as read by the ionization gauge tube
selected by the ION TUBE 1/2 switch when the
filament is energized.

NOTE

This reading is displayed during
normal operation.

b) Rate of change (in torr/pascal per second at

the selected ionization gauge tube). The operator
pushes the RATE OF CHANGE switch in the LOCK

mode when the FILAMENT indicator is illuminated and
no SET POINTS switch is pushed. The illuminated
DECREASING/INCREASING lamp, located above the window,
indicates the direction of pressure change.

c) Rate-of-change (increase) set point value. The
operator pushes the RATE OF CHANGE switch in

the PROGRAM mode when no SET POINTS switch is
pushed. The mantissa and the exponent of the set
point are displayed alternately.

d) Diagnostic messages. The CPU displays these
messages when self-tests reveal faults. The letter

E appears in the mantissa MSD segment, and other
Jetters or numbers appear in the other segments,
depending on the type of fault. (Diagnostic messages
are defined in section 6.)

e) Ionization gauge tube sensitivity factor. When
the operator holds in both SET POINTS IG 1 and 2
switches simultaneously, the sensitivity factor
(defined in section 5) of the tube (selected by means
of the ION TUBE 1/2 switch) is displayed in the
mantissa window.

0101-8941-1 3-5
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3.1.1.7 (continued)

NOTE

The VersaVac gauge CPU includes the
sensitivity factor in the equation by
which it computes ionization gauge
pressures (section 5.2.1).

At initial power-up, the_sensitivity factor
is set at a value_of 11 torr~l for a Model 924
tube and 10 torr~l for a Model 922 tube. (These
are the correct values for the 2 types of tube,
operating in nitrogen gas.)

'The VersaVac gauge memory accommodates 4
independently programmed sensitivity factors (S),
since either ionization gauge tube 1 or tube 2
can be a Model 924 or a Model 922 tube:

S1A: IG tube 1, type 924
S1B: IG tube 1, type 922
S2A: IG tube 2, type 924
S2B: IG tube 2, type 922

To adjust the sensitivity factor (in a range
from 5 torr-l to 20 torr-l) for the ionization gauge
tube selected by the ION TUBE 1/2 switch, the
operator sets the keylock switch at PROGRAM and holds
both SET POINTS IG 1 and 2 switches in while
pushing the RAMP DOWN/UP switch until the mantissa
displays the required value.

CAUTION

The IGl/IG2 jumper, located on the
CPU PC board, must be adjusted for
the tube type, as described in
section 6, or the readings will be
in error.

f) Ionization gauge set point values. The operator
holds either SET POINTS IGl/2 switch in.

0101-8941-1 3-6
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(continued)

NOTE

At initial power-up all ionization
gauge set points are at 1.0 x 10-7
torr (1.3 x 10~5 pascal).

g) Optional analog output voltage mode (ionization
gauge recorder output). The exponent of the digital
display identifies which of the 10 analog output
modes (0 through 9) is selected, when the operator
holds both the IGl and the IG2 SET POINTS switches
in simultaneously. At initial power-up analog
voltage output mode 0 is selected. (The 10 modes
are discussed in section 3.2.)

FILAMENT ON/OFF. Ionization gauge filaments can be
switched on and off by means of a front panel switch
or--in the remote mode--by means of signals from a rear
panel connector. On the front panel, the operator
pushes the FILAMENT ON/OFF to switch on/off the filament
of the selected ionization gauge tube (identified by
the illuminated ION TUBE lamp). If pressure is

within the operating range of the selected tube, the
ionization gauge filament goes on, the green FILAMENT
LED illuminates, and a pressure reading appears in

the digital display window.

If pressure is above the operating range of the
selected tube, however, the filament and the associated
LED switch off. They remain off even after pressure
enters the operating range for the ionization gauge
tibe. The operator must use the front panel FILAMENT
ON/OFF switch to switch the filament off and then to
switch it on again before the filament can be
reestablished.

Ionization gauge tube filaments can also be
switched on and off and the tubes selected by means of
inputs to the 22-pin rear panel I/0 data connector.
There are two methods for doing this, the choice
depending on how much remote control is required.

0101-8941-1 3-7
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NOTE
See figure 2.4 for system interface
methods.

a) Local tube selection with remote filament on/off.
Select the tube by means of the front panel FILAMENT
ON/OFF switch. Apply between 20 and 28 volts dc
across pins 3 and C of the rear panel I/0 data
connector, to produce the "filament go on" signal
(drawing 0601-0253). The rising edge of the signal
switches the filament on; the falling edge has no
effect (figure 3.0).

To switch the filament off, apply between 20
and 28 volts dc across pins 4 and D of the rear panel (o
I/0 data connector, to produce the "filament disable" -
signal. The filament switches off; the front panel ‘
FILAMENT ON LED and pressure readout blank. The
filament is disabled as long as the input remains
high (between 20 and 28 volts dc).

b) Remote tube selection and filament on/off. On

the CPU PC board install a jumper at junction box

JB5 (drawing 0511-0435-0). This action transforms

the rear panel "filament go on" signal into the
"filament 1 go on" signal and transforms the "filament
disable" signal into the "filament 2 go on" signal.

To select tube 1 and switch its filament on,
apply between 20 and 28 volts dc across pins 3 and C
of the rear panel I/O connector (drawing 0605-0253
and figure 2.4).

NOTE
Ionization gauge tube 1 is selected
in this case even if it is not selected
on the front panel.

The FILAMENT ON LED illuminates. If pressure is
within the operating range of that tube, the display
reads out the pressure. The filament stays on as
long as the input is applied to pins 3 and C.

If pressure is too high, the filament goes
off.

NOTE
If a filament switches off because
pressure is too high, you must
remove the input and then reapply
it before the filament can be
reestablished.

0101-8941-2 3-8
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[ Temescal VersaVac 2 and 5 Gauges

3.1.1.8 (continued)

To select tube 2 and switch its filament on,
apply between 20 and 28 volts dc across pins 4 and
D of the rear panel I/O connector (drawing 0605-0253
and figure 2.4).

NOTE
Ionization gauge tube 2 is selected
o in this case even if it is not selected
: on the front panel.

_ The FILAMENT ON LED illuminates. If pressure is

B within the operating range of that tube, the display
reads out the pressure. The filament stays on as
long as the input is applied to pins 4 and D.

If pressure is too high, the filament goes
off.

NOTE
If a filament switches off because
pressure is too high, you must
remove the input and then reapply
it before the filament can be
reestablished.

3.1.1.9 UNITS TORR/PASCAL. The operator selects the

o pressure units that appear in the digital display
by pushing the UNITS TORR/PASCAL switch. The
selected unit is identified by the illuminated
TORR/PASCAL LED.

F S ELN
N

NOTE
If JB6 is installed, the display
will be TORR/MILLIBAR. This is an
option which requires a different

i front panel silk screen.

ftinneng
i :

3.1.1.10 DEGAS. When the ionization gauge filament is on
a (the FILAMENT lamp is illuminated), the operator
can push the DEGAS switch to degas the ionization
gauge tube. Normally, the pressure first rises
£ somewhat and then returns slowly to the original
§ pressure value. If the pressure rises higher than
o 1 x 1073 torr (1.3 x 1071 pascal), degas switches
off and, if the ionization gauge tube is type 924,
5 the filament goes off.

= 0101-8941-4 3-11
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3.1.1.11 DECREASING/INCREASING. The DECREASING and
INCREASING LED illuminate to indicate whether
ionization gauge pressures are decreasing/increasing,
respectively. These LED are active whenever the
ionization gauge tube filament is active.

3.1.1.12 RATE OF CHANGE. When the keylock switch is at LOCK
(the LOCK mode) and the FILAMENT LED illuminated
(indicates the active ionization gauge tube filament
is on), the operator can push the RATE OF CHANGE
switch to display the rate of pressure change
sensed by the active ionization gauge tube (torr/pascal
per sec). The back-lighted RATE OF CHANGE switch
illuminates. If the operator pushes the RATE OF
CHANGE switch a second time, the digital display
returns to showing the ionization gauge tube pressure
reading, and the back-lighted RATE OF CHANGE switch
extinguishes.

The rate of change reading has a l-second time
base. To arrive at the rate of change, the
ionization gauge pressure is read 10 times per
second, the 10 sample readings are averaged, and
the previous average is subtracted from the new
average. The result is displayed.

If ionization gauge pressure rises above the
rate-of-change (increase) set point during normal
operation, the RATE OF CHANGE switch flashes to
alert the operator (a DATA CONNECTOR output is
available to signal the rate of change (increase)
set point status).

When the keylock switch is at PROGRAM, the
operator can use the RATE OF CHANGE switch to display
or adjust the rate-gof-change (increase) set point in
the range 1.0 x 10-2 torr per sec to 9.9 x 1072 torr
per sec (1.3 x 10~7 pascal per sec to 13 x 10Y pascal
per sec). Pushing the RATE OF CHANGE switch in the
PROGRAM mode causes the rate-of-change (increase)
set point to show on the digital display (alternating
mantissa and exponent). The operator adjusts
the set point by pushing the RAMP UP/DOWN switch,
for the mantissa and for the exponent individually.
On initial power-up this value is programmed at
1.0 x 10~7 torr per second.

0101-8941-1 3-12
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3.1.1.12 {continued)

NOTE

Battery Bl, located on the CPU
PC board, retains the most
recently programmed set point on
power-up.

5 3.1.2 Rear Panel (photograph 2)

3.1.2.1 Power input. At left on the rear panel is the main
input power (100/120/220/240 volts ac, 50/60 hertz).
Immediately to the right of the input connector is
the main power fuse holder and main voltage
changeover PC board. Both the PC board and the fuse
must be adapted to the input power.

NOTE

The VersaVac gauge is preset at the
factory for 120 volts input power.

The procedure for adapting the main voltage
changeover PC board is indicated in figure 2.1.
s Fuse ratings: 100/120 volts input power, 3
amperes; 220/240 volts input power, 1.5 amperes.

3.1.2.2 Ionization gauge tube sockets. The keyways in the
P octal sockets for ionization gauge tubes 1 and 2
protect the cables from being connected incorrectly.
The socket for tube 1 is above the socket for tube 2.

B 3.1.2.3 Collector BNC connector for ionization gauge tubes
1l and 2. The connector for tube 1 is above the
g connector for tube 2.

5 3.1.2.4 Thermocouple gauge tube sockets. Each thermocouple

iy gauge tube requires a 5-point amphenol connector

b with locking tabs, which plugs into the related
rear-panel socket.
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3.1.2.5 SET POINT CONNECTOR. The 22-pin SET POINT
CONNECTOR transmits interface signals as
indicated in drawing 605-0243 (drawing 511-0243,
if the optional solid-state relay board for 240-volt
ac interface is installed; see section 2 for
installation).

3.1.2.6 DATA CONNECTOR. The 22-pin DATA CONNECTOR
transmits digital input/output and analog output
signals as indicated in drawing 605-0253, in figure
2.4, and in figure 2.5.

