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Limited Warranty

Except as otherwise provided herein. the Seller
warrants to Buyer that the equipment sold
hereunder, whether it is new equipment or
remanufactured (reconditioned) equipment, is, at
the time of shipment to Buyer from Seller, free
from defects in material and workmanship. As
Buyer’s sole exclusive remedy under this
warranty Seller agrees either to repair or replace,
at Seller’s sole option and free of part charge to
Buyer, any part or parts of such equipment
which, under proper and normal conditions of use
prove to be defective within 12 months from the
date of receipt by the Buyer. Warranty period for
equipment requiring installation by Seller will
commence on completion of standard installation
services. If customer delays installation beyond
45 days after delivery, the warranty period will
commence to run 45 days after delivery. After
installation, any realignment, readjustment,
recleaning or recalibration, provided it does not
relate to a proven defect in material or
workmanship, shall be performed only at Seller’s
then current rates for service.

Exclusions and Limitations

It is recognized that some parts by their nature
(expendable items) may not function for one full
year; therefore, excluded from the foregoing
warranty are filaments. anodes, cathodes,
multipliers. retard grids. special ceramics,
ionizers, along with other such parts mentioned
in the applicable operating manual.

The foregoing warranty excludes certain major
items or accessories specifically indicated on
applicable price lists or quotations, as to which
Seller passes to Buyer whatever warranty is
provided to Seller by the manufacturer or the

specific warranty indicated by the price list or
quotation.

This warranty does not cover loss, damage, or
defects resulting from transportation to the
Buyer’s facility, improper or inadequate
maintenance by Buyer, buyer-supplied software
or interfacing, unauthorized modification or
misuse, operation outside of the environmental
specifications for the equipment or improper site
preparation and maintenance.

Product Service
All claims must be brought to the attention of
Seller within 30 days of the failure to perform.

Seller at his option may require the product to be
returned to the factory, transportation prepaid, for
repair.

Refund of Purchase Price

In lieu of the foregoing, Seller may at any time
elect, in its sole discretion, to discharge its
warranty by accepting the return of such
equipment and refunding any portion of the
purchase price paid by Buyer.

Software and Firmware Products

The sole exclusive warranty applicable to
software and firmware products provided by
Seller for use with a processor will be as follows:
Seller warrants that such software and firmware
will conform to Seller’s program manuals current
at the time of shipment to Buyer when properly
installed on that processor. Seller does not
warrant that the operation of the processor
software or firmware will be uninterrupted or
error free.

No other warranty is expressed or implied.
Seller expressly disclaims the implied warranties of
merchantability and fitness for a particular purpose.
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OPERATOR SAFETY SUMMARY

All PHI Systems have been designed to assure operator
safety. However, like all other sophisticated instru-
ments, continual operator safety is dependent on the
proper use of system components. Such use is
described in the manuals supplied with each unit.

LISTED BELOW ARE WARNINGS APPLICABLETO
THIS EQUIPMENT. ALL PERSONNEL INVOLVED
IN THE OPERATION AND MAINTENANCE OF
THIS EQUIPMENT MUST FULLY UNDERSTAND
THE WARNINGS AND THE PROCEDURES BY
WHICH THE HAZARD IS TO BE REDUCED OR
ELIMINATED.

WARNING

THE PRODUCT(S) COVERED IN THIS MANUAL
HAS BEEN DESIGNED TO FUNCTION SAFELY
WITH THE REQUIRED DEGREE OF PRECISION
WHEN USED IN THE PRESCRIBED MANNER.

WE DO NOT RECOMMEND THAT THIS EQUIP-
MENT BE MODIFIED FOR ANY NON-STANDARD
APPLICATION SINCE HAZARDOUS CONDITIONS
MAY RESULT. DUE TO THE FACT THAT PHYSI-
CAL ELECTRONICS DIVISION OF PERKIN-
ELMER HAS NO CONTROL OVER CUSTOMER
MODIFICATIONS TO PHI PRODUCTS SHIPPED, IT
DISCLAIMS ANY RESPONSIBILITY FOR ANY
MALFUNCTIONS OR ACCIDENTS THAT MAY
RESULT!

