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SECTION 1

INTRODUCTION

This manual contains important information for understanding, installing,
starting, operating, maintaining, troubleshooting, and ordering spare parts
for your ULTRATEST® (see table of contents). Appendix F contains the
electrical schematics and board component location drawings.

We recommend that you read the yellow sheet in the front of this manual and
Sections 2, 3, 4, and 6 before using your ULTRATEST. If you have the
optional QUICK-TEST Myou should also read Appendices A-1 through A-3. See
Appendix D if your ULTRATEST has the manual gross leak bypass and Appendix
E if your ULTRATEST is the US autoranging version.

1-1 DETERMINING THE MODEL AND THE SERIAL NUMBER OF YOUR ULTRATEST

Most ULTRATESTs are wired for 115V and have a D4A backing pump, a
LEYBODIFF 180L diffusion pump, and a D16A roughing pump (see Sections
7-6-2-2, 7-6-2-3, and 7-2). You can also order an ULTRATEST with a
DSA, D30A, or D60A roughing pump or with a TMP150 turbomolecular
pump. The TMP 150 replaces the diffusion pump. See the ID plate on
the end of the roughing pump to determine which roughing pump model
you have (see Figure 1-1).

The identification label of the ULTRATEST is under the small fold-up
work top in the corner near the valve V5 knob (see Figure 1-1). The
label contains the following information:

- The 10 digit serial number such as 1179290077.

- The 5 digit catalog number such as 15562.

- The supply voltage such as 115V.

- The power input such as 2700VA (2.7 kilowatt).

- The electrical approval standard VDE 0100. This indicates it
is in compliance with West German electrical standards.

1-2 WARNINGS, CAUTIONS, AND NOTES

"WARNING" statements are used in this manual to prevent injury to
personnel; "CAUTION" statements are used to prevent damage to
equipment; "NOTES" contain helpful information.

ULTRATEST is a registered trademark of Leybold Heraeus.
QUICK-TEST is a Leybold-Heraeus trademark for helium sniffing probe.



FOLD-UP
WORK TOP

IDENTIFICATION
LABEL

FOR THE

LEAK

DETECTOR

LARGER
" WORK TOP

TOP TEST
PORT
SEALED
WITH A
BLIND
FLANGE

——MS

— —_— : MODULE
a0 '

s ATRRET Moou W

=
-

ROUGHING
PUMP ID
PLATE

1F-1.13A

Figure 1-1 - Leak Detector with Lower Front Panel Removed



SECTION 2

RECEIVING AND INSTALLATION

2-1 RECEIVING

Proceed as follows to unpack and check the ULTRATEST for shipping
damages as soon as you receive it. Check for damage even if you will
not be using your ULTRATEST right away.

1. Inspect the outside of the shipping container for shipping damage.
If you will be making a damage claim, keep the shipping container
and packing materials.

2. Unpack the ULTRATEST carefully. The ULTRATEST F comes complete with
the following:

- FB module (see Figure 4-3)
- Leak detector (see Figure 1-1)
- Connecting cable (1.5 meters long)
- 1 set of spare gaskets (includes metal gaskets for the vacuum
system and O-rings for the vane pump).
- 1 Tool Kit
1 Dirt screen for test port
2 clamping collars for permanent seal
1 KF®40 to 1-1/8-inch OD tube adapter (P/N 99-138-1402)
1 Spare ion source (P/N 16513)
1 Electrical receptacle to mate with plug
- 1 receptacle cover
2 bulbs, 24V/50mA
2 fuses T 0.5 B
2 fuses T 1.25 B
2 fuses T 6.3 D
Stick-on label containing brief operating instructions

If you ordered the optional QUICK-TEST it will include the following
(See Figure A-10):

- QUICK-TEST housing

- Probe with PVC tubing

spare safety fuses

spare 0-rings for the plug connector
spare O-ring for the mass separator

nose piece for the probe tip

set of dust filters

drift tool to remove/replace dust filters

|
= s N

3. Remove the side panels from the leak detector and carefully inspect
it for damages.

KF is a registered trademark of Leybold-Heraeus.



4. If you find any evidence of damage, proceed as follows:

a. Save the shipping container, packing material, and damaged

part for inspection.

b. Notify the carrier that made the delivery withing 15 days of
deTivery in accordance with Interstate Commerce regualtions.

C. NOTE: Since all equipment is shipped F.0.B. at factory, any

damage in transit 1is the responsibility
carrier,

File a claim with the carrier for the damage.

of the

d. Contact the Leybold-Heraeus Order Services Department to

replace the damaged part,

5. Store all parts, particularly the spare jon source, in a dry and

dust-free place.



2-2 INSTALLATION
NOTE: See Appendix A-2 for installation instructions for the optional
QUICK-TEST.

Install the ULTRATEST F as follows:

of the self-adhesive brief operating

1. Stick the English portion
he underside of the fold-up work top

instructions (KA 712/2) onto t
(see Figure 1-1).

2. NOTE: You can install as many as three optional 10-meter extension
cables (Part No. 15571) between the FB module and the leak
detector to use the portable FB module for remote leak

checking.

Connect the female end of the 1.5-meter cable to the Plug FB outlet
on the back of the FB module; connect the male end of the cable to
its outlet on the back of the leak detector (see Figure 2-1).

3
75N PN
-4 NUMBERING

[

OUTPUT SOCKET — Ty
“Bu" FOR e
CHART RECORDER

— g TWIST-LOCK
- PLUG

FBPLUG

OO OO
hd (ALY

1F-2.16

Figure 2-1 - Rear View of the ULTRATEST F



3. Pull open the orange cover below the operating pushbuttons on the

front of the leak detector (see Figure 1-1).

. If not incorporated into the leak detector, install an optional
calibrated leak as follows:

o To temporarily install a calibrated Tleak, use the KF 40 to
1-1/8-inch adapter ({(Part No. 99-138-1402) to attach the
calibrated leak to the top test port. Calibrated leaks with
smooth 1-1/8-inch giameter_fattings are available with leak rates
that range from 107" to 10 atm’cc/sec.

o To permanently install a lO—8 atm.cc/sec calibrated leak, proceed
as folTows:

NOTE: We do not recommend permanent installation of a calibrated
leak Tf the ULTRATEST is used mainly for detecting very
fine leaks; the valve on the calibrated leak may cause a
helium background in the most sensitive range.

NOTE: For permanent installation, you must use a 10_8 atm°cc/sec
calibrated leak (P/N 16557).

a. Remove the KF clamp ring from the top test port and the four
allen-head capscrews that secure the larger black work top to
the leak detector; 1ift this work top off of the leak detector
(see Figure 1-1).

b. Remove the clamping collar, support ring, and the sealing disk
from the KF10 port on the valve block (see Figure 2-2).

c. Use a small screwdriver to pry the cap off of the
calibrated-leak valve knob.

d. Loosen the collet screw coupling and remove the valve knob
from the calibrated leak.

e. NOTE: The kit that comes with the ULTRATEST includes a black
plastic handwheel with brass nut and bushing, a red
plastic cover cap, a drive rod, and a steel sleeve with
four setscrews.

Assemble the extension handwheel as follows:

(1) Using two of the setscrews, attach the steel sleeve onto
the valve spindel of the calibrated leak.

(2) Using the other two setscrews attach the end of the
drive rod that has a flat side to the other end of the
steel sleeve.



KF10 PORT ON VALVE BLOCK
WITH CLAMPING COLLAR

CALIBRATED
LEAK

1F-3.1

Figure 2-2 - Calibrated Leak Permanently Installed in the Leak Detector

f. Proceed as follows to move control valve SV2 so that the PVC
tubing does not interfere with the calibrated leak (see Figure
8-3A).

(1) Remove the two screws that secure SV2 to the structrual
angle iron.

(2) shift SV1 along the angle iron toward the center of the
machine.

(3) When the holes are aligned, resecure it with one bolt.

g. Refer to Section 8-9-1 to install the KF10 calibrated leak
flange onto the KF10 port of the valve block.

h. Feed the drive rod, which is installed on the calibrated leak,
through the "TEST LEAK" hole in the front panel of the leak
detector (see Figure 2-2).

i. Fix the black plastic handwheel onto the top end of the drive
rod by tightening the collet screw coupling.

j. Snap the red cap into the black handwheel.

k. Place a label near the handwheel indicating the leak rate of
the calibrated leak.

- Revised 7/84 - 7



Section 2-2 continued

5. Check the following electrical cables and connectors to ensure
all pins are fully inserted and all connectors are firmly
latched.

- 3 plugs connected to the back of the MS mode] (see Figure
2-3).

- 1 plug and several slip-on quick disconnects on pc board LP
11 which s behind the small black front panel that is
beside the MS module (see Figures 1-1 and 8-3¢C).

- the 6 plugs on the back of the electrics model (see Figure
2-3).

BACK OF
MS MODULE

BACK
OF
ELECTRICS

(EL)
MODULE

1F-4.7A

Figure 2-3 - Back of the MS and Electrics (EL) Modules



6. NOTE: Ensure that the power supply meets the power requirements
listed on the identification plate of your leak detector
(see Figure 1-2).

NOTE: The internal parts of the ULTRATEST operate at 220 volts.
Your Teak detector has been fitted with a transformer
(located at the rear of the D4A backing pump) to provide
this voltage from the line voltage of your plant.

Install the special twist-lock outlet that came with the
ULTRATEST onto a suitable power supply and plug the twist-lock
plug of the leak detector into the outlet (see Figure 2-1).

7. If you want to install a chart recorder, connect the plug (P/N
500-17-119) of the recorder onto the 6-pin output socket on the
back of the FB module (see Figure 2-1). The function of each
lead-out connection is as follows:

1- Qutput voltage to match digital display - For example, when
the digital display is -8, the pin 1 to 3 output is 8 VDC;
when the digital display is blank, the pin 1 to pin 3 output

is 0 VDC.
2- Remote emission ON,
3- Ground,

4- Remote emission ON,

5- Qutput O to 10 VDC for leak in each meter range (10 VDC is
full scale deflection of the leak-rate meter,

6- Not used.

8. See Appendix B to set the triggers to automatically alert the
operator when the zero setting or helium background has changed
or when the test object should be rejected.

9. If the 1leak detector will be exposed to higher levels of

contaminants, we recommend installing a cold trap or a coaxial
trap (Part No. 99-171-164) on the test port of the leak detector.

- Revised 5/85 - 9






SECTION 3

BRIEF DESCRIPTION

The _Rerose of the ULTRATEST F is to find and quantify leaks as small as 2
x 10 atm.cc/sec. See Table 3-1 for the specifications.

Helium is used as the search gas to penetrate any leaks in the object being
tested. The ULTRATEST detects and quantifies any helium leaking through the
test object. See Sectiom 5 for information on leak checking techniques.

The heart of the ULTRATEST is the mass spectrometer. The roughing system
and the high vacuum system provide the necessary conditions for the mass
spectrometer to detect helium.

This section contains a brief description of the vacuum system of the leak
detector. See Section 7 for a detailed description and operating principles
of the ULTRATEST.

3-1 MASS SPECTROMETER

The ULTRATEST mass spectrometer consists of an ion source, a magnet, a
collector, valve V5, and gauges PII and PIII. Gas entering the mass
spectrometer is jonized and then separated by jts mass/charge ratio so
that only helium strikes the collector. A signal proportional to the
amount of helium striking the collector registers on the FB module
meter as the leak rate.

The EMISSION pushbuttons on the mass spectrometer turn the ion source
ON and OFF. The slotted potentiometers "EMISSION", "U1", and U2" on the
front of the MS module control the emission current in the ion source,
the accelerating voltage of the jons, and the deflection voltage. These
potentiometers are used to tune the mass spectrometer so that only
helium reaches the collector.

The pressure in the mass spectrometer must be be]ow_h x 10 2 mbar for
the emission to be turned ON and below 2 x 10 for the mass
spectrometer to function properly. If the mass spectrometer is allowed
to operate at pressures above 2 x 10 ' mbar, the leak-rate reading will
be inaccurate, the ion source will deterioate rapidly, and the mass
spectrometer may become contaminated. Interlocks in the ULTRATEST
prggent the mass spectrometer from operating at pressures above 1 X
10 = mbar.

Gauges PII and PIII monigor the pressure in the mass spectggmeter. P;é
measures from 1000 to 10 mbar and PIII measures from 10 to 10
mbar. PII and PIII can be read from the FB module meter. The EMISSION
must be ON to read PIII or to read the emission current (IE).

10
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Section 3-1 continued

3-2

3-3

Handwheel valve V5 seals off the mass spectrometer from the rest of the
system to prevent it from becoming contaminated when the ULTREATEST is
not being used to leak check or when the cold trap defrosts.

THE ROUGHING SYSTEM

The primary purpose of the roughigg system is to quickly reduce the
pressure in the test object to 3 x 10 © mbar . The roughing pump can
operate from atmosphe[}c pressure with high pumping speed. Once the
pressure reaches 3 X 10_¢ mbar the high vacuum system takes over.

The main components of the roughing system are the roughing pump and
valve V1 (see Figure 3-1).

The roughing pump is a TRIVAC® vane pump. The RP pushbutton on the leak
detector is used to turn the roughing pump ON and OFF.

When the PUMP pushbutton is pressed, valve V1 opens which allows the
roughing pump to evacuate the test object. Gauge PI measures the
pressure in the test port. When the pressure reaches 1 mbar, valve V2
begins to open to connect the test object to the high vacuum system.
The READY lamp on the front of the FB module begins flashing to
indicate that the ULTRATEST is ready t92 leak check at reduced
sensitivity. When QEessure Pl reaches 3 x 10 ° in the test port and PII
is below 2 x 10 in the mass spectrometer, valve V2 opens fully and
valve V1 closes. The READY lamp lights with a steady glow to indicate
that the ULTRATEST is now ready to leak check at full sensitivity.

Vvalve V3 is also attached to the test port. It is used to vent the test
port and the test object after the test is completed. The test port is
vented to allow easy removal of the test object. Vent valve V3 1is
opened by holding the VENT pushbutton down for two seconds. Tapping the

VENT pushbutton closes valves V1 and V2 but does not open vent valve
V3.

HIGH VACUUM SYSTEM

The mass spectrometer _gas its best sensitivity to helium when the
pressure is less than 10> mbar. The high vacuum system evacuates the
mass spectrometer to the required pressure in addition to protecting
the mass spectrometer from contamination.

The high vacuum system consists of Valves V2 and V4, the cold trap, and
2 LEYBODIFF® 180L diffusion pump backed by a TRIVAC® D4A vane pump.

TRIVAC and LEYBODIFF are registered trademarks of Leybold-Heraeus.

12



Valve V2 s an automatic bellows sealed valve. It begins opening when
the pressure in the test po[§ reaches 1 mbar and opens fu]ly when the
pressure reaches 3 x 10 in the test port and 2 x 10 in the mass
spectrometer. When V2 ijs fully open the test object is connected with
the mass spectrometer and high vacuum system (see Section 3-2).