3.2 ANALOG OUTPUT VOLTAGE MODES

3.2.1 Description

Ten optional analog output voltage modes (mode 0
through mode 9) are available from the VersaVac gauge
rear-panel DATA CONNECTOR analog output (pins 1 and A).

Mode 0 can be used for data-logging through
6 decades of ionization gauge pressure, using the
single analog output.

The output voltage in mode 1 corresponds exactly
to the mantissa (in torr) in any of 7 ionization
gauge pressure decades. Thus, mode 1 offers the
greatest accuracy through the full range of
ionization gauge pressure readings. In data-logging
applications, this mode is used with BCD output
for decoding.

Modes 2 through 9 provide 0 to 9.9 volts dc
output for the related individual pressure decades
in torr (the mode numbers identify the pressure
decades they agply to; mode 2, for example, identifies
the decade 107<4). Modes 2 through 9 are convenient
for automatic pressure control applications and for
data-logging in specific pressure decades.
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Temescal VersaVac 2 and 5 Gauges

Changing the Mode

At initial power-up, the controller selects mode 0.
For special applications, however, the user can
program another analog output voltage mode by the
following procedure.

Turn the keylock switch to PROGRAM.

Push the two IG SET POINTS 1 and 2 switches
simultaneously. The exponent of the digital
display identifies the selected mode.

To change mode, hold both IG SET POINTS 1 and 2
switches in, and, when the exponent is displayed,
push the RAMP DOWN/UP switch until the desired
mode number appears.

NOTE

The VersaVac gauge memory retains the
selected analog output voltage mode

and the set point values several weeks
after power-down, if the battery on the
CPU PC board is charged above 2.2

volts dc and the battery jumper is at IN.

Individual Modes

Mode 0. Using the single analog output pins 1 and A
on the DATA CONNECTOR, the operator can data-log over
the range of up to 6 decades of ionization gauge pressure
(figures 3.1 and 3.2). Each decade has approximately
25 voltage levels (steps); each step is a change of
one least-significant bit (LSB) out of 8 bits, on

the digital input of the D-A (digital to analog)
converter (port 8). At pressures less than

1 x 1078 torr (1.3 x 10-6 pascal), the output
voltage is 0. At pressures greater than 9.9 x 10-2
torr, or 13 x 100 pascal (or if the filament is off)
the output voltage is 9.96 (figure 3.2).
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Typical analog output for data logging (mode 0)

Figure 3.1
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Analog voltage output mode 0

Figure 3.2
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Temescal VersaVac 2 and 5 Gauges

3.2.3.1 (continued)

NOTE

The graphed voltages are nominal.
Because reference voltage (Vre )
can vary from 9.95 to 10.05 vofts
and because of other circuit
tolerances, the actual measured
voltage is *1%, %40 millivolts.

3.2.3.2 Mode 1. The analog output can be used to monitor
the ionization gauge mantissa directly in torr,
using mode 1. The output signal ranges from
1.0 volt to 9.9 volts, corresponding to an
ionization gauge mantissa of 1.0 to 9.9 torr.
This is true in any monitored pressure decade

(any displayed exponent). If the filament is
not on, the output voltage is 9.96 volts
(figure 3.3).

NOTE

To obtain the exponent through
rear-panel interface, monitor
the BCD outputs for the exponent
(in torr).

Mode 1 offers the highest accuracy of the
available modes in the full pressure range. This
output is valid for the Model 922 tube in 8 pressure
decades and for the Model 924 tube in 6 pressure
decades. Each decade includes approximately 90
voltage levels (steps).

NOTE

Voltages graphed in figure 3.3 are
nominal. Actual variation can be
¥le, * 40 millivolts.

3.2.3.3 Mode 2 through mode 9. Mode 2 through mode 9
(figure 3.4a-h) are similar to mode 1 in that
the analog output varies from 1.0 volt
to 9.9 volts, corresponding to the ionization gauge
mantissa (in torr). They differ, however, in that
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o 3.2.3.3 (continued)

the linear analog output in each of these modes
only occurs in one pressure decade. (The mode
number identifies the wvalid exponent in torr at
which linear output occurs.) At pressures

above the valid decade the output voltage is
9.96 volts. At pressures below the valid range,
the output is 0.0 volts.

P

NOTE

The output voltage is 9.96 also
when the ionization gauge tube
"filament is off.

e

Modes 2 through 9 are suited to automatic
pressure control applications and to data-logging
in specific pressure decades.

NOTE
Voltages graphed in figure 3.4 are

nominal. Actual variation can be
*1%, *40 millivolts.

PR
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Figure 3.3 Analog voltage output mode 1
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Figure 3.4 Analog voltage output modes 2 through 9 (continued)

b. Mode 3 At all higher pressures
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Figure 3.4
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Figure 3.4 Analog voltage output modes 2 through 9 (continued)

d. Mode 5 At all higher pressures
output voltage is 9.96.
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Figure 3.4 Analog voltage output modes 2 through 9 (continued)

e. Mode 6
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Figure 3.4 Analog voltage output modes 2 through 9 (continued)

f. Mode 7 At all higher pressures
output voltage is 9.96.
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g. Mode 8
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Figure 3.4 Analog voltage output modes 2 through 9 (continued)

n. Mode 9 At all higher pressures
» output voltage is 9.96.
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SECTION 4

CIRCUIT THEORY

4.1 INTRODUCTION

Block diagrams in figure 4.1 represent the

functioning of the VersaVac gauge circuitry.
.- Figure 4.2 indicates where the individual
functions are performed in the circuitry.

CAUTION

Printed circuit board schematics

that appear in figure 4.2 identify

re circuit functions only. For detail

’ refer to drawing 511-0174 in section 7.
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Temescal VersaVac 2 and 5 Gauges

4.2 FIGURE 4.1: CONTENTS
Page 1: Block diagram index
Page 2: Block diagram index (continued)
Page 3: Input power distribution
Page 4: Power supply PC board
Page 5: Power supply PC board
Page 6: Ionization gauge tube filament regulator
Page 7: Electrometer
Page 8: Thermocouple gauge tube circuits
Page 9: Central processing unit PC board
Page 10: Front panel input ports
Page_ll: Central processing unit PC board data
acquisition
Page 12: 1Input port 4
Page 13: Front panel output ports
Page 14: Central processing unit output ports
Page 15: Bar graph display
Page 16: Central processing unit PC board analog

voltage output

Page

17:

Central processing unit PC board

optoisolator outputs, ports 9 and 10

Page 18: Relay output
4.3 FIGURE 4.1: COMMENTARY
4.3.1 Pages 1 and 2: Index

This index of tie points and printed circuit (PC)
boards facilitates reference among the pages of
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4.3.1 (continued)

figure 4.1 (the tie points, which appear as circled
numbers, apply only to this figure) and between the
figure 4.1 block diagrams and the PC board

- schematics that appear in figure 4.2.
g 4.3.2 Page 3: Input Power Distribution
= The user determines the input power voltage

(100/120/220/240 volts ac; 50/60 hertz).
& ' NOTE

£ See figure 2.5 for CPU PC board
' 50/60 hertz jumper placement.

The fuse must correspond to the line voltage,
as follows:

100/120 volts ac: 3 amperes 3AG 250 volts ac;
220/240 volts ac: 1.5 amperes 3AG 250 volts ac.

The front-panel POWER rocker switch
connects/disconnects all power to the VersaVac
gauge power transformer.

The input RFI filter helps prevent RF
(radio frequency) power line noise from affecting
operation of the VersaVac gauge. The power transformer
provides 6 isolated windings:

oy

oo
v

i a) 180 volts ac, 50 milliamperes
b) 20 volts ac, 1 ampere

i c) 20 volts ac, 1 ampere

E: d) 10 volts ac, 5 amperes

e) 10 volts ac, 2.5 amperes
f) 7.5 volts ac, 8 amperes

i:

4.3.3 Page 4: Power Supply PC Board
i, The 180 volts ac, 50 milliamperes winding of the power
- transformer is rectified and filtered to provide 250
. volts dc, unregulated power. The front-panel bar
1 graphs (gas~discharge displays) use the 250 volts dc
& power. The 250 volts dc also go to the 180 volts dc

¢ 0101-8941-1 4-3
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(continued)

power supply. This voltage, produced only when the
filament is on, provides power to the grid element

of the active ionization gauge tube. Current-limiting,
at 25 milliamperes, protects against shorts. The

grid voltage monitor consists of a voltage divider

and a comparator, which sense short circuits in the
ionization gauge tube and hookup. The "grid voltage
OK" signal is sent to the CPU for fault detection.

The 20 volts ac, 1 ampere, winding on the
power transformer (tie point 17) is rectified and
filtered to provide a 28 volts dc power supply,
which powers the relays on the relay PC board. The
28 volts dc signal also powers the regulated 15 volts
dc power supply. The 15 volts dc powers the analog
circuits of the VersaVac gauge, as well as supplying
power for the 10.0 volts dc reference voltage

(Vref)’

The second 20 volts ac, 1 ampere, winding on
the power transformer (tie point 18) is rectified and
filtered to produce -28 volts dc. This voltage
powers the regulated -15 volts dc power supply. The
-15 volts dc powers the analog circuits of the
VersaVac gauge.

Page 5: Power Supply PC Board

The power transformer provides a 10 volts ac,

2.5 amperes winding (tie point 20), which is
rectified and filtered to produce a 14 volts dc
power supply. The 14 volts dc powers the 5 volts dc
regulated power supply. The 5 volts dc power supply,
a switching-regulator type, runs at 20 kilohertz.

It is current-limited at approximately 2 amperes.dc.
The reference voltage (10.0 volts dc) provides

T1% tolerance for the 5.0 volts dc output. The

5 volts dc powers the CPU and the logic circuitry

as well as the front-panel LED displays-and indicators.

The 7.5 volts ac, 8 amperes, winding on the
power transformer is used in degassing, to heat up
the grid fixture of the ionization gauge tube.

The rise in grid structure temperature is produced
by I2R resistance heating (approximately 50 watts).
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(continued)

The "degas on" switch block sends the 7.5 volts ac
to the ionization gauge tube switch block (not the
front-panel switch), which applies the degas power
to ionization gauge tube 1 or 2 when the tube is active.

The 10 volts ac, 5 amperes, winding on the power
transformer powers the ionization gauge tube
filament. The filament exciter circuit receives
a pulse-width-modulated signal, which is synchronized
to the line frequency. This phase fires a Triac
to achieve a variable ac power source for filament
control. The ionization gauge tube switch block
selects whether the tube 1 or tube 2 filament is
energized. The filament operates at approximately
30 volts dc above ground because of the 30-volts dc
bias (zener diode).

The 180 volts dc grid power is applied to the
ionization gauge tube switch block so that only the
active tube receives it. The CPU controls the
degas switch and the ionization gauge tube switch.