DANGER
ELECTRICALSHOCKHAZARD

HIGH VOLTAGES ARE PRESENT IN THE SYSTEM
WHEN THE SYSTEM POWER INPUT LINES ARE
CONNECTED. DISCONNECT INPUT POWER AT
THE WALL BEFORE MAKING ANY ADJUST-
MENTS. REFER SERVICING TO PERSONNEL
WHOHAVEBEENTRAINED AND HA VE WORKING
EXPERIENCE WITH VOLTAGES IN EXCESS OF 50
VOLTS.

ALL ELECTRICAL CABLES ASSOCIATED WITH
VARIOUS UNITS INCLUDED IN A SYSTEM ARE
WELL SHIELDED. HOWEVER, CARE MUST BE
TAKENNEVERTO COME IN CONTACT WITH ANY
ASSOCIATED TERMINALS WHEN THE POWER IS
ON. SOME OF THESE LEADS CARRY POTEN-
TIALLY LETHAL HIGH VOLTAGES. OTHER
LEADS MAY CARRY SUFFICIENT RF POWER TO
INFLICT SEVEREBURNS.

RF _INTERFERENCE

THIS EQUIPMENT GENERATES, USES, AND CAN
RADIATE RADIO-FREQUENCY ENERGY, AND IF
NOT INSTALLED AND USED IN ACCORDANCE
WITH THE INSTRUCTION MANUAL, MAY CAUSE
INTERFERENCE TO RADIO COMMUNICATIONS.
OPERATION OF THIS EQUIPMENT IN A
RESIDENTIAL AREA IS LIKELY TO CAUSE IN-
TERFERENCE IN WHICH CASE THE USER AT HIS
OWN EXPENSE WILL BE REQUIRED TO TAKE
WHATEVER MEASURES MAY BE REQUIRED TO
CORRECT THE INTERFERENCE.
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GENERAL DESCRIPTION

The Ultek Boostivac lon Pump Control Unit (Figure 1)
was specifically designed to start and operate Ultek
Boostivac High Vacuum lon Pumps (Models 210-1500,
210-1560) and TNB/TBK and MX-14 Table-Top
Systems. This power unit incorporates the latest de-
sign features and provides both high current at low
voltage for ion pump starting and high voltage at low
current for ion pump operation. The power unit in-
cludes a meter circuit with log-linear meter for direct
reading of current, voltage, or pump pressure. A
recorder output permits direct graphic recording of
system pressure. The power unit also includes a low
voltage, high current section with current meter for
operation of the titanium sublimator. This section
includes a power set variable transformer and adjust-
able cycle timer.

Protection for the ion pump is provided by an over-
load protection device which shuts off the power
unit if pressure in the pump rises above a preset
value. This prevents pump operation at pressures
above the upper pressure limit and eliminates the
possibility of damage to the pump by overheating.

GENERAL INFORMATION ]

Operating controls are located on the front panel
and cable connections are on the rear panel of the
unit. The unit can be mounted on a standard 19-
inch-wide rack cabinet.

Top quality components are selected to provide a
power unit that will operate under any conditions of
output requirements from open to short circuit. The
components of the unit are illustrated in Figure 2.

REFERENCE TABLES

Control units designed to operate with particular in-
put power and frequency requirements are identified
by their Ultek model and part numbers in Table 1.
The operating characteristics and performance speci-
fications of the control units are described in Table 2.

TABLE 1

IDENTIFICATION OF BOOSTIVAC ION PUMP
CONTROL UNITS

Ultek Model Input Input Ultek Part
Number Power Frequency Number
224-0630 115V 60 Hz 221-293-000
224-0635 200/220V 50 Hz 221-293-300
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FIGURE 1. BOOSTIVAC ION PUMP CONTROL UNIT
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Current/Pressure/Voltage Meter

A high impedance meter, whose functions are con-
trolled by the RANGE selector switch, displays out-
put current or voltage on a linear scale and pump
pressure, in Torr,on a logarithmic scale. A mechanical
zero adjustment point is located directly below
the meter.

RECORDER ADJUST

This 15-turn potentiometer permits calibration of the
recorder output signal to produce a desired deflection
on an external device recording pressure or current.