When the cold trap is filled with liquid nitrogen (LNZ), water vapor
and other contaminants condense and adhere to its cold ifiner wall. This
prevents the contaminants from reaching the mass spectromenter,
Contaminants 1in the mass spectrometer result in reduced sensitivity to
helium, high background, and false leak rates. The cold trap must not
be allowed to thaw while valve V5 is open because it would release its
concentrated contaminants into the mass spectrometer,

The ultimate pressure of the diffusion pump is 10-7 mbar, but diffusion
pumps cannot exhaust to atmospheric pressure. Thus a backing pump is
needed to pump the gas from the diffusion pump exhaust.

When the ON/OFF pushbutton on the front of the leak detector is
pressed, the diffusion pump heater and the backing pump start. It takes
approximately 20 minutes for the diffusion pump to reach its operating
temperature of 190C. When the ON/OFF pushbutton is pressed to turn off
the leak detector, the cooling fans and the backing pump continue to
run until the diffusion pump cools to 90C.

V4 is a bellows sealed handwheel valve. During shutdown valve V4 is
closed to hold the vacuum in the cold trap and prevent backstreaming of
011 vapors from the diffusion pump. During operation valve V4 can be
partially closed to reduce the pumping speed which increases the
sensitivity of the ULTRATEST to helium,

13
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TABLE 3-1 SPECIFICATIONS

TECHNICAL DATA

Minimum Detectable Leak
with full pumping speed*

with reduced pumping speed*

Full Scale Leak-Rate Reading
on Least Sensitive Scale

Noise Amplitude in the
Most Sensitive Range

Response Time

Clean-up Time

Amplifier, Drift

Adjustable Emission Current
Dectectable Masses

Total Pressure Reading
THERMOVAC (PI & PII)
lonization Gauge (PIII)

Maximum Safe Continuous
Operating Pressure in
the Mass Spectrometer

Maximum Gas Flow at
Test Port During Test

Maximum Admissible Inlet
Pressure in Partial Flow
(Gross Leak) Operation

Pumping Speed at the
Test Port

of full scale deflection measured according to

atm.cc/sec
atm.cc/sec

10 x 10”7 atm.cc/sec

< 2% of full scale
deflection

1.5 seconds to reach
63% of final leak
reading

1.5 sec. for leak
reading to drop to
37% of original reading

< 1% of full scale
deflection per hour
after warmup

0.6 to 5 mAmp

3 and (helium) 4
(selectable)

-3
10_6 to 1099 mbar

10 to 10 ~ mbar

1 x 10.4 mbar

1 x 1073 atm.cc/sec

1 mbar

-for Helium 20 1tr/sec
- for air 10 1tr/sec

defined in American Vacuum Society Standard 7.1.

procedures

14
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TABLE 3-1 - SPECIFICATIONS continued

HIGH VACUUM PUMPING SYSTEM

Backing Pump
Displacement

Pump Fluid

Diffusion Pump
Pumping Speed for air

Pump Fluid, Polyphenolether

Cold Trap

Capacity

Holding Time

OUTPUTS

Chart Recorder Socket Bu

TRIVAC D4A
4.5 CFM (2.1
1tr/sec)
HE-200

LEYBOLDIFF 180L

180 1tp/sec (381 CFM)
at 10 ~ mbar;
throttied to
approximately 20
1tr/sec.

HE-300 (50 cc
optimum)

2.4 qts. of liquid
Nitrogen (LN.)
approx. 20 hPts. with
one filling

(see Figure 2-1; Section 2-2, Step 7; and Section 7-7-7-1)

Pins 5 (+) to Pin 3
(see Figure 2-1)

Pins 1 {+) to Pin 3
(see Figure 2-1)

Triggers 1 and 2
(see Appendix B)

DIMENSIONS

Leak Detector
FB Remote Control Module

0 to 10 vDC (10 VDC

is full scale

deflection of leak-

rate meter)

Voltage matches digital
display - when digital

display is -8, the pin 1 to 3
output is 8 VDC; when

digital display is blank, the
pin 1 to pin 3 output is 0 VDC

6 amp, 220 VAC max.
noninductive Form C. (SPDT)

29 x 20 x 33 inches
9.1 x 8.7 and 5.1
inches (4.4 1bs)

-~ Revised 5/85 -
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SECTION 4

OPERATION

See Appendix A if you are using the optional QUICK-TEST with your
ULTRATEST. See Appendix C if your ULTRATEST has the cold trap vent
modification; see Appendix D if it has the manual gross leak bypass
modification; see Appendix E if your ULTRATEST is the US autoranging
version.

4-1 CONTROLS

4-1-1 Location and Function of Each Control

Figures 4-1, 4-2, and 4-3 show the controls on the leak detector, the
MS module, and the FB module respectively, and include a brief
explanation of the function of each control.

See Sections 7-7, 7-8, and 7-9 for more detailed information on each
control.

See Section 4-1-2 for instructions on how to read the FB module
meter.

17
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VALVE V4
HANDWHEEL
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1F-6.3

Figure 4-1A - Valve V4 and V5 Handwheels on the Top of the Leak Detector

CIRCUIT HOLE FOR

BREAKER OPTIONAL
ULTRATEST ROUGHING PUMP BUTTON CALIBRATED
ON/OFF ON/OFF PHASE LEAK
PUSHBUTTON PUSHBUTTON LED HANDWHEEL

P ITT
METER
v IF2
PI METER
VENT
PUSHBUTTON
BACKING PUMP DIFFUSION PUMP PUMP
PILOT LAMP PILOT LAMP PUSHBUTTON

Figure 4-1B - Control Panel on the Front of the Leak Detector

Figure 4-1 - Controls on the Leak Detector
(see Figure 4-2 for the MS Module controls and Appendix D for additional
controls for the ULTRATEST with the manual gross leak bypass modification)
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(see

Figure

Figure 4-1 - Controls on the Leak Detector

4-2 for the MS Module Controls and Appendix D for additional

controls for the ULTRATEST with the manual gross leak bypass modification)

Reference
Section in
Control Function Manual
Yalve V4 Isolates the high-vacuum pumping system from |Sec. 7-6-2-4
Handwheel the cold trap, test port, and mass Fig. 3-1
spectrometer. Allows throttling of pumping
speed to increase sensitivity.
Valve V5 Isolates the mass spectrometer from the leak |Sec. 7-6-1-3
Handwheel detector vacuum system. Fig. 3-1
"ON/OFF" Turns power ON and OFF to the ULTRATEST. Sec. 7-8-1
Pushbutton
Pilot Lights when the backing pump is operating. Sec. 7-8-1
Lamp
Gl:b Pilot Lights when the diffusion pump is at Sec. 7-8-2
Lamp operating temperature.
RP Switches roughing pump ON and OFF. Sec. 7-8-3
Pushbutton
"PUMP" Evacuates the test object and connects it to |]Sec. 7-8-4
Pushbutton the mass spectrometer if the emission and
roughing pump are ON.
"VENT" When briefly pressed, it isolates the leak Sec. 7-8-5
Pushbutton detector from the test object. When depressed
for 1.5 seconds, it also vents the test object
Phase Warns operator of reverse polarity for leak Sec. 7-8-7
LED detectors with 3-phase D30A or D60A roughing
pumps.
Circuit Allows resetting of the circuit Sec. 7-8-8
Breaker breaker after a supply surge
Button or short shuts down the ULTRATEST.
"TEST LEAK" For opening optional calibrated leak during Sec. 2-2,
Handwheel calibration and closing calibrated leak when Sec. 4-3,
Teak checking. Sec. 7-8-9
PIII Meter Indicates acceptable {green) or unacceptable [Sec. 7-8-6
(red) pressure in the mass spectrometer.
PI Meter Indicates acceptable (green) or unacceptable |[Sec. 7-8-6

(red) pressure in the test port.

19




DIFF190°C

Meter

hours of the ULTRATEST (50 Hz. clock -
reads 1/6 higher hours)

DIFFUSION —_Jing
PUMP 190°C = 5
LED LAMP la Horacont §
EMISSION . EMISSION L 000551k
LED LAMP ‘“‘]‘~==¢>m ;
KATODE
CATHODE . . .
LED LAMP T , Torr-1-8~"
mbar-f.g-"7 = Std-em3-s-?
= Pg.}- s
EMISSION
ULTRATEST||MODUL MS
MASS EMISSION
SWITCH POTENTIOMETER U1POTENTIOMETER
Figure 4-2 - MS Module Controls
Reference
Section in
Control Function Manual
Mass Selector | Sets mass spectrometer from mass 2.5 Sec. 7-9-1
Switch to mass 4.5.
"MASSE™
Slotted Sets emission current. Sec. 4-3
Potentiometer Sec. 6-5-1
"EMISSION"
Slotted Sets the accelerating voltage Sec. 7-9-3
Potentiometer| in ion source. Sec. 4-3
llUlll
Slotted Sets voltage applied to deflection Sec. 7-9-4
Potentiometer| plates (i) in the ion collector. Sec. 4-3
IIU2ll Fiq, 7_5
"DIFF 190°C" | Lights when the diffusion pump Sec. 7-9-6
LED is _at operating temperature.
"EMISSIONT Lights when ion source is Sec. 6-5-1
LED functioning.,
“KATODE" Indicates that heating current
LED is passing through cathode filament
in_the ion source.
Elapsed Hour | Record the cumulative operating Sec. 7-9-8
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ANALOG METER
SCALE

DIGITAL
DISPLAY

SKALENEXPONENT

RANGE

SELECTOR
EMISSION
LED LAMP
EMISSION BEREIT PUMPEN FLUTEN LAUTST. VOLUME
t a READY PUBP VENY VOLUME CONTROL
: s KNOB
; ,
i | ULTRATEST MODUL\FB
EMISSION READY PUMP AND ZERO KNOB
ON (1)/OFF (0} LAMP VENT
PUSHBUTTONS PUSHBUTTONS
Figure 4-3 - FB MODULE CONTROLS
Reference
Section in
Control Function Manual
Range Select total pressure (PI, PII, PIII), Sec. 4-1-2
Selector emission current (I.), or sensitivity
Switch ranges of leak rateE for indication on
the meter.
"EMISSION" For switching the emission current in the Sec. 7-7-1
Pushbuttons ion source ON (1) and OFF (0). Sec. 6-5-1
Meter Provide analog scales for display of Sec. 4-1-2
pressure, emission current, or leak rates.
Digital Displays exponent for indication of leak Sec. 4-1-2
Display rate.
"ZERO" Knob For 0 adjustment of amplifier Sec. 4-2
Step. 7e
"VOLUME" To turn up or silence the audible Sec. 7-7-4
Control leak-rate signal.
"READY" A 1it READY lamp indicates that the ULTRATEST | Sec. 7-7-6
Lamp is ready for leak checking in the most
sensitive range. A flashing lamp signals
that the ULTRATEST is ready for coarse leak
checking.
"pPump " Fvacuates the test object and connects it to | Sec. 7-8-4
Pushbutton the mass spectrometer if the emission and
roughing pump are ON.
"VENT" When briefly pressed, it isolates the leak Sec. 7-8-5
Pushbutton detector from the test object; when depressed
for 1.5 seconds, it also vents the test
object.
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4-1-2 Reading the Pressure, Current, and Leak Rate

22

The meter on the FB module has four scales, as well as a red and
green LED lamp. The position of the range selector switch determines
which scale you read (see Figure 4-3).

When the range switch is on PI, the PI scale on the meter indicates

the total pressure in the test port.

When the range switch is on PII, the PII scale on the meter indicates
the total pressure in the mass spectrometer,

The PI/PII scale reads from 103 to 1073 mbar, When valve V5 is
closed, the pressure indicated by PII will not decrease because PII
is reading the pressure in the mass spectrometer not the pressure in
the pumping system.

When the range switch is on PITI, the PIII scale on the meter

indicates the total pressure measured in the iog3source_8f the mass
spectrometer, The PIII scale reads from 10 to 10 © mbar. PIII
indicates pressure only when the emission is ON.

When the range switch is on I, the red 0 to 10 scale on the meter

indicates the emission current if the ion source in milliamps. An
optimal emission reading is between 0.6 and 1.2 milliamps for a new
ion source. See Section 6-5 to determine if the ion source needs to
be changed. You can read IE only when the EMISSION is ON.

When the range switch is on 1,000, 300, 100, 30, 10, 3, or 1, the

meter displays the Teak rate. To choose which leak-rate switch
position to use for a particular leak, turn the switch from positon
to position (1,000, 300 ... etc.) until you see about a half-scale
needle deflection on the meter. If the needle deflection is less
than 3 on the 0 to 10 scale, you can turn the switch to the
appropriate 3 positon (300, 30, or 3) to read the meter more
accurately on the 0 to 3 meter scale. When the switch is on 1,000
100, 10, or 1 position, the red LED lamp on the meter lights to
signal that you read from the red 0 to 10 scale. When the switch is
on 300, 30 or 3 positions, the green LED Tamp lights to signal that
you read from the green 0 to 3 scale.

To determine the 1leak rate, multiply the meter reading by the
exponent-reading on the digital display and then subtract the
background (see Section 8-2-1). For example, if the switch is on 300,
the needle deflection is 1.5 on the 0 to 3_scale, and the exponent is
-8; then the 1leak rate is 1.5 x 10 atm.cc/sec (minus the
background).

See Figure 4-4 for three additional examples of how to read the
leak-rate meter.



Example 1 EXPONENT

x10 |~

C

1000 300 100
— —30
—_ —10
— ~3

Leak-rate reading of 3 x 108 atm-ce/sec* (minus the background)

Example 2

EXPONENT

x10 |-

1000 300 100
_\I /-

N — 30
—_— — 10

—_ ~ 3

_/ ‘

Leak-rate reading of 5 x 10-10 atm-cc/sec* {minus the background)

Example 3

EXPONENT

4 6

x10 |- |

1000 300 100

__\_\ _— 30

— 10

~3
N—1

L\

Leak-rate reading of 1 x 10°7 atm-cc/sec* {minus the background)

1F-5.2

* “mbar- | .51 is marked on the meter; mbar- | .s"V and atm-cc/sec are equivalent units.

Figure 4-4 - Reading the Leak-Rate Meter (3 examples)
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4-2
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When using the optional QUICK-TEST, multiply the leak rate by the
correction factor (see Section A-3-1). Using the same example, if
the correction factor. is 1000 (+3 exponents), the approximate leak
rate would be 1.5 x 107 when using the QUICK-TEST.

I[f your ULTRATEST has a change-over switch on the preamplifier, you
can turn this switch to shift the measurement range to large Tleak
rates by a factor of 100 (see Section 7-6-1-2).

[f your ULTRATEST is the US autoranging version, see Appendix E.

START-UP

NOTE: See Section 8-16-1 for an electrical description
of the power up sequence,

NOTE: Ensure that the test port is closed before following this
start-up procedure.

Proceed as follows to start the ULTRATEST after it has been totally
shutdown (see Section 4-6-3).