Page 6: Ionization Gauge Tube Filament Regqulator

The power transformer applies 40 volts ac to the
zero—-crossing detector, which provides a l-shot
output every time the input line voltage goes

through 0 volts. The output period is 8.33
milliseconds at 60 hertz and 10.0 milliseconds at 50
hertz. This signal goes to the CPU board and also
resets the linear ramp generator. The ramp generator has
a time constant of 0.022 seconds. After being

reset to zero volts, the ramp generator provides a
positive output voltage ramp that changes in a

linear relationship with time until it is again reset
and the cycle continues. The result is a sawtooth
waveform synchronized to the line, having a period

of 8.33 milliseconds at 60 hertz or 10.0 milliseconds
at 50 hertz.

The pulse-width modulator is a comparator with
hysteresis. It compares the error-signal voltage
from the ionization gauge tube filament regulator
(and error amplifier) to the sawtooth waveform. The
output of the pulse-width modulator is a square wave
with a duty cycle proportional to the error signal.
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4.3.5 (continued)

The output of the pulse-width modulator drives
the Triac in the filament exciter through the
optoisolated driver. The optoisolated Triac driver
allows the pulse-width-modulated error signal to
power the filament exciter at a "filament on"
command from the CPU. If the "filament on" command
(tie point 31) is not present, the filament exciter
remains off.

As mentioned, the filament is biased 30 volts above
ground. Electron current flowing from ground to
filament equals the ionization gauge emission current.
This ground-to-filament current is sensed by
the voltage drop across resistor R37. A drop of
1.0 volt dc is equivalent to 2 milliamperes emission
current. This signal goes to the programmable-gain
amplifier and to the filament regulator.

The programmable-gain amplifier can be programmed
for 4 possible gains: 1/10/100/1000 volts per volt.
The gain is set by the CPU, as it reads the values
of emission current through the data-acquisition
system (figure 4.1, page 1ll). For offset adjustment,
see section 7. The amplified emission current signal
is applied to a low-pass filter, a second-order
filter having a cutoff frequency of 16 hertz. The
filter removes the second harmonic of line frequency
component from the emission current. The filtered
signal goes to the analog multiplexer on the CPU
board (data~acquisition).

The emission current sense signal is applied to
the filament regulator, as is the ion current signal
from the electrometer. The filament regulates
either emission current or positive ion current.

At low pressures (for example, 10-6 torr/10-4 pascal)
the emission current is regulated at 10 milliamperes,
whereas, at high pressures (such as 1074 torr/102
pascal) ion current is regulated at 1 microampere
(figure 4.3). The CPU partially controls the
filament regulator by enabling regulation of the

ion current at higher pressures than 10> torr/

10-3 pascal. The reference voltage (10.0 volts)
serves as a standard for the regulation.
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(continued)

The output of the regulator, an error signal,
is amplified by the error amplifier. This action
provides the loop gain of the filament regulation;
its time constants help stabilize the loop. The
amplified signal is applied to the pulse-width
modulator.

Page 7: Electrometer

The electrometer PC board converts the positive

ion current flowing in the ionization gauge tube
collector lead into a voltage that can be used in
the filament regulator circuitry and read by the
CPU. The gain of the electrometer circuit is

set by the CPU, as the CPU acquires electrometer
output data. Four gains are possible, each gain
change being a factor of 10. At gain A (the lowest
gain) 1 x 10~6 amperes (1 microampere) at the input
produces 5 volts at the electrometer output. At
gain D (the highest gain) 1 x 109 amperes (1 nano-
ampere) at the input produce 5 volts at the
electrometer output.

The collector lead of the ionization gauge
tube is connected to the collector input of the
VersaVac gauge through the BNC connectors on the
rear panel. The BNC connectors connect to the
electrometer PC board input (A). The protection
circuit (B) has no effect during normal operation
of the ionization gauge tube. Under a fault
condition, such as improper ionization gauge tube
hookup, however, the circuit helps protect the
amplifier (C) from damaging voltages and/or
currents. The protection circuit also helps
attenuate high frequencies at the input (A).

The amplifier (C) and programmable resistor (D)
form a current-to-voltage converter with programmable
gain. The amplifier is a low-input current, high
open-loop gain, and low-drift operational amplifier,
whose characteristics allow operation with
very-high-feedback resistors (up to 1000 megohm).

The CPU controls the gain by programming the
feedback resistor (D). An offset adjustment is
provided for the amplifier (C).
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4.3.6 (continued)

e en

The output of the current-to-voltage converter
£ is amplified (E) by a factor of 5. The amplifier
' (E) also inverts the normally negative voltage at
the output of the current-to-voltage converter into

P a positive voltage for the electrometer output (F).
g 4.3.7 Page 8: Thermocouple Gauge Tube Circuits
£ The 5 thermocouple gauge tube circuits (TCl through

TC5) are identical to the one described below.

il
Y

Power to drive the thermocouple gauge tube heater

is produced by a l-kilohertz sine-wave generator.

e The 1 kilohertz is removed easily from the thermocouple

; signal in the amplifier stages, as described below.

: A Wien bridge operational-amplifier oscillator
produces the l-kilohertz sine wave. That signal,

: slightly attenuated, is fed to a current-booster

£ amplifier to power all impedance transformers. The
impedance transformers power the thermocouple

F gauge tube heaters. The output of the l-kilohertz

sine-wave generator is a nominal 7.2 volts rms.

Forees
b

- The l-kilohertz sine wave goes to the zero-scale
adjust, which allows low-scale adjustment of the

. thermocouple gauge tube (section 5). The impedance
_ transformer is then fed an attenuated l-kilohertz
: signal.

The impedance transformer matches the 1-to-2-
B kilohms input-circuit impedance to the low impedance
of the thermocouple gauge tube heater (approximately
18 ohms). The output of the impedance transformer

£ is effectively center-tapped at circuit ground
: potential. This action provides a virtual ground
b at the center of the heater (the thermocouple
i junction) . :
& The output of the thermocouple gauge tube is

amplified by a factor of 1000, including filtering
5 and protection circuitry.

0101-8941-1 4-9



Temescal VersaVac 2 and 5 Gauges

4.3.7 (continued)
NOTE

An adjustment on this amplifier
makes it possible to calibrate
the thermocouple gauge tube at
higher pressures such as 1000
microns.

The amplified thermocouple signal then goes
to a low-pass filter section of the circuitry, which
has unity gain at dc. The filter provides a
second-order low pass having a cutoff frequency of
16 hertz. Thus, the l-kilohertz component, as
well _as any line-frequency harmonics present at the
thermocouple output of the tube, are eliminated.

The filtered thermocouple signals go to the
data-acquisition system on the CPU board, through
which the CPU reads the thermocouple gauge tube
signals (figure 4.1, page 11).

4.3.8 Page 9: Central Processing Unit PC Board

The CPU is the brain of the VersaVac gauge. The
power—-on reset circuit gives the CPU a starting
point at power-on and keeps the output ports
inactive until the CPU starts to execute the program.
When power fails, this circuit puts the CPU into

a reset condition in order to retain the set-point
locations in RAM.

A 4-megahertz crystal supplies the CPU with a
stable clock source, which is divided into the
l-megahertz system clock E.

The input from the zero-crossing detector on
the power supply board provides a line-synchronized
waveform. The 50/60-hertz jumper selects whether
to divide this input by 5 or 6. At a 60-hertz
power input, the zero-crossing detector frequency
is 120 hertz. The input is divided by 6 to
produce a 20-hertz signal (a 50-millisecond
period). At 50-hertz input power the zero-crossing
detector frequency is 100 hertz. This 100-hertz
input is divided by 5 to produce a 20-hertz signal
(a 50-millisecond period). The 50-millisecond clock

0101-8941-1 4-10
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Temescal VersaVac 2 and 5 Gauges

(continued)

goes through a l-shot circuit to produce a
100-microsecond-duration interrupt request to the CPU
every 50 milliseconds. The interrupt routine
prompted by this signal contains many VersaVac

gauge software subroutines.

The CPU sends out address information, which
is buffered and then sent to the input/output
devices, to ROM, to RAM, and to the decoding and
control circuitry.

The CPU sends and receives data in 8 bits,
buffered by data bus buffers that interface the
CPU to ROM, RAM, input and output ports.

The ROM contains a maximum of 8K bytes of
program. All of the software personality of the
VersaVac gauge is stored in these ROM.

The CPU uses RAM for storage of set points,
parameters, and registers. The RAM, a low-power

CMOS type, enables long-term storage of set point wvalues

under power-down conditions, using a NiCd battery.

Page 10: Front Panel Input Ports

Input port 0 interfaces some of the display PC
board pushbutton switches. The thermocouple TC1l,
set point 1 switch is the LSB (least-significant
bit) on port 0; rate-of-~change switch is the MSB
(most-significant bit).

Input port 1 interfaces other display PC
board switches. The IGl SET POINTS switch is the
LSB; the keylock PROGRAM switch is the MSB.

Input port 2 also interfaces display PC board
switches. The TCl/TC3 switch is the LSB.

The CPU reads these input ports when they are
addressed through the decoding and control circuitry.
The inputs of each port are sent to the CPU via the
data bus. ‘

i 0101-8941-1 4-11



Temescal VersaVac 2 and 5 Gauges

4.3.10 Page 11: CPU PC Board, Data Acquisition

The data-acquisition system on the CPU board

allows the CPU (an8-bit digital machine) to

read analog inputs. It reads the following 8
analog signals: IG ion current (from the
electrometer), IG emission current (from the
programmable-gain amplifier), TCl pressure, TC2
pressure, TC3 pressure, TC4 pressure, TCS

pressure, and the reference voltage (10.0 volts dc).
The CPU selects which analog signal to read, via
the analog multiplexer. The analog multiplexer
applies the selected signal to the buffer, and then
to the A-D (analog-to-digital) converter. The

CPU starts the A-D converter, which converts a
0-to-10-volt input into a 00-to-FF (hex) digital
number. The conversion takes a maximum of 40
microseconds, after which the CPU reads the digital
number via port 3.

Port 3 is read by being selected by the

decoding and control circuitry. Its inputs are
sent to the CPU via the data bus.

4.3.11 Page 12: Input Port 4

Input port 4 contains signals from the A-D converter,
the rear panel inputs, the ionization-gauge-tube-
type-select switches, and the grid voltage monitor.
The rear panel inputs are listed below.
a) request rate-of-change data
b) filament disable
c) filament go on
d) request data equal pascal

The CPU reads input port 4 by addressing it

through the decoding and control circuitry.
The inputs are sent to the CPU via the data bus.

4.3.12 Page 13: Front Panel Output Ports

Output port 0 is the front-panel digital-display
mantissa. The lower nibble is the LSD (least-

0101-8941-1 4-12
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4.3.12

4.3.13

4.3.14

Temescal VersaVac 2 and 5 Gauges

(continued)

significant digit); the upper nibble is the MSD
(most~significant digit).

The lower nibble of output port 1 is the
front-panel digital-display exponent. The upper
nibble of output port 1 interfaces display-board
LED indicators.

The lower nibble of output port 2 is not
used; the upper nibble interfaces various display~
board indicators.