HIGH/LOW TORR ADJUST

Two 15-turn potentiometers provide calibration of
the meter pressure indication, at both the high and
low end of the Torr range, so that the pressure in a
particular pump may be monitored accurately.

AMP HOUR Meter

A microcoulombmeter measures the operational life
of an ion pump by the displacement of a column of
mercury. The meter scale is calibrated so that 40
ampere-hours of ion pump operation equals a 100%
displacement of the mercury column. Table 3 shows
the relation between the amount of mercury dis-
placement in the meter for operation of a particular
ion pump and that pump’s expected lifetime of
operation. The data in this table are computed for an
ion pump with an expected life of 45,000 hours of
operation at 1 X 107® Torr. The meter can be used
with ion pumps whose life expectancy is greater than
40 ampere-hours. After continued pump operation
has resulted in a 100% displacement of the mercury
column and further monitoring of pump life is re-
quired, remove the cover assembly (which contains
the mercury column) from the meter, rotate it 180°
and replace it.

The meter’s zero point can be reset, while the cover
is removed, by sliding the white meter scale until
its zero line coincides with the gap in the column
of mercury.

The cover assembly has ten reference marks molded
on it to facilitate placement of the scale when the
zero point is being adjusted. These marks are matched
by identical marks on the bed for the tube containing
the mercury. To determine where the sliding scale
should be set, observe the position of the gap in the

mercury column in relation to the reference marks on
the cover, then move the scale until its zero line cor-
responds to the appropriate mark on the bed for the
mercury tube.

TABLE 3

LIFE EXPECTANCY OF ION PUMPS AS A FUNCTION
OF AMP HOUR METER DISPLACEMENT

Expected Lifetime of Operation

Pump Size as a Per Cent of Full Scale
1/s Meter Displacement

5 7%
11 15%
20 35%
25 40%
60 or 80 100%
120 or 150 200%
220 or 270 350%
400 or 500 800%

RECORDER OUTPUT Receptacle

At this rear panel receptacle, an output signal is
provided which is proportional to the front panel
meter deflection and is adjustable from O to =200 mV
on all scales. The signal allows continuous graphic
recording of ion pump system pressure or current.
For correct readings, this output must be calibrated
against the current output to the ion pump.

CURRENT MONITOR Option

At this rear panel receptacle, a current output signal
is provided which corresponds to the front panel
meter current ranges. It is used to monitor actual ion
pump current in a remote manner.

VOLTAGE MONITOR Option

At this rear panel receptacle, a 0 to 10 Vdc voltage
output signal is provided which corresponds propor-
tionally to 0 to 10 kV on the front panel voltage
meter range. It is used to monitor ion pump voltage
in a remote manner.

REMOTE Control Computer Option

At this rear panel receptacle, an external control
device may be connected for remote control and
monitoring of the OFF, STDBY, START and RUN
functions of the ion pump section MODE switch.



tection is incorporated in the control unit. It can be
bypassed when starting the pump by placing the ion
pump section MODE switch in the START position.
After the pump has started, the switch should be
placed in the RUN position to ensure protection.

Reading Pressure

With a constant voltage, the pressure in the pump can
be determined by reading the control unit current.
The relationship between pump pressure and current
has been established by using a Bayard-Alpert ioniza-
tion gauge located near the pump flange. A sensitive
meter circuit is incorporated in the control unit for
reading pump current. In addition, a logarithmic scale
is provided to read pressure when adjusted for the
appropriate pump. The limits of current or pressure
measurements are leakage current at a low pressure,
and changing pump operating mode at high pressure.
It must be noted, however, that any pumping gauge
may indicate a pressure substantially different from
the pressure in the attached system. To read pressure:

1. Set the RANGE switch for on-scale reading of
current.

2. Convert current reading to pressure with the
calibration curve appropriate for the pump size
being used (see Figures 5 to 8).

3. Return RANGE switch to maximum current
range, or set RANGE switch to TORR and read

pressure directly.

4. Return RANGE switch to maximum current
range.

Operation with a Recorder

1. See the specifications in Table 2 regarding output
voltage impedance and proper connector.

2. Isolate the recorder input or chassis.

3. Connect the recorder connector.

4.Set RANGE switch to maximum current position.
5

. Turn RECORDER ADJUST potentiometer fully
counterclockwise.