1. Check that the FB meter needle points to 0 on the red 0 to 10
scale, if not turn the screw that is Tocated just below the
meter until the needle points to 0 (see Section 7-7-2).

2. Ensure that handwheel valves V5 and V4 are closed (see Figure
4-1A).

3. Press the ON/OFF pushbutton to start the high vacuum pumping
system; the lamp in the pushbutton, the backing pump lamp, and
the digital display on the FB meter will light (see Figure
4-1B).

4. Press the RP pushbutton to start the roughing pump; the Tamp in
the RP pushbutton will light, Tap the VENT pushbutton.

5. Turn the range switch on the FB module to PII and read the
pressure on the PII scale of the meter (see Section 4-1-2).

[f the PII pressure is greater than 10'2, proceed as follows to

briEg the pressure in the mass spectrometer to approximately
10 ©.

a. Open handwheel Valve V4 (see Figure 4-1A).

b. Open handwheel Valve V5 (see Figure 4-1A).



Section 4-2, Step 5 continued

c. NOTE: It normally takgi about 1 minute for PII to reach
approximately 10 ©. However, if the leak detector
has been shutdown with valves V5 and V4 open, it may
take considerably longer for the pumping system to
remove the contaminants and reach 10-2. See Section
8-2-4 for information on contamination and Section
4-6 for the correct shutdown procedure.

Observe PII until it reaches approximately 10 2 and then
close valves V4 and V5 (see Figure 4-1A).
S Taeh o
6. NOTE: When the diffusion pump reaches its operaging temperature,

the diffusion pump lamp and the "DIFF 190°C" LED on
the MS module will light (see Figures 4-1 and 4-2). It
generally takes 20 to 30 minutes for the diffusion pump to
reach operating temperature.

After the "DIFF 190°C" LED lights, open valve V4 and proceed as
follows (see Figures 4-1 and 4-3).

a. NOTE: We recommend adding 1iquid nitrogen (LN,) to the cold
trap unless you are using the optional QEICK—TEST (see
Appendix A). [If you are using neither the optional
QUICK-TEST nor LNZ’ allow the ULTRATEST extra time
to pump down to reémove water vapor and fingerprint and
solvent residues.

WARNING: USE EXTREME CARE WHEN POURING LN2; SPILLED DROPLETS
CAN CAUSE SPOT FROSTBITE.

NOTE: The cold trap capacity is about 2.4 quarts (20 hours)

of LN,.

2

carefully pour a small portion of the LN, into the filler
port on the top of the cold trap (see Figure“4-1A), wait for
a minute or two, and then pour the remaining LN, into the
cold trap unit it is full. Replace the stopper “into the
filler port. .

b. Open valve V5.

c. Set the range §§itch to PII and wait until the pressure is
Jess than 1 x 10 ° before proceeding (see Section 4-1-2).

d. Press the EMISSION "1" pushbutton on the FB module to turn
ON the emission in the ion source (see Figure 4-3); the
"KATODE" and EMISSION LEDS on the MS module and the EMISSION
LED on the FB module will Tight.

e. Turn the rangg switch to PIII and wait until the pressure
reaches 5 x 10 ~ mbar.

25
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7. Check the calibration of the ULTRATEST as follows:

a.

b.

. Turn the range selector to the leak-r

Open the calibrated leak.

Press the PUMP button; the orange READY lamp on the FB module
will flash ON and OFF for about 19 seconds and then it will
Tight with a steady glow.

. Shut the calibrated leak.

. Once the READY lamp shows a steggy glow repeat Step 5e to

ensure PIII is at or below 5 x 10 mbar.

. NOTE: During the first 2 hours of operation, repeat the zero

correction several times.
Zero the FB module meter as follows:
(1) Push the EMISSION "0" button to switch the emission off,

(2) Turn the ragge selector on the FB module fully clockwise
to the 10 atm’cc/sec range.

(3) Turn the "“ZERO" knob until the needle on the meter
registers 0 (zeroing the background).

(4) Push the EMISSION "1" button to switch the emission ON.

Qge range marked on the

optional calibrated leak (normally 10 ° atm'cc/sec).

- Open the optional calibrated leak. The FB module meter will

overshoot, then settle to a steady value.

Read the leak-rate on the FB module meter. If the ULTRATEST
is perfectly calibrated, the meter reading will equal the
leak-rate stamped on the calibrated leak.

If the difference between the leak-rate reading and the
actual leak rate is unacceptable for your purposes, refer to
Section 4-3 to calibrate your ULTRATEST.

Shut the calibrated leak. The leak-rate reading should drop
to the left toward 0. With the calibrated leak closed the
leak-rate reading 1is the result of the background (see
Section 8-2-1).

Tap the VENT pushbutton. If you need to open the test port so
that you can connect the test object, hold the VENT pushbutton
down for 2 seconds to vent the test port.

-~ Revised 5/85 -



4-3 CALIBRATION

NOTE: The calibrated leak allows a constant flow of helium into the
leak detector. The flow rate is stamped on the calibrated leak.
Fach time a calibrated leak is opened, it gives a slight
pressure burst bggore settling down to its flow rate. We
recommend using a 10°° atm.cc/sec calibrated leak to calibrate
the ULTRATEST.

Check the calibration by opening the calibrated leak once or twice a
day during operation. The leak rate indicated on the meter should
match the Tleak rate stamped on the calibrated leak (see Step 7 of
Section 4-2). If the difference between the leak-rate reading and the
actual leak rate is unacceptable for your process, recalibrate the

ULTRATEST as follows:

1. Refer to Section 4-2, Steps 1 through 7 to start the ULTRATEST.

2. Turn the range switch to PIIT and wait until PIII reads less than 5
x 10 and the READY lamp lights with a steady glow (see Section
4-1-2).

3. Ensure that the mass switch is in the 4 position (see Figure 4-2).

4. Open the calibrated leak (see Figure 2-2).

5. Turn the range switch to I_ and adjust the emission potentiometer
until the needle points to 1-on the red 0 to 10 scale (see Section
7-9-2).

6. Turn the range switch to the appropriate leak-rate position so that
the needle is approximately mid-scale on the meter.

7. Proceed as follows to adjust U; and U, (see Figure 4-2).

a. Using a screwdriver, adjust slotted potentiometer U, for the
highest attainable reading on the meter. Start by slowly
turning the U potentiometer clockwise; continue to turn it
clockwise as 10%9 as the meter reading is increasing. When the
meter reading begins to decrease, turn the potentiometer
counterclockwise until the needle reaches its peak.

b. Repeat Step 7a for slotted potentiometer U2.

¢. Readjust U1 for maximum meter reading.
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8. NOTE: See Section 4-1-2 for instructions on reading the leak rate.

NOTE: See Section 6-5-1 to determine if the ion source needs to bhe
replaced.

Adjust the EMISSION potentiometer until the leak-rate indication on
the meter matches the leak-rate stamped on he calibrated leak (see
Figure 4-2). Be sure you are reading the correct (green 0-3 or red
0-10) scale on the leak-rate meter.

9. Shut the calibrated leak; the meter reading should drop toward 0
(see Figure 2-2). With the calibrated leak closed, the leak-rate
reading is the result of the background (see Section 8-2-1).

10. Turn the mass switch to the 4.5 and then to the 3.5 position; the
meter reading should drop toward 0 when the switch is on 4.5 or
3.5. If the leak-rate indication does not drop toward 0, it is
probably due to contamination (see Section 8-2-4). Return the
switch to the 4 position.

USING THE ULTRATEST F TO EVACUATE AND LEAK CHECK SMALL PARTS

The following is the most commonly used leak checking procedure. See
Section 5 for information on other leak checking techniques.

1. NOTE: The ULTRATEST F has two test ports. The top test port (see
Figure 6-1) is sealed with a blind flange and KF40 clamp
ring. Most customers connect the test object to the top
test port. The side test port (see Figure 6-1) is sealed
off with an ultra-high vacuum disk and a clamping collar.
If you are connecting your test object to the side
test port, you may wish to seal the top test port with an

ultra-high vacuum disk and the clamping collar (see Section
8-9-1).

Depress the VENT pushbutton for 2 seconds and then connect the
test object to the test port of the leak detector.

2. Set the range switch on the FB module to jge range of the leak
that you are trying to find, for example 10 (see Figure 4-3 and
Section 4-1-2).

3. Press the PUMP pushbutton (see Figure 4-1B).

4. For coarse leak checking, wait until the orange READY Tight begins
tlashing before Teak checking.

For fine leak checking, wait until the READY light shows a steady
glow (about 10 seconds for small test pieces) before 1leak
checking.

- Revised 5/85 -



. Spray the test object with helium and read the leak rate from the

FB module meter (see Section 4-1-2).

_ After the test, depress the VENT pushbutton for 2 seconds (see

Figure 4-1B or 4-3).

. Remove the test object from the test port.

4-5 OPERATING HINTS

(1)

(2)

See Appendix A if you have the optional QUICK-TEST, Appendix D if
you have the ULTRATEST with manual gross leak bypass modification,
and Appendix E if you have the US autoranging version,

See Section 5 for leak checking techniques and Section 4-1-2 for
instructions on reading the meter.

For remote leak testing, the FB module can be removed from the
leak detector. The two units must be connected by an optional
extension cable (Part Number 15571) when the FB module is removed.

The pressure in the mass spectrometer must be less than 2 Xx 10_4
mbar_gor coarse leak checking. When the pressure is at or below 5
x 10 ° mbar, the ULTRATEST has its best sensitivity.

The EMISSION must be ON before you press the PUMP pushbutton;
otherwise, you cannot leak check because valve V2 will not open
(see Section 7-8-4). If you press the PUMP pushbutton when the
roughing pump is ON and the EMISSION is off, the test object is
evacuated but it is not connected to the high vacuum system or to
the mass spectrometer. This mode of operation is useful when
preparing to test larger volumes before turning the EMISSION ON.
However, allowing the leak detector to remain in this operational
state results in oil vapor condensing on the valve block surfaces
when the roughing pump reaches its ultimate pressure.

Ensure that the optional calibrated leak 1is closed when leak
checking so that you do not get a high background (see Figure
2-2).

Occasionally open the valve on the calibrated leak (see Figure
2-2) and use Step 7 of Section 4-2 to check if the ULTRATEST needs
to be calibrated.

Both valves (V4 and V5) should be closed to prevent contamination
when the ULTRATEST is not being used for leak checking (see Figure
4-1A). Always turn off the emission before closing V5 to prevent
deterioration of the ion source. V5 is always the last valve you
open and the first valve you close.
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(9)

(10)

(11)

(12)
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Do not allow all the LN, to evaporated from the cold trap when
valve V5 is open or when thé leak detector is turned OFF [see Item
(10)1. When the LN, evaporates, the contaminants are released and
will enter the mass“spectrometer if valve V5 is open. If the high
vacuum system is off, the released contaminants will not be
removed from the Teak detector. See Section 8-2-4 for information
on contaminants. See Section 6-4 for information on cleaning the
cold trap.

It is best to fill the cold trap with LN, once a day before you
begin Teak checking (see Section 4-2, Step %a). After you are
finished 1leak checking for the day, tap the VENT button, turn off
the roughing pump, and allow the remaining LN to evaporate
overnight while the leak detector is running and valve V5 is
closed (see Section 4-6-2). This will allow the cold trap to thaw
and release the contaminants overnight., The high vacuum system
will remove the released contaminants from the leak detector.
Because valve V5 is closed, the released contaminants can not
enter the mass spectrometer. If you cannot allow overnight
self-cleaning because you are running the ULTRATEST for three
shifts, remove and clean the cold trap at Teast once every 2 weeks
(see Section 6-4-3).

If you are using neither the optional QUICK-TEST nor LNZ’ allow
the ULTRATEST extra time to pump down to remove water vapor and
fingerprint and solvent residues.

Always turn off the EMISSION, shut valve V5, and turn off the
roughing pump before allowing the leak detector to run overnight
(see Section 4-6).



4-6

4-6-1

4-6-2

SHUTDOWN

CAUTION: DO NOT UNPLUG THE POWER SUPPLY TO TURN OFF THE ULTRATEST.

UNPLUGGING THE POWER SUPPLY WHILE THE DIFFUSION PUMP IS HOT
CAN RESULT IN THE DIFFUSION PUMP FLUID BAKING ONTO THE PUMP
OR BACKSTREAMING INTO THE MASS SPECTROMETER OR COLD TRAP.

Temporary Shutdown (less than 4 hours)

Do not shut off any of the controls for short breaks from leak
checking. Switching off the emission changes the operating
temperature which may cause slight variations in the calibration
values until the ULTRATEST again reaches operating temperature.

Overnight or Weekend Shutdown

Allowing the high vacuum pumping system to run overnight removes
contaminants from the cold trap as the LN, boils off and prevents
helium and condensation from accumu]atin% in the high vacuum system
(see Section 4-5, Items (9) and (10)). Even if LN, 1is not being
used, this additional pumping helps reduce contamingtion.

Shutdown the ULTRATEST overnight as follows:

CAUTION: FAILURE TO TAP THE VENT PUSHBUTTON AND TURN OFF THE
ROUGHING PUMP WILL RESULT IN OIL BACKSTREAMING INTO THE
VALVE BLOCK AND TEST PORT.

1. Ensure that the PIII pressure is in the mid 10_6 mbar range or
below before proceeding (see Figure 4-3).

2. Tap the VENT pushbutton.

3. Press the EMISSION "0" button on the FB module to turn off the
emission (see Figure 4-3).

4. Shut valve V5 (see Figure 4-1A).

5. Press the RP pushbutton to turn off the roughing pump (see Figure
4-1B).

Do not shutdown the ULTRATEST immediately after a long pumping
session. Allowing the leak detector to run for a while permits some
self cleaning.
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Long-Term Shutdown

If you will not be using the ULTRATEST for more than a week, use the
procedure in this section to totally shut it down. Ensure that the
cold trap is empty before shutdown (see Step 8). After a long pumping
session, allow the 1leak detector to run for a while to permit self
cleaning before shutting it down.

Proceed as follows to shutdown the ULTRATEST for more than a week.

1. Press the VENT pushbutton and hold it down for 2 seconds (see
Figures 4-1B or 4-3).

2. Seal the test port with a blind flange (see Figure 1-1).

3. Press the PUMP pushbutton and wait until the "READY" lamp shows a
steady glow (see Figure 4-1B or 4-3).

4. Check PIII to ensure that the pressure is in the mid 10-6 range or
below (see Section 4-1-2).

5. Tap the VENT pushbutton.
6. Switch off the emission (see Figure 4-3).
7. Close valve V5 (see Figure 4-1A).

8. Allow the high vacuum pumping system to run until all the LN2
boils out of the cold trap. If you can not wait for all the LN2
to boil off, close valve V4, and empty and clean the cold trap
using the instructiions in Section 6-4-3.