The CPU writes to these output ports by
addressing each one through the decoding and control
circuitry. The output ports receive the CPU output
via the data bus.

Page 14: CPU Output Ports

Output port 3 interfaces various display-board
LED indicators.

Output port 6 interfaces the degas—on switch
block, the filament on circuits, and the ionization
gauge filament regulator, located on the power
supply PC board. Output port 6 also controls the
A-D converter (page 11), selects the analog multiplexer
(page 11), and blanks the digital-display exponent
on the display PC board.

Output port 7 selects the gain of the
electrometer (upper nibble) and the gain of the
emission current programmable-gain amplifier on
the power supply PC board (lower nibble).

The CPU writes to these output ports by
selecting each one through the decoding and control
circuitry. The CPU output is sent to the port outputs
via the data bus.

Page 15: Bar Graph Display

Output ports 4 and 5 interface the lower and upper
bar graph displays, rgspectively. The CPU writes to

0101-8941-1 4-13



4.3.14

4.3.15

Temescal VersaVac 2 and 5 Gauges

(continued)

each bar graph a binary number exactly equal to the
number of segments in the bar graph to be illuminated.
(Each bar graph has a total of 201 segments.) The
8-bit comparators on each output port compare the
number of 8-bit segments to be illuminated to the
number on the binary counter. The number on the
binary counter equals the number of bar graph
segments counted. The comparator determines when

the bar graph is enabled, thus determining the

length of the bar graph.

The 18-kilohertz oscillator runs both the
binary counter and the 5-phase generator. The
5-phase generator produces a nonoverlapping
5-phase output to the bar graph display (only
1 phase is high at a time). The sequence, which
repeats, is: phases 1, 2, 3, 4, 5; 1, 2, 3, 4, 5;...
The binary counter increments its count every
clock cycle.

After the full-count comparator determines
when the count has reached 201 segments, it produces
a reset signal to initialize the binary counter,
the 5-phase generator, and the reset-cathode of the
bar graph.

The gas—-discharge bar graph display runs on
250 volts dc.

DANGER

Be careful not to touch the 250-volts
power supply. Not only can there be
a shock, but people and equipment can
be endangered by the sudden reaction
to a shock.

Page 1l6: CPU PC Board Analog Voltage Output

The analog output on the rear-panel DATA CONNECTOR

is controlled by the CPU, using a D-A converter.

The CPU addresses D-A output port 8 through the
decoding and control circuitry. The CPU output goes
to the D-A latch via the data bus. The D-A converter
divides the CPU output by 256 decimal (100 hex)

and multiplies by the 10.0-volt reference voltage.

0101-8941-1 4-14
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4.3.16

4.3.17

Temescal VersaVac 2 and 5 Gauges

{continued)

Thus, for example, 80 hex (128 decimal) produces a
5-volt output. The maximum output voltage is the
FF/100 hex, or 255/256 decimal, multiplied by

10.0 volts = 9.96 volts dc.

The output impedance is 220 ohms.

Page 17: CPU PC Board Optoisolator Outputs,
Ports 2 and 10

Output ports 9 and 10 interface the rear-panel output
on the DATA CONNECTOR. The 2 ports give a total of 16
individually optoisolated ionization gauge outputs.
The drivers interface the TTL (transistor-transistor
logic) outputs of the ports to the LED inputs of

the optoisolators. The outputs are listed below:

MANTISSA EXPONENT Data 1is increasing

Rate of change exceeded
IGl is on

IG2 is on

00 N

The CPU writes the output ports (one at a time)
by addressing them through the decoding and control
circuitry. The CPU output is sent to the output
ports via the data bus.

Page 18: Relay Output

Output ports 11 and 12 interface the relay outputs

on the rear-panel SET-POINT CONNECTOR. These

relays reside on the relay PC board. The CPU writes to
these relays by selecting the related output port through
the decoding and control circuitry. The CPU output

is transferred to the output port via data bus.

0101-8941-1 4-15



4.3.17

Temescal VersaVac 2 and 5 Gauges

(continued)

The relay board contains drivers that interface
the TTL outputs of the output ports to the
28-volts dc relay coils. The VersaVac 5 gauge
has 10 relays (the VersavVac 2 gauge has 7 relays)
feor pressure set points: TCl set point 1, TCl*set
poigt 2, $C2 set point 1, TC2 set point 2, TC3",
TC4", TC5", IG set point 1, IG set point 2, and
IG tube 1 filament is on.

The VersaVac gauges use 2 kinds of relay
board. The standard relay board (drawing 511-0343)
accommodates up to 125 volts, using electromechanical
relay contacts (normally open, normally closed, and
common). The optional solid-state relay board
(drawing 511-0373) accommodates only 240 volts ac,
using an equivalent to normally open (N.O.) contacts.
The 2 kinds of relay board function identically
and plug into the same cable and location.

CAUTION

The polarizing key positions on
the edge connector differ for
the 2 kinds of board, as
indicated in section 2.2.4. Be
sure to use the correct keying
for the relay PC board used in
your system.

* VersaVac 5 gauge only.

0101-8941-1 4-16
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Figure 4.1, page1 Block diagram index

Interconnect (Tie Point ) Block Diagram Pages

@ Data bus (CPU board-display board) 9,10, 11, 12, 13, 14
: 15, 16, 17, 18
@ Port control from decoding section 9,10, 11,12, 13, 14,
15, 16, 17, 18
r: (3) Power-on reset 9,13, 14,15, 17,18
E @ Zero-crossing detector (refers to ac input power) 4,6,9
’" @ 250 volts dc unregulated power supply 4,15
- @ Emission current sense 5,6
g @ lonization gauge tube switch block 5,6
Electrometer output (ion current signal) 6,7, 11
i3 @ Emission amplifier output (emission current signal) 6, 11
: Reference voltage (10.0 volts dc) 4,5,6,11,16
z @ Thermocouple TC1 analog signal 8 1
: @ Thermocouple TC2 analog signal 8, 11
7 ' @ Thermocouple TC3 analog signal 8, 11
. Thermocouple TC4 analog signal 8’, 11
o @ Thermocouple TC5 analog signal 8, 11
i 180 volts ac, 50 milliamperes power transformer winding 3,4
;— @ 20 volts ac, 1 ampere power transformer winding 3,4,6
L 20 volts ac, 1 ampere power transformer winding 3,4,6
i 10 volts ac, 5 amperes power transformer winding 3,5,6
‘U 10 volts ac, 2.5 amperes power transformer winding 3,5

NOTE

: Circled numbers identify block diagram interconnects.



Page2 Block diagram index (continued)

Interconnect (Tie Point )

@
@

®@rOOAE®EEE®®®

7.5 volts ac, 8 amperes power transformer winding
Optoisolated Triac driver

180 volts dc regulated power supply

Grid voltage (+180v) OK to CPU input port 4

Data ready from A-D converter to CPU input port 4
Select electrometer gain from CPU output port 7
Select emission current gain from CPU output port 7
Select analog multipiexer from CPU output port 6
Convert to A-D converter from CPU output port 6
lon current regulate enable from CPU output port 6
“‘Filament on’’ signal from CPU output port 6
“‘Degas on'' signal from CPU output port 6

“‘Select ionization gauge tube 1G2"* signal from CPU output port 1

Printed Circuit Board

1. Power supply

N

Electrometer
CPU

Display
Relay

Block Diagram Pages

3,5

5,6

3,4,5,6,8

7

9,10, 11,12, 13, 14,
15,16, 17, 18

10, 13, 14, 15

18



Input power distribution

Figure 4.1, page 3
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Figure 4.1,page4 Power supply PC board (partial)
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Figure 4.1,page 5. Power supply PC board (partial)
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Figure 4.1., page7 Electrometer

to vacuum chamber

filament

{flow of positive ions)

digital input
@ from CPU board

programmable
resistor (Rg)
R
FEEDBACK
RESISTOR

VAVAVA
®

(o] [ jue—

IONIZATION GAUGE TUBE

7 collector

input

®

V.

OFFSET
ADJUSTMENT
PROTECTION N
CIRCUIT -
amplifier

e

current-voltage converter
with programmable gain A, B, C, D

Y

output port 7

. Electrometer Output,
Gain r:e)d‘:)aalck Resistor Vout! lin
F) Value (volts x amperes)
A 1 megohm 5.0 x 108
B 10 megohm 5.0 x 107
] 1 x 108 ohms 5.0 x 108
D 1 x 10°ohms 5.0 x 10°

> ®

electrometer output (voltage equivalent
to input current)

15 volts dc
-15 volts dc
5 volts dc

power

T— ELECTROMETER PC BOARD




Figure 4.1,page8 Thermocouple gauge tube circuits
(on power supply PC board)
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Figure4.1,page9 Central processing unit PC board (partial)
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Front panel input ports

Figure 4.1, page 10
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Figure 4.1, page 11

Central processing unit PC board (partial), data acquisition

1Gion current

|G emission current

[
S8}

TC1

TC2

TC3

TC4

TC5

VRer

(28) from output port 6
control and select

®O—>—

D—>—
@—>—
@W—>—
W—>—
®—>—

W—>—

ANALOG

MULTIPLEXER -

analog inputs

Y

BUFFER

from CPU output port 6
Y

convert

\ -
> 25) toinput port 4
dataready A\ Y control
\
analog ANALOG-DIGITAL
N
> CONVERTER 8BITS
/

from decoding section

control

Y

INPUT PORT 3

@

8BITS ©)

CPU data bus
]



Figure 4.1, page 12

Input port 4

(on CPU PC board)
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Figure 4.1,page 13  Front panel output ports (on CPU PC board)
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Figure 4.1, page 14 Central processing unit (partial), output ports
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Figure 4.1,page 15 Bargraphdisplay reset
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Figure 4.1,page 16  Central processing unit PC board (partial),
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Figure 4.1, page 17
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Figure 4.1, page 18 Relay output
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Figure 4.2 Circuit functions
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Figure 4.2 Circuit functions
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Temescal VersaVac 2 and 5 Gauges

SECTION 5
THERMOCOUPLE AND IONIZATION GAUGE TUBES

OPERATING PRINCIPLES

THERMOCOUPLE GAUGE TUBES

Operating Principles

The type of thermocouple gauge tube (Hastings-Raydist,
Model DV-6M) used with the VersaVac gauge encloses

a chamber that is kept at the same pressure as the
vacuum system (figures 5.1 and 5.2). Inside the
chamber are a heater wire and a thermocouple,

arranged so that the center of the heater wire forms
part of the thermocouple junction.

When 1l-kilohertz ac sine-wave power is applied,
the heater temperature rises by I2R resistance
heating (figure 5.2). The temperature attains
equilibrium when the input power equals the heat
escaping from the heater. The thermocouple measures
the equilibrium temperature and sends an amplified
signal to the VersaVac 'gauge central processing
unit (CPU).

Thermal energy escapes the heater wire (with the
thermocouple junction at the midpoint), primarily
because of the thermal conductivity of the gas
between the heater wire and the case of the tube.