6. Set recorder zero to desired position on its scale.
7. Select desired range on RANGE switch.
8. Calibrate system by adjusting RECORDER AD-

JUST potentiometer to produce desired deflection
on recorder.

9. The system is now ready for recording. Remember
that the recorder deflection is proportional to
meter deflection on all ranges, except 10 kV,
where the output voltage is zero.
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BOOSTIVAC PUMPING

The Boostivac titanium gettering pumping technique
is generally used during:

1. The pumpdown cycle when high pumping speeds
are required for a rapid and time-saving operation.

2. Operation of the system when heavy gas loads
are experienced and when pumping of high
throughput is demanded.

Boostivac pumping is an economical method of
pumping gases that can be gettered (chemically com-
bined) with titanium such as H,, O,, and N,. The
titanium provided by Ultek is supplied on filaments
mounted on a filament holder in the system. When
heated, the titanium is sublimed from the filament
onto a substrate surface area in the system. The titan-
ium thus deposited combines with the getterable
gases and permanently removes them from the system
volume. Since the titanium combines with a selective
group of gases, other gases must be pumped by other
means. The ion pump will pump all gases, but does
not have the capacity to pump the getterable gases as
rapidly as the titanium film. In combination they act
to enhance each other; the ion pump by ionizing such
gases as H, O so they can be pumped by the titanium
film and the gettering pump by providing high pump-
ing speeds for gases most commonly observed as
residuals in vacuum systems.

PUMPING RATES

Relative pumping rates as a percentage of the pump-
ing speed for N, are given below:

TABLE 5
RELATIVE PUMPING RATES OF ION AND GETTERING PUMPS

Gas D-l lon Pump Gettering Film
H, 270 225

0, 70 100

N, 100 100

He 30 0
O, 100 100

Ar 25 0

H, is pumped most efficiently and is quite often
the most common residual gas in a metal system.

It has been observed by Ultek that the substrate
area onto which the titanium film is deposited must
be cooled for effective pumping. There are three
commonly used working temperatures. Any one of
these may be selected for use in a vacuum system,
depending on the size, shape, and operating require-
ments of the system. The three temperatures are:

1. Air cooling (20-25°C.)
2. Water cooling (12-18°C.)
3. LN, cooling (77-100°K.)

Hydrogen is not easily gettered because it has such
strong chemical bonds. Therefore, hydrogen pump-

PRINCIPLES OF OPERATION 5

ing is strongly temperature-dependent. If the de-
posited film is heated, the hydrogen previously
pumped will be re-emitted. Hence, for hydrogen
pumping, the substrate should be cooled by water
or liquid nitrogen.

TITANIUM CONSUMPTION

The consumption of titanium is a function of pres-
sure and the gas load present during a pumpdown
cycle. At higher pressures the titanium combines with
a relatively large quantity of gas. At high pressures
the rate of arrival of gas molecules at the getter sur-
face is greater than the rate of arrival of titanium.
Under these conditions all the molecules of titanium
combine with a gas molecule before the next mono-
layer of metal is deposited. At lower pressures the
opposite is the case and unused titanium can be
covered before it combines with a gas molecule. it is
therefore desirable at lower pressures to deposit a
thin film of titanium and allow it to pump before
covering up that layer. To accomplish this, Ultek
provides a means of cycling the filament power
supply to increase the filament life. After a period
of time, the residual pumping effect of the titanium
will decay and a fresh layer of material must be de-
posited. Table 4 is a guide to the most effective cy-
cling for various pressures. The settings in Table 4
are applicable for both system pumpdown and for
continuous operating in the pressure ranges specified,
assuming maximum pumping speeds are desired.
Lower pumping speeds can be obtained with lower
timer settings.

In ultrahigh vacuum operation, pressures of 1 X 107°
Torr and below, it may not be necessary to sublimate
titanium as often as indicated by the settings above
because of the considerable residual pumping effect
of the titanium film in the ultrahigh vacuum region.
For example, a sublimation period of only a minute
or two in 24 hours is required for a system maintain-
ing vacuum in the 107'? Torr range. Experimentation
in specific applications can determine the invervals
at which titanium should be sublimated.