9. Close valve V4 (see Figure 4-1A).

10. Press the ON/OFF pushbutton to turn off the ULTRATEST. The vane
pump and the fans will continue to operate for 30 to 45 minutes
until the pump cools down, then the ULTRATEST will shut off
automatically,

If the ULTRATEST has seen hard industrial use and you will be storing
it without operation for longer than a month, change the pump fluid in
both vane pumps (see Section 6-2) to remove any acid buildup.



SECTION 5

LEAK CHECKING TECHNIQUES

CAUTION: DO NOT EXPOSE THE MASS SPECTROMETER TO PRESSURES GREATER THAN 10-4
MBAR OR TO CONTAMINANTS SUCH AS FREON, HALOGENS, WATER VAPOR, OR
OIL VAPOR (see Section 8-2).

Refer to Section 4-4 to use the ULTRATEST to evacuate and leak check smail
parts. See Appendix A-4 for leak checking techniques wusing the optional
QUICK-TEST. See Appendix D if your ULTRATEST has the manual gross leak
bypass modification.

The following describes some aditional leak checking techniques that are
commonly used with the ULTRATEST.

5-1 SLIPSTREAM OR PARTIAL FLOW LEAK TEST

A system vacuum pump is needed if you want to detect coarse leaks or if
the vacuum vessel is very large (see Figure 5-1). A system vacuum pump
can also be used to decrease pump down time or to reduce the exposure
of the leak detector to contaminants. The sensitivity of the Tleak
detector is reduced when using this partial flow technique. To get
full sensitivity, close the throttie valve after the test vessel s
evacuated to an acceptable pressure.

CAUTION: IF THE FURNACE OR SYSTEM HAS A DIFFUSION PUMP CONTAINING
SILICONE FLUID, IT COULD CONTAMINATE THE ULTRATEST VACUUM
SYSTEM. ONCE SILICONE IS BAKED ONTO THE VACUUM SYSTEM, IT
MUST BE CLEANED WITH SOAP AND WATER.

HELIUM

<)} SPRAY

q THROTTLE
VALVE

SYSTEM
VACUUM
PUMP

ULTRATEST
F

1F-53

Figure 5-1 =~ Typical System for Leak Checking Using the Slipstream or
Partial Flow Method
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Proceed as follows to find leaks using the slipstream or partial flow
method (see Figure 5-1).

1. PTumb the leak detector into the vacuum system manifold as shown
in Figure 5-1. Be sure to use good vacuum techniques to avoid
new leaks; we recommend O-ring-sealed joints and welded tubes.

2. Press the PUMP pushbutton and wait until the READY lamp lights

(see Section 7-8-4). It may be necessary to add a throttling
valve in the line to the leak detector to enable the READY lamp
to come on steady.

3. Working from the top to the bottom, spray helium search gas onto

the spots on the test vessel suspected of leaking.

4. The search gas penetrates through the leak, and then travels

through the test vessel and connecting tubing to the 1leak

detector, The response time depends on the volumne/pumping
speed ratio of the system and on the distance between the Tleak
and the ULTRATEST. Response time must be considered when

probing several spots to avoid errors in locating leaks.

5-2 HOOD LEAK TEST

34

NOTE: A system vacuum pump or roughing pump can also be used with the

hood leak test (see Section 5-1).

Proceed as follows to determine the overall Teak rate of a test object
using the hood test (see Fiqure 5-2)°

1.

Press the PUMP pushbutton and wait until the READY Tamp lights
(see Section 7-8-4).

. Cover the test object with a hood (i.e. a PVC bag or metal

chamber) .

. Fi11 the hood with helium search gas.

. The helium search gas enters the test object through any leaks and

is drawn through the connecting tubing into the leak detector. The
leak rate indicated on the ULTRATEST meter is the total 1leak rate
of the test object. This method can not be used to locate
individual leaks.



Figure 5-2 -

LEGEND:

3 HELIUM SEARCH

1 TEST OBJECT
2 ULTRATEST
GAS CYLINDER

4 TEST ENVELOPE =] 2
ULTRATEST ULTRATEST
Hood Leak Test Figure 5-3 - Back Pressurization
Diagram Leak Test Diagram

5-3 BACK PRESSURIZING TECHNIQUE (Bombing test)

NOTE: A

system vacuum pump or roughing pump can also be used with

back pressurizing techniques (see Section 5-1).

NOTE: This technique 1is extremely difficult to quantify because
exact amount of helium escaping through a leak depends on
factors including the following:

o 0O O OO0

Proceed

The concentration of helium in the pressurizing gas,

The length of time the object was in the pressure tank,
The volume of the test object,

The external and internal pressure, and

The amount of time that elapses between pressurization
testing.

as follows to use the back pressurizing technique.

1. Place the test object into a pressure tank.

2. Pressurize the pressure tank with helium search gas to allow
search gas to penetrate through any leaks into the test object.

3. Remove the test object from the pressure tank and blow-down
outside of the test object to remove any adsorbed helium.

4, Place

the test object into the vacuum vessel connected to

ULTRATEST test port (see Figure 5-3).

1F-5.4

the

the

many

and
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the

the

5. Press the ULTRATEST PUMP pushbutton and wait until the READY lamp
lights (see Section 7-8-4).
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6. Search gas in the test object will escape through any leaks and be
drawn through the connecting lines into the leak detector. The
leak rate indicated on the ULTRATEST meter is due to the total
leakage of the test object. This method can not be used to locate
individual Teaks (see Figure 5-3).

Steps 4 through 6 can also be applied to test objects filled with a
high internal pressure of helium search gas. MWhen the helium filling
quantity is precisely defined, the leak rate can be quantified.
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ULTRATEST ULTRATEST
Figure 5-2 - Hood Leak Test Figure 5-3 - Back Pressurization
Diagram Leak Test Diagram
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5-3 BACK PRESSURIZING TECHNIQUE (Bombing test)

NOTE: A system vacuum pump or roughing pump can also be used with the
back pressurizing techniques (see Section 5-1}.

NOTE: This technique is extremely difficult to quantify because the
exact amount of helium escaping through a leak depends on many
factors including the following:

The concentration of helium in the pressurizing gas,

The length of time the object was in the pressure tank,

The volume of the test object,

The external and internal pressure, and

The amount of time that elapses between pressurization and
testing.

O O O O 0O

Proceed as follows to use the back pressurizing technique.
1. Place the test object into a pressure tank.

2 Pressurize the pressure tank with helium search gas to allow the
search gas to penetrate through any leaks into the test object.

3. Remove the test object from the pressure tank and blow-down the
outside of the test object to remove any adsorbed helium.

4. Place the test object into the vacuum vessel connected to the
ULTRATEST test port (see Figure 5-3).

5. Press the ULTRATEST PUMP pushbutton and wait until the READY Tamp
Tights (see Section 7-8-4).
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6. Search gas in the test object will escape through any leaks and be
drawn through the connecting lines into the leak detector. The
leak rate indicated on the ULTRATEST meter is due to the total
leakage of the test object. This method can not be used to 1ocate
individual leaks (see Figure 5-3).

Steps 4 through 6 can also be applied to test objects filled with a
high internal pressure of helium search gas. MWhen the helium filling
quantity is precisely defined, the leak rate can be quantified.



SECTION 6
MAINTENANCE

See Table 6-1 for the maintenance schedule. The frequencies listed in the
Table assume that you are using the ULTRATEST in a relatively clean
environment. More frequent maintenance is required under adverse operating
conditions. The "Reference Section" columns of the table lists the Section
in this manual containing the maintenance instructions. If you have the

optional QUICK-TEST, see Appendix A. See Section 8 for troubleshooting and
repair.

TABLE 6-1 - MAINTENANCE SCHEDULE

Maintenance Frequency* Reference
Daily 100 Hours 1000 Hours 2000 Hours As Needed Section
Check Calibration X Sec. 4-2,
Step 7
Fill cold trap (20 hour Sec. 4-4,
holding capacity) X Item (10).
Sec. 4-2,
Step 6a.
Check vane pump fluid X Sec. 6-1
Clean cold trap X Sec, 6-4-3
Changing the fluid in the
vane pumps X Sec, 6-2
Clean the diffusion pump Step 2e of
fan and cooling fins X Sec. 6-3-2

Change the fluid and clean .
the diffusion pump X Sec. 6-3-2

Drain the pump fluid from
the control vacuum reservoir X Sec. 6-6

Add pump fluid to tne
diffusion pump X Sec, 6-3-1

Change the ion source X Sec. 6-5

* Use the hour counter on the MS module to schedule maintenace intervals. More frequent maintenance is
required under adverse operating conditions.
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6-1 CHECKING THE LEVEL AND CLEANLINESS OF THE PUMP FLUID IN BOTH VANE
PUMPS

Remove the lower panels from both sides of the ULTRATEST in order to

see the oil-level sight glass of the roughing pump (see Figure 6-1)
and of the backing pump (see Figure 6-2).

6-1-1 Checking the Pump Fluid Level of Both Vane Pumps

Under normal operating conditions the vane pumps use very Tittle pump
fluid. However, if you run the D4A backing pump with the gas ballast
valve open (see Section 7-6-2-3), the pump fluid consumption of the
backing pump increases.

The fluid Tevel should be in the middle to upper third of the sight
glass when the vane pump is not running. When the vane pump is
running, the fluid level should be visible in the sight glass under a
layer of bubbles. If the fluid level is in the lower third of the
sight glass, proceed as follows to add fluid to the roughing pump or
to the backing pump.

VALVE v4
HANDWHEEL

TOP
TEST
PORT

VALVE V5
HANDWHEEL

SIDE
TEST
PORT

OIL-FILL
PORT

D16A
ROUGHING
PUMP

OIL-LEVEL
SIGHT GLASS

OIL-DRAIN PORT
1F-8.9

Figure 6-1 - Leak Detector Showing the Roughing Pump, and Valve V4 and V5
Handwheels
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1. Refer to Section 4-6-3 to shutdown the ULTRATEST.

2. Using an 8-mm allen wrench, remove the allen-head plugscrew from
the 0il1-fill port in the top of the vane pump (see Figure 6-1 or
6-2).

3. Add HE-200 vacuum pump fluid (see Table 6-2) through th oil-fill
port until the fluid level is in the middle to upper third of
the sight glass while the ULTRATEST is turned off (see Figure
6-1 or 6-2).

4., Reinstall the plugscrew and the panels.

, ! 7 y LF
~ il b g J . CLAMP

DIFFUSION
PUMP
INLET

FORELINE

EXHAUST
PORT OF
THE
DIFFUSION
PUMP

HOT

BASE

OF THE
DIFFUSION
PUMP

GAS
BALLAST
VALVE

OIL-FILL
PORT

OIL-LEVEL
SIGHT GLASS

OIL-DRAIN PORT 1F-8.8A

Figure 6-2 - Backing Pump and Diffusion Pump Installed in the Leak Detector
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6-1-2

Checking the Cleanliness of the Pump Fluid

NOTE: The fluid in the roughing pump usually needs to be changed
more frequently than the fluid in the backing pump.

If the vane pump fluid has an unusual color or odor, is dark,
contains particles or flakes, or appears dirty or turbid, change
the pump fluid (see Section 6-2). As a general guide, if the pump
fluid Tooks Tike honey, it does not need to be changed; if it looks
Tike tea, you should probably change it; if it looks like coffee,
definitely change it. However, if your pump is exposed to acids,
the fluid may look good even though it is contaminated.

If the ULTRATEST is used under very dirty conditions requiring
frequent pump fluid changes, periodically change the internal vane
pump filter (Part No. 390 26 121 for the D4A and Part No. 390 26
117 for the D16A). Use LN, in the cold trap and where applicable
add a filter to the test port or a coaxial trap to the roughing
line to protect the ULTRATEST vacuum system from contamination.

6-2 CHANGING THE PUMP FLUID IN THE VANE PUMPS

The pump fluid in the roughing pump (see Section 6-2-1) generally needs
to be changed more frequently than the pump fluid in the backing pump
(see Section 6-2-2).

6-2-1
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Changing the Pump Fluid in the Roughing Pump

Change the pump fluid in the roughing pump as follows (see Figure
6-1).

1. If not already done, press the roughing pump pushbutton RP to
turn off the roughing pump (see Figure 4-1B).

2. Remove the lower panel from the left side of the leak detector.

3. Using an 8-mm allen wrench, remove the allen-head plugscrew from
the oi1-fi11 port in the top of the pump.

4. Place a container under the oil-drain port and remove the
allen-head plugscrew from the oil-drain port of the pump to drain
the fluid.

5. Use the RP pushbutton (see Figure 4-1B) to jog (switch ON

momentarily, and then switch off) the roughing pump several times
to drain the remainder of the used fluid.
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TABLE 6-2 - RECOMMENDED PUMP FLUIDS AND FILLING CAPACITIES

Pump Model Recommend Pump | Pump Fluid Catalog No. of
Fluid Capacity Recommended Fluid

180 L Diffusion Pump HE-300* Min: 30cc 98-198-055 98-198-056
Opt: 40cc for 50cc for 100cc
Max: 70cc

D4A Backing Pump HE-200* Min: 0.53 qt. 98-198-006 98-198-007
Max: 0.74 qt. for 1 qgt. for 1 gal.

D16A Roughing Pump+ HE-200* Min: 0.95 qt. 98-198-006 98-198-007
Max: 1.37 qt. for 1 qgt. for 1 qgal.

D8A Roughing Pump+ HE-200* Min: 0.75 qt. 98-198-006 98-198-007
Max: 1.2 qt. for 1 qt. for 1 gal,

N258 Roughing Pump+ HE-200% Min: 0.65 qt. | 98-198-006 | 98-198-007
Max: 1.15 qgt. for 1 qt for 1 gal.

* For standard applications

+ See the identification plate on the end of the roughing-pump oil casing to

determine the wodel of your roughing pump

(see Figure 6-1).

6. If the used pump fluid is very dirty, proceed as follows to flush
out the vane pump.

a. Reinstall the plugscrew into the oil-drain port.

b. Pour the HE-200 pump fluid into the 0i1-fi1l port until the
vane pump is filled to about one-half capacity (see Table ©6-
2).

¢. Reinstall the plugscrew into the oi1-fill port.

d. Press the RP pushbutton to start the roughing pump and allow
it to run for 5 minutes.

e. 1f necessary, repeat Step 1, and Steps 3 through 6 to drain
the pump and flush again,

7. Reinstall the plugscrew into the oil-drain port and fill the
vane pump to capacity with HE-200 pump fluid (see Table 6-2).

8. Reinstall the plugscrew into the 0i1-fill port, and reinstall
the panel.
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6-2-2 Changing the Pump Fluid in the Backing Pump

Change the pump fluid in the N4A backing pump as follows (see Figure
6-2).

1. Refer to Section 4-6-3 to shutdown the ULTRATEST.

2. After the backing pump shuts off, remove the lower panel from the
right side of the leak detector,

3. Do Steps 3 through 8 of Section 6-2-1 except use the ON/OFF
pushbutton to control the backing pump rather than the RP
pushbutton.