The thermal conductivity is proportional to the
pressure of the gas, so the higher the pressure, the
higher the thermal conductivity between the heater
and the case. At higher pressures, therefore, the
heater is at a lower temperature, because in those
circumstances heat is more readily conducted through
the gas to the case than at lower pressures. Thus,
the amplified thermocouple signal provides an output
voltage that is inversely proportional (approximately)
to the pressure inside the thermocouple gauge tube.

0101-8941-1 5-1



Figure 5.1 Thermocouple gauge tube
(Hastings-Raydist, Model DV-6M)
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Figure 5.2 Thermocouple gauge tube operation
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Temescal VersaVac 2 and 5 Gauges

5.1.1 (continued)

NOTE
Thermocouple tubes must be mounted
in a vacuum system base upward, in
a way that protects them from
contaminants, which can change
their internal thermal
characteristics, and thus their
readings.

Because the thermocouple measures a temperature
difference (Tl - T,., where T, = heater temperature
and Ty = case temperature) rather than an absolute
temperature, the temperature of the case must remain
relatively constant in order to minimize error in
the tube calibration (figure 5.3).

Typical (approximate) operating conditions

(PD = power dissipation):
Tl - T0 at atmosphere = 5 to 10 degrees C
T. - T, at high vacuum = 300 degrees C

1 0

P, = heater power of approximately 8 milliwatts
5.2 IONIZATION GAUGE TUBES
5.2.1 Operating Principles

VersaVac gauges accept two Bayard-Alpert types of
inverted ionization gauge tubes: Model 924
(standard range; drawing 605-1182) and.Model 922
(broad range; drawing 605-1172).

These ionization gauge tubes operate similarly.
They differ mainly in their internal geometry, with the
smaller Model 922 tube operating at higher pressures.
The tubes have 4 major elements (figure 5.4):
a) hot filament, which emits electrons,

b) grid, which collects electrons,

0101-8941-1 5-4
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Figure 5.3 Thermocouple gauge heat flow
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Figure 5.4 Model 924 ionization gauge tube, top view

KEY

a. Filament (electron emitter) at 30 volts dc

b. Grid (electron collector) at 180 volts dc

c. Positive ion collector at virtual ground

d. Screen (platinum inner coating) at ground potential
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5.2.1

Temescal VersaVac 2 and 5 Gauges

{continued)

c) collector, which collects positive ions, and

d) screen, a thin platinum coating on the inside
glass wall.

The hot filament emits electrons that
accelerate toward the grid (figure 5.5). The
grid is at a potential of 150 volts dc above the
potential of the filament, which is 30 volts dc
above ground potential. Typically, the electrons
make several passes through the grid structure
before being collected by the grid. They collide
with gas molecules inside the grid structure,
producing an additional electron and a positive
ion upon impact. The positive ion is what remains
of a gas molecule after a collision has removed one
of its electrons. The positive ions produced inside
the grid structure are repelled by the 180 volts of
the grid and are attracted to the collector wire
(at virtual ground) that is suspended in the
center of the grid structure. The positive ions
being collected (the ion current, i+) are measured
by the electrometer. The electrons that are
emitted by the filament form the emission current

(i-).

The electrons are more likely to make 'ionizing
collisions at high pressures than at low pressures
because more gas molecules are present per unit volume
at high pressures. Therefore, the VersaVac gauge CPU
determines ionization gauge pressures by measuring
the ion-current:emission-~current ratio, using the
following formula.

it
P=£(_ ,
S\

1-

where i+ positive ion current (amperes)

i- emission current (amperes)

g
I

pressure inside the grid structure (torr)

S = tube sensitivity (torr) 1.

0101-8941~-1 5-7
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Temescal VersaVac 2 and 5 Gauges
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5.2.1 (continued)

The sensitivity (S) of an ionization gauge
tube varies with gas species, electron emission
level, actual pressure within the tube, and the
operating voltages of the 4 major internal
elements of the tube. The sensitivity factor
normally is stated in terms of nitrogen gas at
relatively low pressure. For the Model 922
ionization ?auge tube, sensitivity (nitrogen)
is 10 torr~l. For the Model 924 ionization gauge
tube, sensitivity (nitrogen) is 11 torr~l. 1In a
_ VersaVac gauge sensitivity can be programmed in a
& range between 5 torr~l and 20 torr-l, to accommodate
calibration for gas species other than nitrogen.

prasy

wes - oyRy

The VersaVac gauges control the emission level
of electrons from the filament by controlling
filament temperature (thermionic emission). The
greater the current through the filament, the
greater the filament temperature and the more
electrons are emitted. At low pressures, the
VersaVac gauge control circuit maintains emission
current at 10 milliamperes. At high pressures, it
controls filament temperature to produce a positive
ion current of 1 microampere (figure 4.3).

CAUTION

: In order for an ionization gauge
‘- tube to operate with accuracy,

it must be degassed thoroughly
after each exposure to atmosphere,
b as well as periodically, and it
must be mounted and shielded to
keep it free of contaminants as
described below.

e

g

The lowest pressures a Bayard-Alpert-type
P ionization gauge tube usually measures are in
& the low 10710 torr (1078 pascal)* range, because
of the X-ray limit. This limit occurs at pressures
. below the lowest range (10-9 torr) measured by the
g VersaVac gauges. The X-ray limit is the phenomenon
in which measured positive ion current becomes

T

e

* Throughout, pressure equivalents are approximate.

0101-8941-1 5-9
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(continued)

independent of pressure in the 10710 torr (10-8 pascal)
region. In this situation photoelectrons on the
surface of the collector inside the tube are ejected
by soft X rays' striking the collector. (The X rays
are produced when the 150-volt electrons strike the
grid structure.) This action causes a residual
current to flow in the collector, which is
%ndistinguishable by the electrometer from positive
ion current.

Behavior at "High" Pressure

At pressures above approximately 10 microns

(10-2 torr/1.33 pascal) ionization gauge tubes

do not behave in a linear fashion. They first
exhibit an increase in sensitivity (S) and then, as
pressures increase above 75 to 100 microns, sensitivity
starts to drop. Sensitivity has been seen to drop so
rapidly, for example, that at pressures between 1

and 10 torr (with emission current still present in
the ionization gauge tube), the positive ion current
has dropped to a point where, to the CPU (and
therefore the front-panel display), the tube seems to
be operating under high vacuum._ In fact, as pressure
increases from 100 microns (1071 torr/13.3 pascal),
the calculated (apparent) ionization gauge tube
pressure increases, levels off, and then decreases.
The_apparent 1onlzatlon gauge Eressure drops into the
10™ =3 or 1076 torr (1073 or 10~ pascal) region before
the filament fails to maintain emission current.

The actual pressure at which the apparent
ionization gauge pressure levels off has been seen to
be as low as 50 microns. Then, subsequent degassing
of the tube in the 1076 torr (10~4 pascal) range
raised the leveling-off pressure from 50 microns to
above 100 microns.

This deviation from linearity (represented in
figure 5.6) is related to the fact that at relatively
high pressures the mean free paths for electrons and
ions become comparable to the gayge tube dimensions.
That is, at pressures of 1 x 10 torr (1.33 x 10-4
pascal) of nitrogen gas, the mean free path for
electrons is on the order of 900 meters, whereas at
1 x 1071 torr (100 microns/13.3 pascal) the mean
free path is on the order of 9 millimeters--in
other words, approximately the internal dimensions
of the ionization gauge tube elements.

wn
1

10



Figure 5.6 Typical ionization gauge tube behavior at ‘high’ pressures (torr)
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Temescal VersaVac 2 and 5 Gauges

5.2.2 (continued)

CAUTION

As the graph in figure 5.6 shows,
there is often 1 ionization gauge
pressure reading for 2 different
actual pressures. For this

reason, we recommend strongly

that in installing a VersaVac
gauge, users qualify all ionization
gauge set points and outputs by
associating each with a thermocouple
gauge set point. In fact, the
ionization gauge filament could be
interlocked with an appropriate
thermocouple set point.

We have observed the "high"-pressure behavior
discussed above on several types of Bayard-Alpert
gauge tubes, in both standard and high-pressure
ranges, from a variety of manufacturers.

NOTE

The curves shown can be expected
to vary with different gas species.

5.2.3 Mounting

For greatest accuracy mount ionization gauge tubes
vertically and as close as possible to the sites
being measured. Use mounting flanges at least 1l-in.
in diameter having conductance high enough to keep
tube interiors as close to the same pressure as the
vacuum system as possible.

CAUTION

In sputtering or other glow-discharge
systems, shield the ports of the
ionization gauge tubes, to prevent
ions from entering the tubes and
thereby making readings inaccurate.
(Shields must be grounded.)

0101-8941-1 5-12
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Degassing

Because the tubes used with the VersaVac gauge
contain hot filaments, residual gases continuously
outgas from glass and metal parts. To keep the
gauge as free as possible from these and other
contaminating vapors (such as diffusion pump fluids,
mercury, and water vapor), tubes must be degassed

.regularly, as well as after every exposure to

atmosphere.

Degassing should last until the degassing
pressure has reached a peak and then dropped, to
stabilize at a lower pressure. This usually can
be achieved by allowing the tube to degas overnight
if pressures below 107° torr (10-6 pascal) are to
be measured. If pressures to be measured are in the
107 torr (10~4 pascal) range, 30 minutes is
usually sufficient for degassing.

Unless newly installed tubes are degassed,
gauge readings will be higher than actual system
pressure for a long time. Degas a new gauge tube
for 10 or 15 minutes if operating pressures are
to be in the 10-® torr (10-4 pascal) range. Extend
the degas time for lower operating pressures to
30 minutes to an hour, for example, if operating
pressures are to be less than 108 torr (10-6 pascal) .

CAUTION

After degassing, the initial
readsorbtion of gases can lower
readings temporarily.
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SECTION 6

DIAGNOSTIC MESSAGES, ADJUSTMENTS, AND CALIBRATIONS

6.1 DIAGNOSTIC MESSAGES

In case of an operating fault, the digital display
on the front panel of the VersaVac gauge conveys a
diagnostic message that locates the fault either

within the VersaVac gauge circuitry or outside the

unit. (An external fault might, for example,
concern the ionization gauge hookup or the ionization
gauge tube.)

The VersaVac gauge identifies two types of
fault: (1) those that relate only to operation of
the ionization gauge tubes and (2) those that relate
to the operation of the entire VersaVac unit.

When a fault involves only an ionization gauge
tube, the filament is switched off but the rest of
the VersaVac gauge functions normally. The diagnostic
message is cleared from the digital display as soon as
the operator re-establishes the ionization gauge filament
by pushing the front panel FILAMENT switch on. If a
problem still exists, the diagnostic message will repeat.

When a detected fault could affect the entire
operation of the VersaVac gauge, the diagnostic
message appears on the digital display, and operation
ceases. All rear panel set-point and data outputs are
cleared. To remedy this condition, the operator
must correct the fault and then switch the front panel
POWER rocker switch off and then on again. If
possible, the VersaVac gauge resumes operation.