Should you not want to cycle the filament but prefer
to run it continuously for short, rapid pumpdown
operations, you can use the following table as a guide
to the titanium consumption. Each filament has
about 1.5 gm of usable titanium.

TABLE 6

GAS CONSUMPTION BY TITANIUM IN
CONTINUOUS FILAMENT OPERATION

Pressure Torr-Liters per gm
1X10°® Torr 100 T-L/gm
1 X107 Torr 30 T-L/gm
1X 1078 Torr 10 T-L/gm
1X107° Torr 3T-L/gm
1X 107" Torr 1T-L/gm
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PREVENTIVE MAINTENANCE

Preventive maintenance procedures consist of period-
ically cleaning the control unit. Clean the interior of
the unit with an industrial vacuum cleaner to remove
dust, dirt and metal particles which may cause elec-
trical shorts. If a source of compressed, clean, dry air
is available, it is recommended that the entire interior
of the chassis be cleaned, paying particular attention
to areas such as the high voltage terminals.

WARNING

Always turn power off, remove input power
cord and wait 3 minutes before opening the
chassis for cleaning.

The high voltage components are particulary impor-
tant since they are susceptible to arcing. If the equip-
ment is operated in the vicinity of oil diffusion pumps
or oil-backed mechanical pumps, oil vapor will settle
on components. This attracts dust, which will cause
arcing under conditions of high voltage operation.
While cleaning the interior of the chassis, inspect all
high voltage wires for wear and cracking. Wipe off all
high voltage terminals, connectors and the encapsulat-
ed diode rectifier bridge with a lint-free cloth moist-
ened in trichloroethylene or another suitable solvent.

CHECKOUT AND ALIGNMENT OF ION PUMP
SECTION

Voltage and Current Checkout

An overall checkout of the unit can be performed by
checking the value of the rated voltage and current
outputs.

1. Turn off the control unit and allow the filter
capacitor to discharge for 3 minutes.

2. Disconnect the high voltage connector from the
ion pump and suspend it away from any ground
connection.

WARNING

Make sure that all personnel are away from the
high voltage connector when power is turned on.

3. Set the MODE switch in the START position.

4. Turn the RANGE switch to 10 kV and observe
that the meter reads between 5.0 kV and 6.0 kV.

5. Turn off power and allow three minutes for
filter capacitors to discharge.

6. Short across the high voltage connector and turn
on power.

7.Set the RANGE switch to the highest current

MAINTENANCE é

scale and observe that the meter indicates a
value that is within 10% of the rated short cir-
cuit current.

8. Set the MODE switch in the RUN position and
observe the circuit breaker trip within 3 minutes.

9. If the above current or voltage readings are not
obtained, troubleshoot the unit.

Adjustment of Torr Range

A variable current source is required to perform ad-
justment of Torr potentiometers. The high voltage
output connector should be used as a current input
for this adjustment.

1. Turn off the control unit and disconnect the
main power lines.

2.Set the variable current source to zero and
connect it as a pump load to the high voltage
receptacle.

3. Turn the TORR HIGH and TORR LOW po-
tentiometers to mid-range.

4. From the conversion charts (Figures 5 to 8) de-
termine the current for 10" Torr and 1078
Torr. This value depends on the size of the
pump with which the control unit is used.

5. Turn the RANGE switch to the current scale
corresponding to the current determined above
for 1075 Torr.

6. Increase the current to the unit until the meter
indicates the value determined above for 107%
Torr.

7. Turn the RANGE switch to the TORR position.

8. Adjust the TORR HIGH potentiometer until
the meter indicates 107 Torr.

9. Turn off the current source and set the current
to zero.

10. Set the RANGE switch to the current range for
reading the current corresponding to 1078 Torr,
as determined above.

11. Turn on the current source and increase it until
the meter indicates the current for 10® Torr.

12.Set the RANGE switch to the TORR position.

13. Adjust the TORR LOW potentiometer until
the meter indicates 1078 Torr.

14. Repeat steps 8 through 13 until meter reads
correctly for the high and low values.

15. Turn off the current source and disconnect the
test equipment.

Mechanical Adjustment of Meter Zero

If the meter pointer does not indicate zero after the
power unit has been off for a few minutes, adjust
the mechanical zero.