6-3 DIFFUSION PUMP MAINTENANCE

Diffusion pump fluid problems can be the result of pumping at too high
a pressure, air rushing into the diffusion pump, insufficient cooling,
contaminants in the high vacuum system, or from shutting down the leak
detector by pulling the plug.

If PIII and the leak-rate reading are unstable, first try adding pump
fluid to the diffusion pump (Section 6-3-1); if adding fluid does not
remedy the problem, then clean the pump and change the fluid (Section
6-3-2).

6-3-1 Adding Pump Fluid to the Diffusion Pump

Add pump fluid to the diffusion pump as follows:
1. Shutdown the ULTRATEST using the instructions in Section 4-6-3.
2, Remove both panels from the right side of the leak detector.

3. WARNING: DO NOT TOUCH THE DIFFUSION PUMP HEATER
UNTIL IT HAS COOLED DOWN.

Wait wuntil the diffusion pump heater cools before proceeding to
Step 4 (see Figure 6-2).

4. NOTE: Disconnecting the foreline will vent the diffusion pump.

Remove the KF clamp and slowly disconnect the foreline from the
exhaust port of the diffusion pump (see Figure 6-2).
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6-3-2

5. CAUTION: DO NOT USE SILICONE BASED PUMP FLUIDS.

Pour 10 cc of HE-300 pump fluid (see Table 6-2) into the exhaust
port of the diffusion pump (see Figure 6-2).

6. Reassemble the foreline to the exhaust port of the diffusion pump
and reinstall the side panels.

7. Start and calibrate the ULTRATEST using the instructions in
Section 4-2 and 4-3.

8. If the symptoms remain, it may be necessary to service the
diffusion pump (see Section 6-3-2).

Cleaning the Diffusion Pump and Changing the Pump Fluid

NOTE: Decomposition of pump fluid can result from inrushes of air,
insufficient cooling, contaminants (see Section 8-2-4),
excessive exposure of hot diffusion pump fluid to atmospheric
sressure, or from shutting down the leak detector by pulling
the plug.

proceed as follows to remove, disassemble, clean, assemble, and add
clean pump fluid to the diffusion pump.

1. Do Steps 1 through 4 of Section 6-3-1.
2. Remove the diffusion pump as follows:

a. Depress the clips and unplug diffusion-pump plug "H" from the
back of the EL module (see Figure 8-18).

b. Unplug the ULTRATEST from the wall outlet or power source,

c. Using a 17mm wrench, loosen and remove the four LF clamps from
the diffusion pump inlet (see Figure 6-2).

d. Remove the diffusion pump from the leak detector.

e. Use compressed air to blow any dirt off of the exterior
cooling fins and the fan of the diffusion pump.

3. Disassemble the diffusion pump as follows (see Figure 6-3).

(1) Remove the orifice plate (baffle) from the top of the pump.
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Section 6-3-2, Step 3 continued

44

(2) WARNING: DO NOT TOUCH THE JET ASSEMBLY UNTIL IT HAS COOLED.

Pull up the jet assembly far enough to allow the pump fluid
to drain into the pump housing before removing the assembly
from the pump housing.

(3) NOTE: Normally the diffusion pump fluid can be reused unless
it Tooks or smells bad.

Pour the used pump fluid out of the pump housing.

. CAUTION: DO NOT WUSE FREON OR HALOGEN SOLVENTS TO CLEAN THE

DIFFUSION PUMP,

CAUTION: DO NOT CRUSH OR BEND THE MATING EDGES OF EACH SEGMENT ON
THE JET STACK.

NOTE: Cracking of the pump fluid results is brown stains on the
jet assembly. If the stains are light and are on the
bottom half of the jet assembly, they have little effect
on the operation of the pump. If the stains are dark and
are on the upper portion of the jet assembly, they cause
the leak rate reading to be unstable. Exposing the
diffusion pump to atmospheric pressure results in stains
on the top portion of the jet assembly.

Proceed as follows to clean the diffusion pump.

a. CAUTION: BE VERY CAREFUL WITH THE JET ASSEMBLY PARTS; THEY ARE
ALUMINUM AND BEND OUT OF SHAPE EASILY.

Unscrew the small hex nut from the bottom of the center rod to
disassemble the jet assembly (Part No. 410-11-410).

b. Thoroughly clean the jet assembly and pumping chamber with

acetone or trichloroethylene.

c. If deposits are baked onto the diffusion pump, remove them
with fine grained detergents and Scotch Brite or emery.,
Deposits will affect the heat transfer characteristics of the
pump. ' '

d. CAUTION: DO NOT HANDLE THE JET ASSEMBLY WITH BARE HANDS AFTER
CLEANING,

Rinse the jet assembly and pumping chamber with methanol and
then dry with warm air.



BAFFLE

190°C THERMAL 90°C THERMAL
SWITCH SWITCH

TOP JET FOUR-STAGE CENTER ROD
JET ASSEMBLY

Figure 6-3 - Disassembled Diffusion Pump

1F-7.3

5. Reassemble and install the diffusion pump as follows:

a.

CAUTION: DO NOT TURN THE JET ATTACHED TO THE TOP OF THE CENTER
ROD TO TIGHTEN THE JET ASSEMBLY. IF YOU TIGHTEN THE
JET ASSEMBLY IN THIS MANNER, YOU COULD TWIST THE TOP
OF THE JET OFF OF THE CENTER ROD.

Reassemble the jet assembly ensuring that the parts are seated
concentrically, and that there are no gaps between the stages;
tighten the small hex nut and washers onto the bottom of the
center rod (see Figure 6-3).

. Pour 50 c¢c of clear, clean HE-300 pump fluid into the top of

the pumping chamber.

. Place the jet assembly into the pumping chamber ensuring that

it is firmly and correctly positioned. A1l pieces of the Jet
assembly must be straight and the assembly must sit
perpendicular to the bottom of the pumping chamber.
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Secti

6-4

on 6-3-2, Step 5 continued

d. Ensure that the baffle, 0-ring, and difffusion pump inlet are
clean and then place the baffle onto the diffusion pump inlet
flange so that the convex side faces up (see Figure 6-3).

e. Look through the hole in the baffle to ensure that the jet
stack is centered in the diffusion pump housing and is not
tilted to one side.

f. Open the gas ballast valve on the backing pump (see Section
7-6-2-3 and Figure 6-2).

g. Reinstall the diffusion pump into the Tleak detector (see
Figure 6-2). Be sure to gradually tighten the LF clamps
crosswise so that the 0-ring is sealed evenly.

h. Plug the 1leak detector into a suitable electrical outlet and
use Section 4-2 to start the ULTRATEST.

i. After running the leak detector for about 1/2 hour to remove
any residual solvents from the diffusion pump, close the gas
ballast valve on the backing pump and reinstall the panels
onto the leak detector.

J. Use Section 4-3 to recalibrate the ULTRATEST.

COLD TRAP MAINTENANCE

Contaminants adhere to the cold inner wall of the cold trap when it
contains LN,. If the cold trap is always filled with LN,, the 1layers
of contamifants will build up until they insulate the“cold trap and
cause thawing and release of contaminants. This release of
contaminants can cause the pressure or background leak rate in the
Teak detector to be unacceptable. See Section 6-4-1 to prevent the
build-up of contaminants and Section 6-4-2 and 6-4-3 to remove
contaminant build-up.

6-4-1 Recommended Operation
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See Item (10) of Section 4-5 for the method of operation we
recommend to prevent buildup of contaminants on the cold trap.



6-4-2

6-4-3

Defrosting the Cold Trap

The easiest way to remove the contaminants from the cold trap is as
follows:

1. Tap the VENT pushbutton (see Figure 6-5).

2. Shut the valve V5 handwheel (see Figure 6-1).

3. Ensure that the valve V4 handwheel is open (see Figure 6-1).
4. Press the RP pushbutton to turn off the roughing pump.

5. Allow all the LN2 to boil out of the cold trap while the high

vacuum pumping systém is operating.
If you do not have time to wait for all the LN, to boil off or if

pressure PIII and the background remain high after following the
above procedure, refer to Section 6-4-3 to clean the cold trap.

Removing and Cleaning the Cold Trap

WARNING: FAILURE TO USE EXTREME CARE WHEN HANDLING THE COLD TRAP AND

POURING LN2 COULD RESULT IN FROSTBITE.

NOTE: Ensure that you have a new gasket on hand before removing the
cold trap (see Section 8-9-2).

1. Ensure that there is a good vacuum in the mass spectrometer
(PIII), turn off the emission, shut valve V5, and then shut valve
V4 (see Section 4-1).

2. Press the ON/OFF pushbutton to shutdown the ULTRATEST (see Figure
6-5).

3. CAUTION: DO NOT NICK OR DENT THE COLD TRAP.

NOTE: When the cold trap is sealed with a metal seal, it will
vent itself when the screws are loosened. If the metal seal
has been replaced with an 0-ring, you must vent the cold
trap or the vacuum will prevent you from pulling it out of
the leak detector. See Appendix C for information on the
cold trap rough/vent modification.

Remove the allen-head cap screws and carefully pull the cold trap
out of the top of the leak detector (see Figure 6-1).

4. Carefully empty the remaining LN2 from the cold trap.

5. If necessary, carefully defrost the cold trap with a heat gun or
hot water.
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6-5

6-5-1
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6. CAUTION: DO NOT USE HALOGENS OR FREON TO CLEAN THE COLD TRAP.

Clean the cold trap with acetone and then rinse with methanol.
Also clean everything you can reach inside the cold trap housing
in the top of the leak detector.

7. Dry the cold trap thoroughly with a heat gun.
8. NOTE: If you clean the cold trap frequently, you can replace the
metal seal with a VITON O-ring (Part No. 239-70-404). An

0-ring is not as vacuum tight as a metal seal, but it
can be reused (see Appendix C).

CAUTION: DO NOT CLEAN THE METAL GASKET CHEMICALLY.

Using fine steel wool, carefully remove the oxide film from the

new metal gasket, rinse with methanol to remove oil or dust, and

substitute the new gasket for the used one (see Section 8-9-2).
9. Reinstall the cold trap (see Section 8-9-2).

10. Press the ON/OFF pushbutton to start-up the ULTRATEST (see Figure
6-5).

11. Partially open valve V4, wait for a minute, and then fully open
the valve (see Figure 6-1).

ION SOURCE

The 1ion source has two cathodes that are selectively operated. Use
Section 6-5-1 to determine if the cathode being used needs to be
changed; if necessary, use Section 6-5-2 to switch the cathodes. If
both cathodes are bad, use Section 6-5-3 to install a new ion source.

Determining If The Ion Source Should Be Changed

If during operation, the EMISSION LEDs ggzout while the EMISSION "1"
button is ON and PII is less than 10 mbar, adjust the EMISSION
potentiometer and check if the EMISSION LEDs light. If they 1light,
it means that the ion source is getting weak and needs to be changed
(see Section 6-5-2); if the LEDs do not light when you adjust the
potentiometer, it means that relay 252 (Part No. 590-22-252) on the
LP2 board is bad (see Figure F-LP2).

Many times the EMISSION LEDs stay 1it even though the fon source is
bad. If the sensitivity of the ULTRATEST to helium is
deteriorating, check the ion source as follows:



1.

Proceed as follows to check the IE range (see Section 4-1-2).
a. Set the range switch to IE.

b. While watching the meter, turn the EMISSION potentiometer
fully clockwise and then fully counterclockwise. The normal
meter reading for a good ion source ranges from 0.5 to 5 as
you turn the potentiometer.

c. If the maximum I_. reading is much less than 5, the ion source
is beginning to déteriorate and you should be sure to have a
spare ion source on hand.

2. Proceed as follows to check the calibrated IE reading:

a. Use Section 4-3 to calibrate the ULTRATEST.

b. Set the range switch to IE‘ The optimal calibrated IE
reading is between 0.5 and 1.2.

c. If the 1 reading 1is greater than 1.2, the ion source is
starting tg deteriorate and you should order a spare. If the
reading is greater than 1.5, switch the cathodes or change
the ion source,

6-5-2 Switching the Ion Source Cathodes

Proceed as follows to switch the cathodes:

1.
2.

Remove the panels from the left side of the leak detector.

Disconnect the ion source plug IQ, turn it 1800, and firmly
reinsert it (see Figure 6-4).

. Switch ON the emission (see Figure 4-3). The emission control

may cut out again because of degassing the new filament. If so,
switch it ON again.

. If the EMISSION LED lights, use Section 4-3 to recalibrate the

ULTRATEST.

If the emission continues to cut out after several tries at

switching it ON, it means that both cathodes are bad. When both

cathodes are bad, use Section 6-5-3 to replace the ion source,
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Figure 6-4 - Turning the Ion Source Plug to Switch the Cathodes

6-5-3 Installing the New Ion Source

NOTE: Before replacing the ion source, ensue that a new ion source
(Part No. 165 13) and a new metal gasket (see Section 8-9-2)
are available.

CAUTION: DO NOT STRAIGHTEN BENT CATHODES ON THE ION SOURCE. THE
CATHODE WAS INTENTIONALLY BENT AS PART OF THE FACTORY
ALIGNMENT PROCEDURE.

NOTE: You can install a new ion source while the ULTRATEST is ON.

Proceed as follows to install a new ion source.

1. Tap the VENT pushbutton to close valves V1 and V2 (see Figure
6-5}).

2. Turn off the EMISSION (see Figure 6-5).
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10.

11.

12.

13.

14.

15.

. Shut the valve V5 handwheel (see Figure 6-1).

Remove the panels from the left side of the leak detector.

. Unplug the ion source plug IQ (see Figure 6-4).

. Remove the brass plug for the U2 voltage lead from the collector

to allow you more room to work (see Figure 6-4).

- Remove the four allen-head cap screws attaching the ion-source

flange to the mass spectrometer (see Figure 6-4).

. Screw one of the allen-head cap screws into the jack screw hole

in the ion source flange to remove the old ion source (see Figure
6-4).

CAUTION: DO NOT USE SOLVENTS TO REMOVE THE OXIDE COAT FROM THE
METAL GASKET.

NOTE: If the metal gasket (P/N 235-51-133) is not available, you
can use an 0-ring (P/N 704-01-921) to seal the ion source.
However, using an 0-ring will increase the background leak
rate and decrease sensitivity of the ULTRATEST.

Discard the old metal gasket, polish the new metal gasket with
fine steel wool or fine Scotch Brite, and rinse with methanol to
remove any oil or dust (see Section 8-9-2).

CAUTION: DO NOT SCRATCH THE FLANGE SURFACE (see Section 8-9-2).

CAUTION: DO NOT TOUCH THE VACUUM AREA OF THE ION SOURCE WITH YOUR
BARE HANDS; A FINGERPRINT CAN CAUSE PROBLEMS. ALWAYS
HANDLE THE ION SOURCE BY ITS FLANGE.

Using a new metal gasket, place the new ion source into the mass
spectrometer (see Figure 6-4); install the cap screws
finger-tight, then make 5 to 10 rounds to tighten them
sequentially around the flange (see Section 8-9-2).