On the digital display, diagnostic messages
start with the letter E. Messages E0O through E7
indicate faults that affect the entire VersaVac
unit. Messages E8 through EB indicate faults that
affect the ionization gauge tube alone. The
diagnostic messages are defined in table 6.1.

0101-8941-1 6-1
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Mantissa Exponent

Temescal VersaVac 2 and 5 Gauges

Table 6.1

DIAGNOSTIC MESSAGES

. Diagnosis

EO 1
EO 2
El 0
E2 0
E3 X
E4 1
E4 2
E4 3
E4 4
E4 5
E4 6
E4 7
E4 8
E4 9
E4 A
E4 B

0101-8941-1

RAM fault (lower nibble U35) during power-up
self-test or flag test

RAM fault (upper nibble U40) during power-up
self-test or flag test

ROM fault (U444, U39, U34, U28) during power-up
self-check

A-D converter (Ul5) did not return
complete" signal within 50 microseconds

"conversion

Vyref (10.0 volts) fault (X=LSB of Vyef) not

within specification (9.95-10.05 volts)

TC1l

TC3

TC4

TC5

IG1

IG1

IG2

IG2

set

set

set

set

set

set

set

set

set

set

set

point
point
point
point
point
point
point
point
point
point

point

1

2

retention
retention
retention
retention
retention
retention
retention
retention
retention
retention

retention

fault
fault
fault
fault
fault
fault
fault
fault
fault
fault

fault

(out of bounds)

(out
(out
(out
(out
(out
(out
(out
(out
(out

(out

of

of

of

of

of

of

of

of

of

of

boundsf
bounds)
bounds)
bounds)
bounds)
bounds)~
bounds)
bounds)
bounds)

bounds)

(continued)
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Table 6.1 (continued)

DIGITAL DISPLAY

Mantissa Exponent

E8 0
E9 0
EA 0
EB 1
EB 2

0101-8941-4

Diagnosis

tube grid voltage too low, indicating
short-circuit, excess curtrent draw, cable
short-circuit, glow discharge within gauge
tube, or power supply PC board fault

electrometer out of range (at lowest gain)
indicating PC board fault or operation of
ionization gauge at "high" pressures (between
1 and 10 torr)

emission current out of range (at lowest gain),
indfcating PC board fault or operation of
ionization gauge at "high" pressures (between
1 and 10 torr)

filament out of regulation and emission
amplifier at gain 1, indicating PC board fault
or operation of ionization gauge at "high"
pressures (between 1 and 10 torr)

filament out of regulation and electrometer at
minimum gain, indicating PC board fault or
operation of ionization gauge at "high"
pressures (between 1 and 10 torr)

NOTE
To clear set point errors, switch power off,
disconnect power cord, and remove bottom.
cover. Check the battery voltage; it should
be 2.6 volts or greater. Remove the battery
IN/OUT jumper; wait 5 minutes; reinstall the
battery IN/OUT jumper. Replace the cover and

connect power cable. Switch on the VersaVac gauge

and re-enter set points. If the above procedure
does not clear the error, then the.CMOS RAMs
are defective or a problem exists in the battery

circuit.



Temescal VersaVac 2 and 5 Gauges

ADJUSTMENTS AND CALIBRATIONS
DANGER

Because the VersaVac gauge contains

high voltage, whenever you remove

or attach the top or bottom cover of
the unit, be sure to switch off the

front-panel POWER rocker switch, and
unpluyg the input power cable.

Electrometer Offset (photograph 5)

On the electrometer PC board use trimmer potentiometer
R5 to adjust the offset voltage of amplifier Ul, as
follows.

a) Switch off the front-panel POWER rocker switch,
and unplug the input power cable.

b) Remove the bottom cover from the unit.

c) Reconnect the input power cable, and switch the
POWER rocker switch on.

d) Ul must be at maximum gain before you adjust R5.
One way to accomplish this is to energize an
ionization gauge tube that is in the 1076 torr

(10-4 pascal)* range or below, and remove the
collector plug from the rear-panel BNC. The CPU
then sets the maximum gain for Ul. The display
will read 0.0 x 109 torr (0.0 x 10~7 pascal).

e) Read the voltage on Jl pin 12 to ground, and
adjust R5 so that the J1 pin 12 voltage is as close
to zero as possible.

f) ©Switch off the front-panel POWER rocker switch,
and unplug the input power cable.

g) Reattach the bottom cover on the unit.

*Pascal equivalents are approximate throughout.

0101-8941-1 : 6-4
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Emission Amplifier Offset (photograph 3 or 4)

a) Switch off the front-panel POWER rocker switch,
and unplug the input power cable.

b) Remove the top cover from the unit.

c) Reconnect the input power cable, and switch the
POWER rocker switch on.

Emission programmable-gain amplifier U4 is located

on the power supply PC board. The gain of U4 is

set by the digital inputs to analog switch U3.
Possible gains are 1, 10, 100, and 1000. The offset
adjustment must be performed at a gain of 1000, which
the CPU requests when the ionization gauge filament
is off. Put a. digital voltmeter between the output
of U26 (pin 6) and analog ground.

d) Make sure the FILAMENT ON/OFF indicator is off.

e) Adjust trimmer potentiometer R29 for the
minimum voltage (as close to zero as possible).

f) Switch off the front-panel POWER rocker switch,
and unplug the input power cable. :

g) Reattach the top cover on the unit.

Calibrating a Thermocouple Gauge Tube (photograph 3
or 4)

Thermocouple gauge tubes TCl through TC5 must be
calibrated when the VersaVac gauge is first installed
in a vacuum system and whenever a new tube replaces

a used tube. (These thermocouple gauge tubes must

be at thermal equilibrium in order to give accurate
readings.) To achieve this, make two interdependent
adjustments on each thermocouple gauge circuit on

the power supply PC board: a fullscale adjustment
and a zero-scale adjustment.

NOTE

Since these adjustments are
interdependent, repeat the
procedure at least once, always
. ending with the zero-scale
adjustment.

0101-8941-1 6-5
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(continued)

a) Switch off the front-panel POWER rocker switch,
and unplug the input power cable.

b) Remove the top cover from the unit.

c) Reconnect the input power cable, and switch the
POWER rocker switch on.

d) 1Initially, adjust to center rotation both the
zero—-scale and the fullscale trimmer potentiometers
(located on the power supply PC board) for all
thermocouple circuits to be calibrated. These are
4-turn trimmer potentiometers without end stops; to

obtain the center rotation, make 5 turns in one

direction and then rotate 2 turns in reverse.

e) Adjust the fullscale trimmer potentiometer as
follows.

1) Back-fill the vacuum chamber with
nitrogen to a pressure of 1 torr (1000
microns/133 pascal). Use a capacitance
manometer gauge (or equivalent) to
determine this pressure.

2) Adjust the fullscale trimmer potentiometer
for the thermocouple being calibrated so that
the front panel bar graph reading for that
thermocouple indicates exactly 1000 microns.

f) When pressure in the vacuum chamber being measured
is exactly 1 micron (0.133 pascal), adjust the
zero-scale trimmer potentiometer so that exactly

1 segment illuminates on the related bar graph.

Repeat for each thermocouple to be
calibrated.

g) Switch off the front-panel POWER rocker switch,
and unplug the input power cable.

h) Reattach the top cover on the unit.
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Ionization Gauge Tube Type Adjustment (figure 6.1a)

DANGER

Before making this adjustment,
switch off the front panel POWER
rocker switch, and unplug the
input power cable. Then remove
the bottom cover from the unit.

Ionization gauge tube 1 and tube 2 can be either
Model 922 or Model 924 tubes. The position of the
jumper on Jjumper block JB3 of the CPU PC board sets
the circuitry for tube 1, and the position of the
Jjumper on jumper block JB4 sets the circuitry for
tube 2, as indicated in figure 6.1a.

Retaining Set Point Values: Batterv In/Out
Jumper {(figure 6.1b)

DANGER

Before making this adjustment,
switch off the front panel POWER
rocker switch, and unplug the
input power cable. Then remove
the bottom cover from the unit.

In order for the VersaVac gauge to retain set point

values, the NiCd battery (Bl) must be charged to more

than 2.2 volts dc, and the battery jumper (jumper
block JBl1 of the CPU PC board) must be at the "in"
position (figure 6,1b).

For long-term storage of the VersaVac gauge
(more than 4 weeks), set the battery jumper at the

"out" position to prevent the battery from discharging.

50/60 Hertz Jumper (figure 6.1lc)

DANGER

Before making this adjustment,
switch off the front panel POWER
rocker switch, and unplug the input
power cable. Then remove the bottom
cover from the unit.

0101-8941-1 6-7



Figure 6.1 Central processing unit PC board adjustments

a..1G1/1G2 jumper

MODEL 922 | MODEL 924

V
% 058 9 ’0’0 0’0‘ »’0
00 026 63000s 9.9)%
i AOAOAOAO.O‘O.O.OAQ.Q

jumper

v

o‘.o

IG1

1G2

Cx y JB4
b v 9.4
S ‘0::
I \ jumper

| NOTE: As shown, IG1 = Model 922 and

pin

IG2 = Model 924.
b. Battery in/out jumper c. 50/60 hertz jumper
battery
: X 50 hertz
jumper 2| m;
\ ;:::: jumper
S N
So%!
JB1 ouT 60 hertz JB2
NOTE: To retain set points, put jumper at IN NOTE: As shown, 60 hertz is selected.
(as shown).
d. JB6—PASCAL/MILLIBAR display control 186 185 JB5—O0UT = standard filament control
. IN = optional filament control
Factory set; do not change. ouT (See section 3.1.1.8b.)
OUT = PASCAL
IN = MILLIBAR 4 %
0O a
IN

Ref: photograph 5
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(continued)

The position of the 50/60~hertz jumper on jumper
block JB2 of the CPU PC board determines the clock
period for calculations of ionization gauge rate of
change. The jumper should be set in the appropriate
position for the input power (figure 6.1lc).

Adjusting the Ionization Gauge Tube Sensitivity

NOTE

The VersaVac gauge CPU includes the
sensitivity factor in the equation by
which it computes ionization gauge
pressures (section 5.2.1).

At initial power-up, the sensitivity factor
is set at a value of 11 torr~1l for a Model 924 tube
and 10 torr~l for a Model 922 tube. (These are
the correct values for the 2 types of tube, operating
in nitrogen gas.)

The VersaVac gauge memory accommodates 4
independently programmed sensitivity factors (S),
since either ionization gauge tube 1 or tube 2 can
be a Model 924 or a Model 922 tube:

S1A: IG tube 1, type 924
S1B: IG tube 1, type 922
S2A: IG tube 2, type 924
S2B: IG tube 2, type 922

To adjust the sensitivity factor (in a range
from 5 torr~l to 20 torr~l) for the ionization gauge
tube selected by the ION TUBE 1/2 switch, the
operator sets the keylock switch at PROGRAM and holds
both SET POINTS IG 1 and 2 switches in while
pushing the RAMP DOWN/UP switch until the mantissa
displays the required value.