1. Turn the adjustment screw located below the

15
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SCHEMATIC DIAGRAM OF BOOSTIVAC ION PUMP CONTROL (D221-293-900)



Circuit
Ref. Des.
DS3
DS3
DS2, DS4
DS2, DS4
DS1
DS1
F2,F3(110V)
F1(110V)-F2,
F3 (220V)
F1 (220V)

T3

T2

T1 with C2
T1 with C2
TB2

TB1

S4
R20-R21

R3
K8-XX
K4, K8
K3-XX
K3-XX
K3

K2

K2

K1
CR7 and CR8
Knob

Conn. for
Filament Cable
Clamp for
Filament Cable
C1

T4

T4

A2

(&)

C4

S3
S1

M3

M1

M2

Al
A1-C5
A1S3
A1.52
A1-R14
A1-R13
A1-R12

A1-CR1-CR6
AT-R1
A1-R10
A1-R9
A1-R8

REPLACEABLE PARTS 8

Description

Indicator Light, Amber, 110V
Indicator Light, Amber, 220V
Indicator Light, Red, 110V
Indicator Light, Red, 220V
Indicator Light, Clear, 110V
Indicator Light, Clear, 220V
Fuse, 10A,S.B., 3AG

Fuse, 5A, S.B., 3AG

Fuse, 2.5A,S.B., 3AG

Fan, 110V

Fan, 220V

Transformer, Current
Transformer, Filament
Transformer, lon Pump, 60Hz
Transformer, lon Pump, 50Hz
Terminal Strip, 5 Pos.
Terminal Strip, 3 Pos.

Switch, 4 Pole, 45A

Resistor, 15082, 100W
Stand-off, for R20-R21
Resistor, 2.5M2, 18W
Socket, for K8

Relay, DPDT, 117 Vac

Heater Element, 15.1A, for 117V Unit
Heater Element, 7.75A, for 220V Unit
Relay, Overload

Relay, 3PST, 117V

Relay, 3PST, 230V

Relay, SPDT, Overload

Diode Stack, 10kV

Knob

Cable Assy., Filament

Connector, MS 3108 B 24-10s

Cable Clamp

Capacitor, .5uF, 6kV
Transformer, Variable, 110V
Transformer, Variable, 220V
Relay Board Assy.

Capacitor, 100uF, 50V
Capacitor, 250uF, 25V
Socket, Octal, P.C. Type

P.C. Board

Switch, Rotary

Switch, Rotary

Knob

Meter, SA, with Bezel

Meter, 20uA, with Bezel
Meter, AMP HOUR

P.C. Board Assy., Metering
Capacitor, 10uF, 50 V

Switch, POLARITY

Switch, RANGE
Potentiometer, Trimmer, 2M$2
Potentiometer, Trimmer, 25K
Potentiometer, Trimmer, 1K
Adaptor, Panel Mount, for A1-R12,13, 14
Diode, S6M, SCE6

Resistor, .282, 1%

Resistor, 182, 1%

Resistor, 1082, 1%

Resistor, 10082, 1%

Part No.

122-159-000
122-159-100
122-158-900
122 159-300
122-158-800
122-159-200
179-657-000
179-676-000

179-677-000
132-313-000
122-132-200
132-074-000
400-587-000
221-224-700
221-281-400
139-519-000
139-522-000
135-406-000
134-088-000
139-02C-000
122-148-800
140-245-000
135-723-010
122-148-700
122-149-500
122-143-900
122-096-400
139-923-000
122-148-900
136-406-300
139-777-000
221-117-200

140-006-000

139-972-000
133-062-000
122-159-600
122-159-500
221-271-800
133-081-900
122-205-600
140-211-000
221-271-700
122-160-200
135-444-700
139-790-020
137-058-000
122-144-600
132-509-600
221-221-000
133-081-500
122-118-300
221-220-800
122-116-000
122-115-800
122-115-900
122-116-800
136-000-000
122-132-300
134-131-700
134-131-800
134-129-100
continued . . .
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