Plug the 1ion source plug IQ firmly onto the pins of the ion
source (see Figure 6-4) and reconnect the brass plug for the U2
lead to the collector.

Reinstall the side panel.

Slowly open vlave V5, monitor PII until it drops to 10_3, and
switch ON the emission (see Figure 6-5). The emission control
may cut out again because of degassing the filament. If so,
switch it ON again,

Leak check the ion source flange.

Use Section 4-3 to recalibrate the ULTRATEST.
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6-6 DRAINING THE CONTROL VACUUM RESERVOIR

A slight pump fluid mist from the gas ballast valve of the roughing
pump sometimes collects in the control vacuum reservoir. If the
control vacuum reservoir fills with pump fluid, valves V1 and V2 will
not open properly.

Under normal operating conditions, drain the pump fluid from the
vacuum reservoir once every 2000 operating hours. If the leak
detector 1is cycled frequently from high to low pressures, the vacuum
reservoir must be drained more frequently.

Drain the pump fluid from the control vacuum reservoir as follows (see
Figure 6-5).

1. Press the RP pushbutton to shutdown the roughing pump.

2. Remove the Tower gray front panel from the leak detector.

EMISSION
ON {1) AND
OFF (0)

PUSHBUTTONS

ON/OFF ' m
PUSHBUTTONS Rl rmascaase

ROUGHING
PUMP (RP)
PUSHBUTTON

VENT
PUSHBUTTON

CONTROL
VACUUM
RESERVOIR

1F-9.17A

DRAIN PLUG

Figure 6-5 - Front View of Leak Detector Showing the Control Vacuum
Reservoir

52



Date

. Unscrew and remove one of the nuts that secure the legs of the

vacuum reservoir to the frame of the leak detector.

. Swing the vacuum reservoir out from the leak detector so that

you have easy access to the drain plug on the bottom of the
vacuum reservoir.

. Remove the drain plug from the bottom of the vacuum reservoir

and allow any pump fluid to drain into a suitable container.

. Reassemble the 1leak detector.

MAINTENANCE RECORD

Maintenance
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SECTION 7

DETAILED DESCRIPTION
AND
PRINCIPLES OF OPERATION

Thgllpurpose of the ULTRATEST is to find and quantify leaks as small as 2 x
10 atm.cc/sec. See Section 3 for a brief description and the
specifications for the ULTRATEST. See Appendix A for information on the
optional QUICK-TEST.

7-1 OVERVIEW

The ULTRATEST F consists of the leak detector and an FB module. The FB
module attaches magnetically to the top of the leak detector (see
Figure 6-5). The FB module contains all the measuring and control
elements for operating the leak detector. The leak detector includes
the mass spectrometer, the electronics that  support the mass
spectrometer and automatic valves, and the vacyum system including
pumps, valves, and the cold trap (see Figure 7-1, 7-2, and 7-3).

The roughing pump in the leak detector evacates the test object until
gauge PI reads 1 mbar; then valve V2 slowly opens to allow part of the
gas coming from the test object to enter the high,vacuum system (see
Figure 7-2 and 7-3). Whgg gauge PII reaches 3 x 10 mbar and gauge
PIIT is below 2 x 10 mbar, valve V2 opens fully and then valve V1
closes. With v2 fully open and V1 closed, all of the gas coming from
the test object goes into the high vacuum system.

The gas enters the cold trap where condensable vapors condense and
adhere to the cold inner walls. The noncondensable gas entering the
mass spectrometer ijs separated according to mass; only the helium 4
molecules strike the collector. A signal proportional to the number of
helium molecules striking the collector causes a deflection of the
meter needle and an audible sound in the FB module. The high vacuum
pumping system maintains the required vacuum in the mass spectrometer
um so that is does not accumulate and cause a false
Teak reading. The pressure readings from gauges PII and PIII show the
préssure in the mass spectrometer. The valves (V4 and V5) protect the
mass spectrometer. Valves V4 and V5 protect the mass spectroveter from
contamination when the ULTRATEST is not being used to leak check, and
allow maintenance without totally shutting down the leak detector. The
MS module contains the electronics that support the mass spectrometer
(see Figure 7-18).

Sections 7-2 through 7-9 describe each ma jor component and explain its
function.
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Figure 7-1B - Right Side of the Leak Detector with the Panels Removed
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Backing pump 7 Mass spectrometer (P (1) 12 Venting vaive V 3

Diffusion pump 8 Inletvalve V 2 13 Control vacuum reservoir

Handwheel valve V 4 9 Control valves SV 1 and SV 2 14 Helium calibrated leak

LN2 cold trap 10 Roughing valve V 1 (valves V 2 and V 1 in one 15  Connecting port, e.g. for calibrated laak
Handwheel valve V 5 block assembly) 16 Control vacuum PVC tubing

THERMOVAC TR 201 gauge head (P11} 11 Inlet test ports - NW 40 KF 17 Roughing pump
18 THERMOVAC TR 201 gauge head (P §)

1-2

Figure 7-2 - Operation Flow Diagram for the ULTRATEST F

ROUGHING PUMP (see Figure 7-1A and 7-3)

The roughing pump reduces the pressure in the test object. It is a
dual stage vane pump. Most ULTRATEST F's have a DI6A roughing pump
which has a displacement of 14.1 CFM. The ULTRATEST F can also be
ordered with TRIVAC roughing pumps ranging from 7 to 27 CFM
displacement (see Table 3-1).

A rotor 1is mounted eccentrically in the vane pump stator housing so
that there is a crescent-shaped pumping chamber between the rotor and
the stator housing (see Figure 7-3). The pumping chamber is divided
by three vanes that fit into slots in the rotor. The vanes are drawn
out against the inner wall of the stator housing by centrifugal force
as the rotor rotates. A thin film of pump fluid seals the clearance
between the vanes and the stator housing,

One pumping cycle proceeds as follows (see Figure 7-3).

1. Gas is drawn into an increasingly large vacuum-tight chamber in the
vane pump,

2. The rotation increases the size of the chamber until it is sealed
off by a second vane.
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3. Further rotation decreases the chamber size and compresses the gas.

4, The gas 1is forced out through an opening in the center plate and
into the second stage of the pumping chamber.

5. The gas 1is compressed to atmospheric pressure in the second stage
and forced out through the pump exhaust valve.

The gas ballast valve (see Section 7-6-2-3) is not adjustable on the
roughing pump because it is used to provide the vacuum to operate
valves V, and V, (see Section 7-3).

See the manual in the back of this binder for detailed information on
the TRIVAC vane pumps.

7-3 VALVE BLOCK

The valve block includes valves V1 and V2, two KF40 test ports, and
three KF10 ports (see Figures 7-1A and 7-4). The PI pressure gauge
attaches to one of the KF10 ports; the venting valve V3 attaches to
another KF10 port; and the third KF10 port is for permanently attaching
a calibrated leak.

The valve block is made of aluminum; both valves V1 and V2 have
stainless steel bellows-sealed stems.

7-3-1 Valves V1 and V2

Roughing valve V1 is located between the test ports and the roughing
pump (see Figure 7-2). When the PUMP pushbutton is pressed, V1
opens immediately allowing the roughing pump to evacuate the test
object.

Inlet valve V2 is located between the test ports and the high vacuum
system, When V2 is open, it allows gas from the test object to
enter the high vacuum system where its helium content is measured
(see Section 7-6).

Vi and V2 are vacuum actuated valves which are closed by springs
when not commanded open. The vacuum to operate both valves comes
from the gas ballast valve of the roughing pump. PVC tubing
connects the gas ballast valve to a control vacuum reservoir (see
Figures 7-1A and 7-3). The control vacuum reservoir prevents surges
and collects any oil mist coming from the gas ballast valve of the
roughing pump. PVC tubing leading from the control vacuum reservoir
splits at a Tee. One branch of the Tee leads to the control valve
(SV1) for valve V1; the other branch leads to the control valve
(SV2) for valve V2 (see Figures 7-3 and 7-4). Both control valves
(SV1 and SV2) open when you press the "PUMP" pushbutton, and close
when you press the "VENT" pushbutton (see Sections 7-8-4 and 7-8-5).
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CONTROL VALVE SV1

VALVE V1

VALVE BLOCK

KF 10
PORT
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CALIBRATED

LEAK ]

KF 40
TEST
PORTS

VALVE V2

Pl GAUGE

el §

.....

CONTROL
VALVE
Sv2

CAM FOR VALVE V2

Figure 7-4 - Top of the Leak Detector Showing the Valve Block

When control valve SV1 opens, the chamber above the valve V1 piston
is evacuated through the PVC tubing (see Figure 7-3). The vacuum in
this chamber pulls the valve V1 piston and holds it in the open
position. Valve V1 remains open until control valve SV1 shuts and
vents the chamber above the piston. The piston springs shut when the
chamber above it is vented.

Valve V1 opens immediately when control valve SV1 opens. Valve V2
and control valve SV2 would work the same way except that V2 is held
closed by a cam. When control valve SV2 is open and there is vacuum
in the chamber above the V2 piston, the piston can not open 1if the
cam is all the way down. If the cam is halfway down, V2 will open
halfway etc. The position of the cam is determined by a control motor
which is in turn controlled by pressure gauges PI and PIII (see
Figures 7-1A and 7-3). If the EMISSION is off, the PIII signal will
be missing, and thus control valve SV2 will not open. The 1loss of
power to SV2 immediately closes valve V2. See Section 7-8-4 for an
explanation of how PI, PIII, V2, and the controls interact.

See Appendicies C and D for information on valve operation for leak

detectors that have the cold trap vent or manual gross leak bypass
modifications.

59



7-4 PRESSURE GAUGE PI
Gauge PI measures the pressure in the test port (see Figure 7-3).

PI and PII (see Section 7-6-1-4) are THERMOVAC® TR201 gauges that
measure pressure from 1,000 to 10-3 mbar.

7-5 VENT VALVE V3

Valve V3 is a solenoid valve that vents the test object to atmospheric
pressure when the VENT pushbutton is held down for 1.5 seconds (see
Figures 7-1A and 7-3). V3 remains open until you press the PUMP
pushbutton. Pressing the PUMP pushbutton immediately closes the vent
valve unless the vent button is held down.

7-6 MASS SPECTROMETER AND HIGH VACUUM PUMPING SYSTEM

7-6-1 Mass Spectrometer with Ion Source, Collector, Preamp,
Valve V5, and Gauges PII and PIII

The neutral gas molecules in the mass spectrometer (see Figure 7-5)
are bombarded with electrons from the cathode (b) to form positive
ions, The path of each ion through the magnetic field (g) and then
through the electostatic field depends on its mass/charge ratio (see
Figure 7-5).  The slot in the intermediate slit (f) and the opening
in the electrostatic deflection plates (i) are positioned so that
only singularly ionized molecules with mass 4 (helium) are deflected
through to the ion collector (k) (see Figure 7-5). Lighter and
heavier ions collide with the intermediate slit (f) or with the walls
of the mass spectrometer.

7-6-1-1 Ion source - The ion source has two cathodes (b) (see Figure 7-1A
and 7-5). Because of their thoria coating, these iridium filaments
(b) operate at a much lower temperature than tungsten filaments,
improving their resistance to embrittlement, oxXygen, water vapor,
and hydrocarbons. However, in the presence of halogens (chlorine,
bromine, iodine, and fluorine) and halogenated hydrocarbons (Freon,
Frigen, Kaltron, etc.) the thoria coat wears off and causes a loss
of emission current. See Section 6-5-1 to determine if the 1ion
source needs to be changed. If one of the cathodes (b) is
malfunctioning, disconnect the ion-source plug IQ, turn it 180",
and reinsert it to use the other cathode (b) (see Section 6-5-2).

The original ion source is guaranteed against burnout during the
first year of operation.

THERMOVAC is a registered trademark of Leybold-Heraeus.
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a —lon-Source Flange g — 180° Magnetic Deflection Field

b —Cathodes (thoriated iridium) h —inlet Slit to 90° Electrostatic Field
¢ —Anode (heated) i —Electrostatic Deflection Plates
d —Ground Shield k —lon Collector
e — Extractor Plate and lon Collector for | —Ground Slit
Pressure Measurement (Plll) m—lon Collector Flange

f —iIntermediate Slit

Figure 7-5 - Diagram of the Mass Spectrometer

7-6-1-2 Ion Collector and Preamplifier - The deflection plates (i)/ion
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collector (k) assembly is flange-mounted (m) onto the mass
spectrometer (see Figure 7-1A and 7-5). The positive helium ions
striking the ion collector (k) cause it to have a positive charge.
Negative electrons flowing toward this positive-charge collector
(k) constitute a minute current. This current is proportional to
the number of positive ions striking the collector (k). The
current is amplified in the preamplifier and the signal appears on
the meter as the leak rate (see Section 4-1-2).

- Revised 5/85 -
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7-6-1-3

7-6-1-4

7-6-2

The changeover switch on the preamplifier allows for quantitative
measurement of larger leaks. Turning the changeover switch reduces
the sensitivity of the preamplifier _gy a factor of 100 which
extends the effective range to 1 x 10 atm.cc/sec. The digital
display for the leak-rate meter is automatically corrected.

Isolation Valve V. - V5 is a manually-operated bellows-sealed valve
used to isolate é%e mass spectrometer from the rest of the system
(see Figure 7-1A and 7-3). Shut V5 when cleaning the cold trap and
before shutting down the system to hold the vacuum in the mass
spectrometer and to prevent contamination and loss of sensitivity.
Shutting V5 also allows you to install a new ion source during
operation.

During start-up and shut-down, V5 should always be the last valve
you open, and the first you close. See Section 7-6-2-4 for
information on valve V4,

Pressure Gauges PII and PIII - There are two gauges that measure
the total pressure in the ,mass spectrometer. PII measures the
pressurg3from Léﬂﬂ) to 10 © mbar, and PIII measures the pressure
from 10 to 10 ~ mbar.

When valve V4 or V5 is closed, the pressures indicated by PII will
not decrease because PII is measuring the pressure in the mass
spectrometer which is not being pumped.

PII 1is attached directly to the mass spectrometer. It is a
Leybold-Heraeus THERMOVAC TR201 (see Figures 7-1A and 7-3).

If the pressure in the mass spectrometer 1is high, the 1large
quantity of ions produced will interfere with each other and hinder
the separation of ions according to the mass/charge ratio. For
this reason PII is interlocked with the emission and wé]l not allow
ion production until the pressure PII is less than 10 © mbar. This

PII/emission interlock also protects the ion source from burning
out.

PIIT is an ionization gauge. It is operational only when the ion
source (emission) is turned ON. It measures the current at the
extractor plate (e) in the ion source (see Figure 7-5). PIII is
used to control the opening of valve V2 during the valve transfer
process.

High Vacuum System

The mass spectrometer maximum operation pressure is 2 «x 10_4 mbar
To get the best sensitivity, the pressure should be below 5 x 10
mbar.