CAUTION

The IGl/IG2 jumper, located on the
CPU PC board, must be adjusted for
the tube type, as described in
section 6, or the readings will be
in error.

0101-8941-1 6-92
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6.2.7.1 Gas sensitivity settings (figure 6.2). Figure 6.2
indicates the sensitivity settings used to compensate
for different gases within range of the sensitivity

control.

NOTE
Since sensitivity can be set only
in whole numbers, use the nearest
whole number.

For example, on the 922 tube for argon, use 12;

for carbon monoxide, use 1l1. Another method is to
leave the sensitivity at its normal setting and
compensate for differences using the gas sensitivity
table published by Robert L. Sommers of Lewis Research
Center.* To convert the readings on the digital
readout of the VersavVac gauge (when calibrated for
N,), simply divide the reading by the number listed
a%ter the gas species. Some common gases listed are:

cas
02, N2, Air 1l
Ammonia 1.
COy 1
Carbon 6
tetrachloride

Methane
Hp
Krypton
Neon
Acetylene
Xenon
Argon

CcoO
Ethanol
Helium

* NASA Technical Note TND-5385, NASA, Washington, D.C.,

0101-8941-2
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SECTION 7

PHOTOGRAPHS
DRAWINGS
PARTS LISTS



reransy

DECIMAL POINT LSD (least significant digit)

MSD (most significant digit) EXPONENT

Versayae 5

e
e

. 4-40225
g MANTISSA DIGITAL DISPLAY
L
’ Photograph 1 VersaVac 5 gauge, front panel

L RS 2928 INTERFACE

© ’

. INSTRUCTION
[c T MANUM
. ol 100, 120 ¥AC 34
[ N 200, 240 VAL 154

P-77369

]
v Photograph 1a  VersaVac 5 gauge, rear panel, with RS232C connector
.

Ty
PPN

,@1

SET POINT CONWECTOR

freme

DATA CONNECTOR,

',.A\'-*

4-40189

e

Photograph 2 VersaVac 5 gauge, rear panel



R

Tt

SET POINT
— CONNECTOR

emission amplifier -
—offset adjust -

RELAY
PC BOARD

POWER
SUPPLY
PC BOARD

TC2 zéro-scale adjust

TC2 fullscale adjust —

10.0 volts

DISPLAY
PC BOARD —=

T w

TC1 zero-scale adjust ' TC1 fullscale adjust
8-81110

Photograph 3 VersaVac 2 gauge, top cover off



F

SET POINT

CONNECTOR — TC4 zero-scale adjust

‘ emission :mp o
offset adju :RH-FILTER -

- TC4 fullscale adjust

RELAY.
PC BOARD

POWER

TRANSFORMER
TCS fullscale adjust

TC5 zero-scale adjust

POWER
SUPPLY
PC BOARD

test
- points
TC3 zero-scale adjust

TC3 fullscale adjust d 5

DISPLAY
PC BOARD —s _

Gow - RN, =

"" B i g A ,‘:,(,_ e B o
TC2 zero-scale adjust = TC1 fullscale adjust - - \="10.0.volts . -~
TC2 fullscale adjust - TC1 zero-scale adjust :
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Photograph 4 VersaVac 5 gauge, top cover off
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Photograph 5 VersaVac 2 and 5 gauge, bottom cover off
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test points

(— 15 volts; analog ground; 15 volts)
test points (Vcc;digital ground)
battery INJOUT (shown at OUT)

test points TP3;TP5;TP4

test link

test point TP6

test points TP1;TP2

50/60 hertz jumper

(shown at 60 hertz)

data bus

test point TP7

test points (ground;Vcc)

test points (Vcc; ground)

test points (10.0 volts; analog ground)
IG tube type select jumper

(both shown at Model 924)

test point TP8
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Solid State Relay PC Board

.. SOLID STATE RELAY
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Photograph 6 VersaVac 2 and 5 gauge, optional solid state relay PC board

oY

o
A



RS232C PC Board
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. Photograph 7 Optional RS232C PC board
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Temescal VersaVac 2 and 5 Gauges

SECTION 8

APPENDIX: RS232C INTERFACE AND VERSAVAC PROTOCOL

8.2.1.1

INTRODUCTION

The RS232C interface allows the VersavVac gauges
to be controlled by a computer. The VersaVac
protocol allows control of set points, tube
selection, tube on/off and degas functions.

THE VERSAVAC PROTOCOL

Description and Specifications

The VersaVac protocol provides complete control of
the VersaVac gauges without complex communications.
The commands consist of a letter command, followed
by a two-digit code. The letter command indicates
the function, i.e. READ/WRITE/SET/CLEAR and TEST.
The two-digit code refers to the data which is
being requested or acted on. All communications
are in standard ASCII and are in upper case. All
commands must be terminated by a line-feed or
carriage return. (Line feeds are ignored by the
VersaVac gauges but can be used for clarity when
using a terminal.)

Definition of Commands

a) Letter Command Definition

T TEST; request status. The
VersaVac gauges will send
status information

S SET; start a function (on)

C CLEAR; stop a function (off)

R READ; read a value

W WRITE; write a value to a
set point

0101-8941-2 8-1



Temescal VersaVac 2 and 5 Gauges

8.2.1.1 (continued)
b) Number Command Definition

10 TCl pressure

11 TCl set point 1

12 TCl set point 2

20 TC2 pressure

21 TC2 set point 1

22 TC2 set point 2

30 TC3 pressure

31 TC3 set point’

40 TC4 pressure (Zii;?Vac > gauge

41 TC4 set point

50 TC5 pressure

51 TC5 set point

60 IG tube 1 (ON/OFF) and pressure

61 IG tube 1 set point 1

62 IG tube 1 set point 2

63 IG tube 1 sensitivity and mode

70 IG tube 2 (ON/OFF0 and pressure

71 IG tube 2 set point 1

72 IG tube 2 set point 2

73 IG tube 2 sensitivity and mode

80 IG rate of change

81 IG rate of change set point

90 degas ON/OFF

91 reserved for torr/pascal units
(not in version 2.0 software)

92 set-point status

93 error status

94 software front panel lock

95 software reset

8.2.1.2 Structure of Commands

Symbol

0101-8941-2

Z

X

cr

1f

Definition

thermocouple or ionization tube number

most significant digit of the mantissa

least significant digit of the mantissa

sién of the exponent

exponent

carriage return

line feed

8-2



Temescal VersaVac 2 and 5 Gauges

8.2.1.3

Examples of VersaVac protocol commands are given below.

a) Thermocouple-related commands:

Code Response
(to VersaVac (from VersavVac
gauges) gauges) Comment
For Z = 1 to 5:
RZ0cr XY-E Read TCZ pressure
RZlcr XY-E Read TCZ set point 1
RZ2cr XY-E Read TCZ set point 2
WZ0XY-Ecr ? Not wvalid (cannot write
a pressure
WZ1XY-Ecr = Write TCZ set point 1;
(make TCZ set point 1
equal to XY-E)
NOTE

For TC pressure of less than

1.0 x 10™3

torr (1 micron),

the

VersaVac gauge will return the wvalue

<1-3.

1l torr (1000 microns),

For TC pressure greater than
the VersaVac

gauge will return the value 2>1-0.

C, S and T are not valid with thermocouple-related

commands.
b) Ionization-tube-related commands:
Code Response
(to VersaVac (from VersaVac
gauges) gauges) Comment

RZOcr XY-E Read tube 7 pressure

RZlcr XY-E Read tube Z set point 1

RZ2cr XY-E Read tube Z set point 2

WZOcr ? Not valid

WZ1XY-Ecr = Write to set point 1

WZ2XY-Ecr = Write to set point 2

Sz0cr = Gas go on; tube must
already be on

C90cr = Degas go off

S9%4cr = Lock the front panel

R8lcr XY-E Read rate of change
set point

W81XY~E = Write rate of change
set point

0101-8941-2 8-3
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8.2.1.3 (continued) ]
NOTE
If the ionization gauge tube is
off, the VersaVac gauge will return
the value 00-0 for pressure.
T is not valid with ionization-tube-related commands.

c) Other commands:

Code Response i
(to VersavVac (from VersaVac ‘
gauges) gauges) Comment
S90cr = Degas go on; tube must o
already be on.
C90cr = Degas go off
S94cr = Lock the front panel
{key in lock mode).
Refer to section 8.2.2.2.
CY94cr = Unlock the front panel
Refer to section 8.2.2.2.
S95cr = Restart VersaVac gauges
software
8.2.2 Operation
8.2.2.1 TEST commands. TEST commands are discussed in the
following examples.
a) T9Y92cr This command requests set-point information

and other status information as described
in the bit map below.

The VersaVac gauges will return 6 ASCII characters
representing a HEX value 0 — F; they are sent
from left to right (most significant bit (MSB) to
least significant bit (LSB).

NOTE
The VersaVac gauge looks for a cr
(3gD) from the host as the input
terminator. It responds to a command
in one of three ways:

a) DATA, cr, 1lf, = ; In response to R and T
commands

b) cr, 1f, = ; In response to W, S, and
C commands

c) ?2, cr, 1£f, = ; In response to an invalid

command or a W command
with out-of-range data

0101-8941-4 8-4
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- 8.2.2.1 (continued)

(cxr 1f =)

-Data is increasing

--Data is decreasing

---Rate of change exceeded

----Degas is on

v Softlock is on
rog=l/Lock=0 switch

““““ 4En program
L Not tGsed (always 0)

————————— Not used (always 0)
e Tube 1 is on
e Tube 1 set point 1 is on
e Tube 1 set point 2 is on
e Reserved for torr/pascal units
R Rt et Tube 2 is on
e Tube 2 set point 1 is on
e Tube 2 set point 2 is on
B T ettt Tube type (0=924, 1=922)
————————————————————— TCl set point 1
e TCl, set point 2
B e ettt TC2 set point 1
e ————_—__TC2 set point 2
—————————————————————————— TC3 set point
——————————————————————————— TC4 set point
E it TC5 set point
e ———_————— Not used (always O0)

—— e e e e s e e @6 m A e —

oy
o o

Fach of the above 4-bit patterns can take one of the
r following patterns. All characters transmitted over
the RS232C interface are ASCII, and in the status
information they represent HEX characters as follows:

B HEX Value Binary Value
(ASCIT) (Nibble)

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001 -
1010
1011
1100
1101
1110
1111

e

E:f:r: E

,
HHOogaQorProwodoaoumbd wNhHO

F(f;:n:a' ey
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8.2.2.2

8.2.2.3

8.2.2.4

Temescal VersaVac 2 and 5 Gauges

(continued)

b) T93cr This command requests error status
information. The errors are the same
as those listed in table 6.1 (Diagnostic
Messages). The E in front of the error
codes is not sent as part of the status.
A no-error condition is indicated by 00.