5
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7-6-2-1
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The high vacuum system meets the operating pressure requirements of
the mass spectrometer and removes helium from the mass spectrometer
so that it does not accumulate and give inaccurate leak readings.
This pumping system can also be used to remove contaminants (see
Section 8-2-4-3).

The high vacuum system consists of a cold trap, and a LEYBODIFF
180L four-stage stainless steel diffusion pump backed by a TRIVAC
D4A vane pump (see Figures 7-18 and 7-3). When the cold trap
contains liquid nitrogen, it removes contaminants and improves the
pumping speed and ultimate pressure of the system.

The ultimate pressure of the backing pump is 3 x 10 4 mbar, thus it
must be used with a diffusion pump to meet the optimal operating
pressure of the masgqspectrometer. The ultimate pressure of the
diffusion pump is 10 ' mbar but is must be backed by a vane pump
because diffusion pumps are unable to compress gas sufficiently to
discharge it against atmospheric pressure.

During start-up, first the backing pump starts and power is applied
to the diffusion pump heater. Shortly after the diffusion pump
reaches 190C, the high vacuum pumping system is ready for operation
as indicated by PIII. It generally takes 20 to 30 minutes for the
high vacuum pumping system to warm up.

Cold Trap

When the cold trap contains liquid nitrogen (LN,), it has high
pumping speed for condensable vapors and improvés the ultimate
pressure by removing the partial pressure of water vapor (see
Figures 7-1A and 7-3). Its main purpose, however, 1is to prevent
contaminants, oil, and water vapors from entering the mass
spectrometer. See Section 8-2-4-1 for information on the problems
caused by contamination.

The cold trap consists of an inner housing and an outer housing.
The inner housing can be easily removed for cleaning (see Section
6-4-3). To make the cold trap operational, pour (LN ) into the
trap's inner housing through the filler port (see Secgion 4-2 and
Figure 4-1A). The trap holds 2.4 quarts of LN2 which Tlasts
approximately 20 hours.

When the cold trap contains LN,, unwanted vapors entering the trap
condense on and adhere to the Cold wall of the inner housing. The
unwanted vapors either enter the cold trap through the test port or
migrate from the diffusion pump (see Figure 7-3).

If you allow all of the LN, to evaporate, the contaminants on the
inner housing wall will th%w and be released. See Sections 4-2,
4-6, and 6-4 for the correct filling, shutdown, and cleaning
precedures for the cold trap.

Generally, LN, is not added to the cold trap if you are using the
optional QUIC%-TEST (see Appendix A).



7-6-2-2

7-6-2-3

LEYBODIFF 180L Diffusion Pump

The LEYBODIFF 180L is an air cooled four-stage diffusion pump with
a pumping speed of 180 liters/second ( see Figure 7-1B and 7-3).

An orifice baffle plate on the diffusion pump inlet reduces the
pumping speed to increase the sensitivity of the leak detector.

Careful design of the jets and the baffle reduces backstreaming of
pump fluid vapors to a negligible level (see Figure 7-3).
Backstreaming and pump fluid deterioration is also minimized by
using HE-300 po1yphggo] diffusion pump fluid. HE-300 has a vapor
pressure of 5 x 10 ~ Torr at 100C and is oxidation resistant.

The heater at the base of the diffusion pump heats the pump fluid
causing vapors to rise through the center of the jet stack (see
Figure 7-3). At each stack segment opening, jets deflect the pump
fluid vapor outward and downward toward the outside wall. The oil
condenses on the air-cooled outside wall and drains down to the o011
reservoir, The pumping action occurs when gas entering the top of
the diffusion pump is compressed by collisions with the pump fluid
molecules and is driven toward the base of the pump.

TRIVAC D4A Backing Pump

The TRIVAC D4A is a dual-stage direct-drive vane pump (see Figures
7-1B and 7-3). The TRIVAC wuses HE-200 pump fluid which is a
double-distiiled hydrocarbon fluid that is resistant to
contaminants. See Section 7-2 for an explanation of the operating
principles of TRIVAC vane pumps; see the manual in the back of this
binder for detailed information of the TRIVAC vane pumps.

The TRIVAC D4A backing pump has a gas ballast valve (see Figures
7-1B and 7-3). When the valve is opened, it allows a controlled
amount of air into the second stage pumping chamber just before the
exhaust valve. (The gas ballast valve is inoperative on the TRIVAC
roughing pump (see Section 7-2)).

An open gas ballast valve increases the operating temperature of
the pump which vaporizes any 1liquid contaminants from the pump

fluid. Unwanted vapors are removed from the backing pump because
an open gas ballast valve forces the exhaust valve to open before
the wvapors condense. However, running the backing pump with the

gas ballast valve open also results in high pressures and higher
pump fluid consumption.

The gas ballast valve should be opened if you suspect the pump
fluid in the vane pump is contaminated or if the leak detector s
exposed to high levels of water vapors or other contaminants (see
Section 8-2-4-3),

To open the gas ballast valve, turn the black plastic cap until one
of the holes on the side of the cap is aligned with the hole in the
side of the metal cylinder,
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7-6-2-4 Diffusion Pump Valve V4

V4 is a manually operated valve used to isolate the diffusion and
backing pumps from the rest of the leak detector (see Figure 7-1B
and 7-3). Partially closing V4 throttles the pumping speed and
thus increases the sensitivity and the response time of the
ULTRATEST. Shut V4 when removing the cold trap for cleaning, and
before shutting down the system to hold vacuum in the cold trap.
When the cold trap is at atmospheric pressure, always open valve V4
slightly until you hear the first inrush of air; then wait for a
few minutes before fully opening the valve.

See Section 7-6-1-3 for information on valve V5,

7-7 FB REMOTE CONTROL MODULE

The FB module has all the measuring and control elements required for
operating the leak detector (see Figure 7-6). See Table 8-2 for a list
of PC boards and Section 8-13 for instructions for replacing the
boards or the FB module. See Appendix E if your ULTRATEST is the US
autoranging version,

The FB module can be removed from the leak detector. With an optional
extension cord (30 meter maximum length), you can easily carry the FB
module with you when you are leak checking.

See Section 4-1-2 for a description of how the controls and meter on
the front panel of the FB module are used to read the pressure,
emission current, and leak rate (see Figure 7-6).

The following describes each control on the front panel of the FB
module,

7-7-1 "EMISSION" Pushbutton

Press the "1" pushbutton to turn ON the emission and the "0" button
to turn it OFF (see Figure 7-6). The "EMISSION" and "KATODE" LEDs on
the MS module 1ight when the emission is ON and functioning. See
Section 6-5-1 to determine if the ion source needs to be changed.

The emission can not be switched ON unless the total pressure
measured at PII is below 1 x 10 © mbar and the diffugion pump has
reached its operating temperature (see "DIFF 190°c" LED). The
emission switches off if one of these conditions is not met; it must
be manually switched ON again.

The emission should be ON only when valve V5 is open. If the

emission is ON and valve V5 is closed, the pressure in the mass
spectrometer will rise and automatically shut off the emission.
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Figure 7-6 - FB Module Front Controls

7-7-2 Mechanical Meter Adjustment

After the FB module has been shipped or if it has been Jarred, check
the mechanical meter adjustment (see Figure 7-6). With the ULTRATEST
turned off, turn the screw until the needle is on "0".

7-7-3 "ZERO" Rotary Knob

This knob s wused for zero adjustment of the amplifier (see Figure
7-6). To zero the amplifier 1) Tap the VENT pushbutton, 2) switch
off the emission (see Figure 7-6 )}, 3) close the calibrated leak,
(see Figure 2-2), 4) turn the range switch to the "1" 1Jeak-rate
position (see Figure 7-6), and 5) turn the "Zero" knob until the red
0 to 10 scale reads 0,

If you are wusing the optional QUICK-TEST, the meter should read
approximately 5 to 20% of full scale on the most sensitive range when
you switch on the emission due to the naturally occurring helium in
the _gir. If the meter reading with the QUICK-TEST is greater than 9
x 10 7, it means a) that the calibrated leak is open, b) that the
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mass spectrometer 1is contaminated or contains some residual gas, or
¢) that the area around the probe tip has a higher than normal helium
content. You can compensate for moderate background readings by
using this rotary knob to zero the meter while the EMISSION is ON and
the calibrated 1leak is closed. See Section 8-2 for additional
information on helium background.

"VOLUME" Control

This rotary knob controls the volume of the audible leak signal (see
Figure 7-6). The larger the meter deflection, the higher is the pitch
of the audible signal. The audibility threshold is at 10% of
fullscale meter deflection. If you wish to silence the signal, turn
it a1l the way counterclockwise.

PUMP and VENT Pushbuttons

The PUMP and VENT buttons on the FB module can be used instead of the
corresponding pushbuttons on the leak detector (see Figures 7-6 and
7-7).

See Sections 7-8-4 and 7-8-5 for a description of the function of
these pushbuttons.

"READY" Pilot Lamp

The orange "READY" lamp lights to indicate that the "ULTRATEST" is
ready for leak checking the test object (see Figure 7-6). The READY
lamp lights with a steady glow only if the inlet valve V2 is fully
open. If the READY lamp is flashing, it means that roughing valve V1
is fully open and inlet valve V2 is partially open. You can leak
check at reduced sensitivity when the READY lamp is flashing because
part of the gas from the test object is entering the mass
spectrometer. When the READY lamp is not 1it it means that valve V2
is closed.

Rear of FB Module (see Figure 2-1)

1 6-pin Recorder Piug Bu

This plug provides outputs in parallel with the leak-rate meter.
The outputs are detailed in Table 3-1 and in Section 2-2, Step 7.
In addition, momentarily shorting pins Z_Qnd 4 will turn ON the
emission if pressure PII is less than 1 x 10 =,



7-7-7-2 Terminal Block, Potentiometers, and LEDs for Trigger 1 and 2 Relay

Outputs

The rectangular terminal block provides access to the Trigger 1 and
Trigger 2 relays. The potentiometers are used to set the triggers.
The LEDs light to alert the operator when the zero setting or
helium background has changed, or when the test object should be
rejected. See Appendix B for information on the function and use of
the triggers.

7-7-7-3 AR/man./AR+U Switch

If this three position rotary switch is present, the machine is an
autoranging unit with calibrated gross-leak bypass valve (ULTRATEST
F SOAG). Request instruction set GA 712/3 from the factory.

7-8 CONTROLS AND LAMPS ON THE FRONT OF THE LEAK DETECTOR (see Figure 7-7).

NOTE: See Section 7-9 for the MS module controls, and Appendix D if

7-8-1

7-8-2

7-8-3

your ULTRATEST has the manual gross leak bypass modification.

ON/OFF Pushbutton and Backing Pump Lamp Q::}

Pressing the ON/OFF pushbutton during startup starts the backing
pump and the diffusion pump heater. This pushbutton and the backing
Tamp will immediately Tight when you press the ON/OFF pushbutton to
turn ON the ULTRATEST.

When switched OFF the pushbutton lamp goes out, but the backing pump
and the diffusion pump cooling fans continue to operate until the
diffusion pump has cooled.

Diffusion Pump Lamp Q::b

It takes approximately 20 minutes after the ULTRATEST is switched ON
for the diffusion pump to reach operating temperature. When the
diffusion pump reaches operatgng temperature, the diffusion pump
Tamp Tights.  The "DIFF 190°C™ LED on the MS module also lights at
this time.

Roughing Pump Pushbutton

The illuminated pushbutton RP is used for separate ON and OFF
switching of the roughing pump (see Figure 7-7). Pushing the RP
button starts the roughing pump. However, the roughing pump can not
evacuate the test object until valve V1 is opened by pressing the
PUMP pushbutton.
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7-8-4 PUMP Pushbutton
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NOTE: The FB module also contains a PUMP and a VENT button (see

Section 7-7-5).

The emission and the roughing pump must be switched ON before
pushing the PUMP button.

Pushing the PUMP button initiates the following sequence to evacuate

the test object and connect it to the mass spectrometer (see Figure
7-3 and 7-7).

(1) Venting valve V3 is closed and roughing pump valve V1 opens.

(2) When the test port pressure PI falls below 1 mbar, inlet
valve V2 begins "stepping" open and the READY light flashes
(see Section 7-3).

(3) Signals from gauges PI (test port pressure) and PIII (mass
spectrometer pressure) control the control motor which
gradually opens valve V2 so_,that the mass spectrometer
pressurgzdoes not exceed 1 x 10 ° mbar. When PI falls below
5 x 10 ¢ mbar, the control motor opens valve V2 all the way
which changes the state of the S1 microswitch.

(4) Valve V1 closes as soon as valve VZ is fully opened.

(5) The orange "READY" 1lamps stops flashing and changes to a
steady glow. Now the test object is connected to the mass
spectrometer at full detection sensitivity.

If the test port pressure PI can not be reduced below, for
instance 0.5 mbar, inlet valve V2 will remain partially open.
Part of the gas from the test object will be pumped by the
roughing pump through open valve V1 and part will be pumped by the
high vacuum system through partially open valve V2. The portion
of the gas that enters the mass spectrometer makes leak checking
with reduced sensitvity possible.

If outgassing causes the pressure at PII to exceed 1 X 10'2 mbar
valve V2 closes instantly. To start leak checking again, tap the
“VENT" button (see Section 7-8-5) and then press the PUMP button.

I1f outgassing _Eauses the pressure to rise above 2 x 10 4 but not
exceed 1 x 10 ¢, you can continue to leak check; however,
sensitivity is greatly reduced, and the ion source filament will
deterioate rapidly when leak checking in this pressure range.



If you press the PUMP button when the emission is OFF, the test
object is evacuated, but it is not connected to the high vacuum
system or the mass spectrometer. Allowing the leak detector to
remain in this operational state results in oil vapor condensing
on the valve block when the roughing pump reaches its ultimate
pressure. Under normal operating conditions, the gas flow in the
system prevents such backstreaming of oi]l vapor.

If you press the PUMP button when the roughing pump is not
running, neither valve V1 nor valve V2 will open (see Figure 7-3).

PUMP AND
VENT
PUSHBUTTONS
TOP TEST PORT
PHASE
ROUGHING PUMP ) LED
PUSHBUTTON B B
CIRCUIT
BACKING BREAKER
PUMP
LAMP CALIBRATED
LEAK
OPENING
ON/OFF
PUSHBUTTON
DIFFUSION prmscre . g
PUMP : | ? \\\\\PIAND
LAMP Y e } Lt R ] PI
' - 7 METERS
y ) ) «.um»vmu'-
‘ ) mbar s ,m; sea‘m s \ ELAPSED
DIFFUSION g N ' ’ HOUR
PUMP 1900C | wasow U, v ; METER
LED LAMP = ; o ® 3
EMISSION ' - ) A
LED LAMP - - a
u2
U1 ! POTENTIOMETER
CATHODE . POTENTIOMETER
LED LAMP MASS EMISSION _
5 SWITCH POTENTIOMETER 1Fa.2

Figure 7-7 - Front Panel and MS Module Controls
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7-8-5

7-8-6

"VENT" Pushbutton

NOTE: The FB module also contains a PUMP and a VENT button (see
Section 7-7-5).