SET commands. The SET command allows functions to be
set on or started. For example, to switch tube 1

on, issue the command S60cr; tube 1 will be selected
(if not already selected) and the tube filament will
be switched on. All of the normal interlocks for
pressure will hold as described in section 3.1l.

If tube 2 is on, the command will be ignored.
In order to switch tube 1 on when tube 2 is on,
tube 2 must first be switched off using the CLEAR
command. The reverse is true in order to switch
on tube 2.

The degas can be switched on using the command
S90cr. One of the two tubes must be on and the
pressure of the vacuum system must be as described
in section 3.1.

The command S94cr locks the front panel. The
computer can lock the filament on/off and the
degas push buttons when the PROG/LOCK switch is in
the LOCK position. Front panel keylock must be in
the LOCK position. Software lock will be overridden
by the front panel keylock.

Software reset can be accomplished by using
the command S95cr. This command will tell the
VersaVac gauges to act as if it were getting a
POWER ON reset. The VersaVac gauges will initialize
all output ports, check the RAM and EROM, test
for valid set points and clear all scratch pad
RAM. This command should be used only to try to clear
an error condition or when doing a system reset.

The CLEAR command. The CLEAR command is used to
switch off a function. The method of operation is
similar to that used with the SET command, i.e.,
to switch tube 1 off, issue the command Cé0cr.

The READ. command. The READ command is used to

read pressure and set-point parameters. All the
VersavVac gauge pressure and set points indicated on
the front panel can be read by this command. The
tube sensitivity and analog output mode can also

be read.
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. 8.2.2.5 The WRITE command. This command is used to program
: any of the VersaVac gauge set points. The
set-point information must be in units of torr.
The WRITE command can also set tube sensitivity
and analog output mode. The sensitivity and analog
output modes are described in section 3.2.

8.3 THE RS232C INTERFACE

ro 8.3.1 Description and Specifications

The following parameteré must be preset on the
RS232C interface board (part number 0606-3123-0).

i a) Baud rate. This can be from 50 to 19.2k
baud. Use a small screwdriver to set the

r baud rate to that required by the host

: computer or terminal.

b) Counter divider. Set to divide by
16 or 64 (drawing 606-3123).

) DSwWl. 2 DSW1.1 Counter divide select

£ 0* 0 Divide by 1. Used with
external synchronizer.

; 0 1 Divide by 1l6. Set as

i required by slave.

. 1 0 Divide by 64. Set as
required by slave.

1 1 Not allowed.

c) Number of stop bits and parity (even or odd)
(drawing 606-3123)

DSW1.5 DSW1.4 DSW1.3 Data length, parity & stop bits

: 0 0 0 7 bits + even + 2
* 0 0 1 7 bits + odd + 2
0 1 0 7 bits + even + 1
0 1 1 7 bits + odd + 1
* 1 0 0 8 bits + 2
1 0 1 8 bits + 1
H 1 1 0 8 bits + even + 1
g 1 1 1 8 bits + odd + 1

*0=open, l=closed
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.3.1 (continued)

d) RS232C enable: OPEN=enable,
This switch can be used to stop

CLOSED=disabled.
communications

- without disconnecting the interface cable.

DSW1.8

0
1

DSW1.7 DSW1.6
e) JBl, JB2,. JB3

JB1l Interrupt Jjumper

JB2 CTS/DSR

JB3

RS232 enable/disable

enable (OPEN)
disable (CLOSED)

not used

Must be installed
between pins 1 and 2
(towards C7)

Pull up or pull down.

Normally not installed.
Use only if remote does
not support CTS or DSR.

Note: The VersaVac gauge
will assume there is
nothing connected to the
RS§232C interface if
CTS/DSR is not active.

Consists of two pairs of
holes on the board.
Soldering a jumper on

the left pair of JB3 will
apply -12 volts to pin 1
of the DIP header.
Soldering a jumper to the
right pair of JB3 will
apply +12 volts to pin 16
of the DIP header.

The above jumpers allow the user to bring ¥12 volts to
any of the pins on the DIP header.
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8.3.2 Installation

The procedure for installing the RS232C interface
in the VersaVac system is as follows:

a) Disconnect the power cord.

b) Remove the top and bottom covers of the
VersaVac gauge.

c) Remove the hole plug from the DB25 hole in the
rear panel.

d) Install four plastic standoffs on the CPU-board
side of the chassis (front left-hand corner).

e) Mount the interface PC board on standoffs.
f) Route RS232C ribbon cable from the interface
PC board through the slot between the front

panel and the chassis to the rear panel.

g) Fasten the DB25 connector to the rear panel with
the hardware which is provided.

h) Connect the green ground wire from the interface
PC board to the mounting screw on the power
transformer.

i) Plug the short 26-pin ribbon cable into the socket

on the CPU board. Check to see that JBl, JB2 and JB3
are configured correctly.

j) Install new ROMs.

k) Put the top cover back on the VersaVac gauge
(power-supply side).

m) Carefully check all connections.
n) Apply power to the VersaVac gauge.
CAUTION
High voltage will be present on the

power transformer and the front panel
bar graph.
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8.3.2 (continued)
o) Verify that the VersaVac gauge functions.
p) Connect a terminal to the rear panel.
da) Apply power to the terminal.

r) Type R60cr. The VersaVac gauge should respond

with 00-0
s) If the VersaVac gauge does not return this
response, check the Baud rate, parity, and the
number of stop bits. If the VersaVac gauge
does not understand, it will return a ? and
then a =.
8.3.3 Operation

The RS232C interface board is normally configured
as a master, and can be connected directly to a
slave (terminal). If a different configuration

is required, jumper block JB3 can be rewired to
accept a variety of configurations (figures 8.1 and
8.2).

NOTE
For baud rates greater than
1200, full handshaking is
required. The REQUEST TO SEND
(RTS) signal must be toggled by
the slave. The VersaVac gauges
will toggle the CLEAR TO SEND
(CTS) signal.

Refer to drawing 606-3094 for RS232C interface

signals. Make sure that JBl and JB2 are installed
as shown in drawing 606-3123.
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Figure 8.1  Examples of configurations for connecting
the Versavac to a terminal

a) This configuration implements the REQUEST TO SEND (RTS)
signal from the terminal.

DB25
25-point D connector

VersaVac JB3 7
i
fa ~N TxD gl"| ~ 1-‘-18 2
7 o~ o / "
. P RxD 10 1 P 47 3
4 .~ o ~ 1"
. ~ RTS 14 ~ 4.6 5
7 -~ 4 / "= §
. P CTS 12 P 4.5
Y < ~ Y
DSR 13 4
fl Iz, 20
Hop—>— D Mg 5 gd 6
DCD 15 2
HI £ > # > 8 8
16 1
L AT
®o— 18
[ <
7 Y

b) This configuration implements the DATA TERMINAL READY (DTR)
signal from the terminal.

N

+ [ reauest 10 seno (AT

PROTECTIVE GROUND
TRANSMIT DATA (TxD)
RECEIVE DATA (RxD)

CLEAR TO SEND (CTS)

female connector

DATA TERMINAL READY (DTR)
DATA SET READY (DSR)
RECEIVED LINE SIGNAL DETECTOR (DCD)

SIGNAL GROUND

DB25
25-point D connector

VersaVac JB3 7/
[ S
. ~ TxD 9 ~ 4.8 5
7 7 7 1- =
P P RxD 10 L P 7 3
4 .~ |-~ ~ 1= =
P ~ RTS 14 ~ 46
), r g 5 > 152 ) 5
e L5 ® & 4
1 4
S Pm ¢ 2
14 3
T A——— e 6
DCD 15 2
Hl f—> H—>—+3 8
16 1
—e g— 7
®o— 18
—<

PROTECTIVE GROUND

TRANSMIT DATA (TxD)
RECEIVE DATA (RxD)
CLEAR TO SEND (CTS)

female connector
REQUEST TO SEND (RTS)

—

DATA TERMINAL READY (DTR)
DATA SET READY (DSR)
RECEIVED LINE SIGNAL DETECTOR (DCD)

SIGNAL GROUND




Figure 8.2 Examples of configurations for connecting the

VersaVac to a modem or computer

a) This configuration implements the CLEAR TO SEND (CTS) signal. CTS must
be sent by the data communications equipment (DCE). If the DATA CARRIER
DETECT (DCD) signal is required by the DCE, connect JB3, pin 15, to JB3, pin 2.

25-point D connector

HI

HI

VersaVac JB3

DB25

5

20

. o TxD 9
4 7
P P RxD 10
7 -~ -
.~ RIS 11
7 ”
., CIs 1w
7 .~ -4
DSR 13
., DR #
’ P o
. DCD 15
7 7
16
%t~ 1
¢ <
7 <

6

18

b) This configuration implements the DATA SET READY (DSR) signal. DSR must
be sent by the modem or computer. If DCD is required by the modem/computer,
connect JB3, pin 15, to JB 3, pin 2.

VersaVac JB3

PROTECTIVE GROUND

TRANSMIT DATA (TxD)
RECEIVE DATA (RxD)

CLEAR TO SEND (CTS)
female connector

4 l/REQUEST TO SEND (RTS)

\

DB25

DATA TERMINAL READY (DTR)
DATA SET READY (DSR)
RECEIVED LINE SIGNAL DETECTOR (DCD)

SIGNAL GROUND

25-paint D connector

e

R ~ TxD 9
= g
p P RxD 10
5 .~
: > RTS 1 :
. P CTS 12
r .~ L
DSR 13
o
. ~ DTR 14
7 ” o
, ~ DCD 15
L
16
o—1
fa s
7 T~

18

PROTECTIVE GROUND

TRANSMIT DATA (TxD)
RECEIVE DATA (RxD)

CLEAR TO SEND (CTS)
female connector

REQUEST TO SEND (RTS)

DATA TERMINAL READY (DTR)

DATA SET READY (DSR)

RECEIVED LINE SIGNAL DETECTOR (DCD)

SIGNAL GROUND
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8.3.4 Sample RS232C Test Setup
8.3.4.1 Components
a) a tested VersaVac 5 thermocouple/ionization gauge
with an RS232C board installed (see figure 8.3 for
the test configuration)
b) a CRT terminal (Lear Siegler model ADM-3A) with a
selectable baud rate switch
c) 36-in. ribbon cable, 25 conductor, with 1 DB female
connector and 1 DB 25 male connector
d) a calibrated thermocouple gauge tube and cable
e) a sealed ionization gauge tube and cable
8.3.4.2 Terminal configuration. Set the switches for
a) 1/2 duplex
b) RS232C
c) automatic line feed (don't care)
d) upper case
e) even parity
£) 7 bits, 1 stop bit
g) parity enable
h) 8-0 data bits
8.3.4.3 Test configuration.
a) Attach the ribbon cable between the VersaVac RS232C
connector and the modem connection on the terminal.
b) Attach the calibrated thermocouple tube and the
ionization gauge tube to the VersaVac gauge.
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Figure 8.3 RS8232C PC board test configuration
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