The VENT button is used in two ways (see Figures 7-3 and 7-7).

(1) Briefly tapping the VENT button stops the pump-down or leak
checking process by instantly closing valves V1 and V2. This
isolates the test object from the roughing pump and from the
high vacuum system,

(2) When depressing the button and holding it down, valves V1 and
V2 close immediately and after 1.5 seconds, valve V3 opens and
vents the test object to atmospheric pressure. Valve V3

remains open until the PUMP button is pressed to start a new
test cycle.

Meters PI And PIII

The PI and PIII meters monitor the pressure at the test port and in
the mass spectrometer and indicate these pressures in parallel to
the FB module meter (see Figures 7-6 and 7-7). Unlike the FB
meter, the PI and PIII meters indicate continuously and
independently of the position of the range switch (see Section
4-1-2). Instead of the graduated scales, the PI and PIII meters
have green and red markings indicating whether the pressure is
acceptable or too high.

If the PI meter is in the red range, the PI pressure is too high
for leak checking. If PIII is 1in the red range, you can not
precisely measure the leak rate.

7-8-7 Phase LED

7-8-8

71

The phase LED is operational only if the roughing pump has a
3-phase motor. The D30A and D60A are the only roughing pumps which
are available with 3-phase motors. If the phase LED 1ights, it
means that the polarity is reversed. Reverse two of the input
leads on the roughing pump to correct the polarity.

Fuse

The "FUSE" pushbutton is a circuit breaker (see Figure 7-7). A
supply surge can cuase the circuit breaker to open. Push in the
FUSE button to reset the breaker. If the circuit breaker continues

to open, it ususally means there is a short in the ULTRATEST
electronics.



7-8-9 Test Leak

7-9

7-9-1

7-9-2

7-9-3

If the optional calibrated leak is permanently installed on your
ULTRATEST, the knob will extend out the TEST LEAK hole in the front
panel (see Figure 7-7). The calibrated 1leak 1is used for
calibrating the ULTRATEST (see Section 4-3). See Section 2-2 for
instructions for permanently installing the optional test leak.

MS MASS SPECTROMETER POWER SUPPLY MODULE

The MS module contains the electronics that support the mass
spectrometer (see Figure 7-1B). See Table 8-2 for a 1list of PC
boards in the MS module and Section 8-12 for instructions for
replacing the PC boards.

The following describes each item on the front panel of the MS module
(see Figure 7-7).

Mass Selector Switch "MASSE"

This switch is a slotted potentiometer which is set to the mass (3
or 4) of the search gas used for Tleak testing. Most of our
customers wuse helium 4 so the slot should be turned to the 4
position. If you use a mass 3 search gas, tun the slot to 3 and
recalibrate the leak detector (see Section 4-3).

Slotted Potentiometer "EMISSION"

This potentiometer is used for adjusting the emission current in
the ion source. It is used in calibrating the leak detector (see
Section 4-3).

Slotted Potentiometer "U1"

This potentiometer controls the accelerating voltage of the ions
and thus defines the injection speed of the ions into the magnetic
field (see Section 4-3). Adjustment of U1 sweeps the path of the
search gas ions back and forth past the exit from the magnetic
deflection section.
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7-9-4

7-9-5

7-9-6

7-9-7

7-9-8

Slotted Potentiometer "U2"

This potentiometer adjusts the voltage applied to the deflection
plates (i) in the ion collector (see Figure 7-5). It tunes the
electrostatic field to allow the search gas being used to pass

thr?ugh the plates (i). U, changes proportional to U, (see Section
4-3).

LED Pilot Lamp "DIFF. 190°C"

This light 1is 1it when the diffusion pump reaches its operating
temperature.

LED Pilot Lamp "EMISSION"

This LED 1lights when the emission is ON and functioning. See
Section 6-5-1 to determine if the ion source needs to be changed.

LED Pilot Lamp "KATODE"

This LED indicates that heater current is passing properly through
the cathode filament (b) in the ion source (see Figure 7-5).

Elapsed Hour Meter

This meter records the cumulative operating hours of the leak
detector. The meter is actuated when the illuminated "ON/OFF" push
button is ON. Use the hour meter to determine the wmaintenance
intervals for your leak detector.
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SECTION 8

TROUBLESHOOTING AND REPAIR

8-1 TROUBLESHOOTING

NOTE: A diagnostic test kit (Catalog Number 99-077-078) is available that
functionally checks the FB and MS module and all of the PC boards
except for the preamp (LP5).

Use Table 8-1 and Sections 8-2 through 8-2-5 +to troubleshoot the
ULTRATEST. See Appendix A-6 for additonal troubleshooting information if
you have the optional QUICK-TEST.

To wuse the troubleshooting chart, first observe the symptom, do the
observation or check, and perform the recommended corrective action. The
“Reference Sections" column 1ist Sections, Steps, or Figures in the manual
that are helpful in correcting the problem.

See Section 9 for the spare parts list and Appendix F for schematics and
board component Tocation drawings.

CONTENTS OF TROUBLESHOOTING CHART

Symp tom Page
1. ON/OFF pushbutton does not 1ight . . . . . .. .. ... ... 77
2. Backing pump is inoperative . . . .. e e e e e e 77
3. The diffusion pump lamp does not 11ght “ el e e e e .. 18
4. Pressure reading PII does not reach 1 x 10 mbar . .. .. 79
5. Pressure PII shows a full deflection to the left or to the

right off of the meter scale “ e Y
6. Emission pushbutton on FB module has no effect e e e e e e 80
7.  "KATODE" LED on MS module does not light . . . . 82
8. Pressure PIII reading shows full deflection to the r1ght or to

the left off of the sca]e4 T - ¥4
9. Pressure PIII exceeds 10 mbar - V4
10. Pressure PIII s unstable . . . . . . .. .. ... ..... 83
11. Meter indicates negative leak rate . . . . . . . . .. ... . 83
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CONTENTS OF TROUBLESHOOTING CHART continued

Symp tom Page
12. Full right deflection off scale of leak-rate meter . . . . . . 84
13. Leak-rate meter is unstable . . . . e+ .. .. B84
14, Calibration with calibrated leak is not p0551b1e . - L
15. Digital display on FB module is dimly 1it or gives wrong

display . . e e e e e e e e e e e e e e e e e e 85
16. No audible 1eak s1gna1 e e e e e e e e e e e e e 85
17. Automatic shutdown is ma]funct1on1ng O -1
18. Elapsed hour counter is not work1ng O -1
19. Background leak rate is high . . O - 1
20. ULTRATEST has poor sensitivity to he11um SR - 7
21. "READY" 1light on FB module does not flash . . . . . 87
22. "READY" light on FB module does not change to a continuous

glow . . . 29 . 88
23. Total pressure PI does not reach 5 X 10 mbar but ha]ts at a

higher vlaue . . e e 88

24, Total pressure PI shows fu1] def]ect1on 1eft off sca]e . e e e 88
25. Total pressure PI shows full deflection off scale to the

right . . . . e e e e e e e e e e 88
26. Total pressure PI rema1ns at 1000 mbar PO -1
27. Roughing pump "RP" pushbutton does not light . . . . . . 89
27a. ON/OFF pushbutton is 1it but roughing pump is not runn1ng .. 89
28. Pressing PUMP pushbutton has no effect . . . . - 10
29. VENT pushbutton has no effect . . . e e e e e 90
30. PUMP and VENT buttons on FB module are 1noperat1ve e e e e e 90
31. Recorder outputs on socket Bu on rear of FB module is

defective . . . C e 90

32. Trigger 1 or 2 on back of the FB modu]e does not operate .. 9l
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8-2 HELIUM BACKGROUND, CONTAMINATION, OR LEAKS IN THE ULTRATEST

A high background leak-rate reading or an unstable meter reading can
be caused by contamination, leaks, electronic problems, or helium
permeation in the leak detector. In addition, high background can
result from the calibrated leak being open or the electrical zero
drifting. The procedures in this section can be used to troubleshoot

either high background or unstable-meter problems since both problems
have similar causes.

8-2-1 Determining the Background and Meter Stability and Isolating the
Location of the Problem

NOTE: Ensure that the emission has been ON for at least
15 minutes before proceeding.

Proceed as follows to determine the background level and to find
which section of the ULTRATEST contains the source of the problem.

1. NOTE: If you are testing for very fine leaks, the optional
calibrated leak should not be permanently mounted on the
ULTRATEST during Tleak checking or when determining the
helium background.

Ensure that the optional calibrated leak is closed tightly and
is not the source of the background.

trap is filled with LN, before determining the background
(see Section 4-2, Step 6a). If you normally run the leak
detector without LNZ’ do not add LN2 as this time.

2. NOTE: If you usually use LNﬁ in the cold trap, be sure the cold
2

Determine the background level as follows (see Figure 7-6).

a. Press and hold down the VENT pushbutton for 2 seconds to vent
the test port.

b. Seal the test port with a blind flange,
c. Refer to Section 4-3 to calibrate the ULTRATEST.

d. Turn the range selector on the FB module all the way
clockwise to the finest leak position.

e. Turn off the EMISSION and use the ZERO knob to set the meter
reading to 0; wait a minute or two to be sure the needle does
not drift.

f. Turn ON the EMISSION.
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Section 8-2-1, Step 2 continued

g. Press the PUMP pushbutton and wait until the orange READY
lamp shows a steady glow.

h. Read the background from the F@lﬂodu1e meter. The background
should be less than 2 x 10 if you plan on checking for
very fine leaks.

i. Make a note of the background for future reference.

3. Check the meter stability as follows:
a. Fill the cold trap with LN2 (see Section 4-2, Step 6a).
b. Refer to Section 4-3 to calibrate the ULTRATEST.

c. Open the calibrated leak.

d. Observe or wuse a chart recorder to record the leak-rate
reading for 10 minutes. The stability is adequate if

0 Brief meter fluxuations remain with-iZ% of full scale
deflection.

o There were three or less brief larger deflections, and
o Any slow change in leak-rate indication was less than‘iZO%.

4. Proceed as follows to determine 1if high background or meter
instability is due to the electronics (see Figure 7-6).

a. Turn off the EMISSION.

b. Observe the meter. If the high background continues, the
problem is in the electronics.

c. Turn the ZERO knob so the FB module meter reading is the same
as it was with the emission ON and repeat Step 3d. If the
meter instability continues, the problem is in the
electronics.

d. If the high background or meter instability is at an
acceptable level when the EMISSION is off, proceed to Step 5.

5. Proceed as follows to determine which section of the leak
detector contains the source of the problem.

a. Turn ON the EMISSION.
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Section 8-2-1, Step 5 continued

b. Watch the meter on the FB module as you tap the VENT
pushbutton. If the problem stays the same or increases, the

source of the problem is in the high vacuum system (see
Figure 8-1).

If the problem diminished when you tap the VENT button, the
source of the problem is Tikely in the valve block/test port
area (inlet system).

c. If the problem is coming from the high vacuum system, proceed
as follows to further isolate the location.

(1) If not already done, refer to Section 4-2 Step 6a to add
LN2 to the cold trap.

(2) Turn off the EMISSION and use the ZERO knob to set the
meter needle to 0.

(3) Turn ON the EMISSION.

(4) Using valve V4, throttle the pumping speed until the
calibrated leak indication increases by exactly a fac}gr
of 10. For example, if your calibrated leak is 1
throttle valve V4 until the leak-rate meter reads 10 ',

b

(5) If the problem with your ULTRATEST is high background,
close the calibrated leak and repeat Steps 2c through 2i
to check the background with vavlie V4 throttled.

(6) If the meter stability improves or if the background does
not change significantly after V4 is throttled, the
problem is coming from the backing pump or from the
diffusion pump. See Section 6-2-2 to change the backing
pump fluid. If necessary, change the O0-rings on the
diffusion pump flanges and see Section 6-3 to service the
diffusion pump and Section 8-6-2 to replace the heater
plate.

If the meter stability does not change significantly or
the background gets worse after valve V4 1is throttled,
then the problem is contamination or small Teaks in mass

spectrometer, cold trap, or connecting lines (see Section
8-2-2).
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8-2-2 Determining if the Source of the Problem is Helium Background,

96

Contamination, or Leaks

I[f the background 1leak indicator on the meter is steady and

pressure PIII is low, the background is due to helium. Refer to
Section 8-2-5 to eliminate heljum.

If the background leak indication on the meter is unstable, it is

usually due to a Tleak 1in the ULTRATEST or contamination (see
Section 8-2-3 and 8-2-4). The PIII pressure will be high if the
problem is contamination or large leaks(s). See Section 8-2-3 to
do an overall leak check of the ULTRATEST.

If you determined in Step 5 of Section 8-2-1 that the source of the

meter instabiTity is in the mass spectrometer/cold trap section of

the leak detector, proceed as follows to decide whether the problem

is a result of contamination or leaks.

1. Tap the VENT pushbutton (see Figure 8-3A).

2. Turn off the EMISSION (see Figure 7-6).

3. Close valve V4 (see Figure 8-3A).

4. Plot pressure PII vs time until a trend is apparent.

5. Compare your graph to the graphs in Figure 8-2 to determine if
the problem is contamination or leaks. See Section 8-2-4 to
eliminate contamination or Section 8-2-3 to leak check the mass

spectrometer/cold trap section of the leak detector.

If you determine in Step 5 of Section 8-2-1 that the source of the

meter instability is in the valve block/test port, proceed as

follows to decide whether the problem is a result of contamination
or leaks.

1. Press and hold down the VENT pushbutton for 2 seconds (see
Figure 8-3A).

2. Seal off the test port with a blind flange.

3. Press the PUMP pushbutton and wait until the READY lamp lights
with a steady glow (see Figure 7-6).

4. Tap the VENT button (see Figure 8-3A).

5. Plot pressure PI vs time until a trend is apparent.

6. Compare your graph to the graph in Figure 8-2 to determine if
the meter instability is contamination or leaks. See Section

8-2-4 to eliminate contamination or Section 8-2-3-3 to leak
check the valve block.



1 — Pressure rise resulting
from a leak

2 — Pressure rise resulting
from outgassing from
the vessel walls

Pressure

3 — Pressure rise resulting
from both effects

Figure 8-2 - Graph of Pressure

1F-5.7

Rise Vs. Time from Leaks and/or Outgassing

8-2-3 Checking the ULTRATEST for Leaks

NOTE: Leaks 1in the

ULTRATEST may or may not cause a noticeable

increase in pressure depending on the size and Tlocation of

the leak.

8-2-3-1 Overall Leak Check of the ULTRATEST

Determine the overall

leak-rate of the ULTRATEST as follows:

1. Remove the front, back, and side panels and the larger black
work top from the leak detector.

2. Do Steps 2a through 2g of Section 8-2-1 so that the test port

is sealed off and

the READY 1light is ON.

3. Fit the plastic cover that came with the ULTRATEST over the

leak detector.
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