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Trademarks

The trademarks of the products mentioned in this manual are held by the companies that
produce them.

Microdot® is a registered trademark of Microdot Corp.
ConFlat® is a registered trademark of Varian Corporation.
INFICON® is a trademark of INFICON.

All other brand and product names are trademarks or registered trademarks of their respective companies.

Disclaimer

The information contained in this manual is believed to be accurate and reliable. However, INFICON assumes
no responsibility for its use and shall not be liable for any special, incidental, or consequential damages related
to the use of this product.

Disclosure

The disclosure of this information is to assist owners of INFICON equipment to properly operate and maintain
their equipment, and does not constitute the release of rights thereof. Reproduction of this information and
equipment described herein is prohibited without prior written consent from INFICON, Two Technology Place,
East Syracuse, NY 13057-9714. Phone 315.434.1100. See www.inficon.com.

Copyright

©1998 All rights reserved.
Reproduction or adaptation of any part of this document without permission is unlawful.

/!\ WARNING

All standard safety procedures associated with the safe
handling of electrical equipment must be observed. Always
disconnect power when working inside the controller. Only
properly trained personnel should attempt to service the
instrument.
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CONFORMITY

This is to certify that this equipment, designed and manufactured by:

INFICON Inc.
Two Technology Place
East Syracuse, NY 13057
USA

meets the essential safety requirements of the European Union and is placed on the market accordingly. It
has been constructed in accordance with good engineering practice in safety matters in force in the
Community and does not endanger the safety of persons, domestic animals or property when properly
installed and maintained and used in applications for which it was made.

Equipment Description:

Applicable Directives:

Applicable Standards:

CE Implementation Date:

Authorized Representative:

TM-400 Dual Sensor Thin Film Deposition Monitor, including the SO-100
Oscillator Package.

73/23/EEC as amended by 93/68/EEC (LVD)
89/336/EEC as amended by 93/68/EEC (EMC)
2002/95/EC (RoHS)

EN 61010-1:2001 (Safety)

EN 61326-1:1997/A1:1998/A2:2001, Class A: Emissions per Table 3
Immunity per Table A.1

Due to the classification of this product it is currently exempt from the RoHS
directive.

November 1, 2007

Duane H. Wright

Quality Assurance Manager, ISS
INFICON Inc.

ANY QUESTIONS RELATIVE TO THIS DECLARATION OR TO THE SAFETY OF INFICON'S PRODUCTS SHOULD BE DIRECTED,
IN WRITING, TO THE QUALITY ASSURANCE DEPARTMENT AT THE ABOVE ADDRESS.

10/01/07






Warranty

INFICON warrants the product to be free of functional defects in material and
workmanship and that it will perform in accordance with its published specification
for a period of (twenty-four) 24 months.

The foregoing warranty is subject to the condition that the product be properly
operated in accordance with instructions provided by INFICON or has not been
subjected to improper installation or abuse, misuse, negligence, accident,
corrosion, or damage during shipment.

Purchaser's sole and exclusive remedy under the above warranty is limited to, at
INFICON's option, repair or replacement of defective equipment or return to
purchaser of the original purchase price. Transportation charges must be prepaid
and upon examination by INFICON the equipment must be found not to comply
with the above warranty. In the event that INFICON elects to refund the purchase
price, the equipment shall be the property of INFICON.

This warranty is in lieu of all other warranties, expressed or implied and
constitutes fulfillment of all of INFICON's liabilities to the purchaser. INFICON
does not warrant that the product can be used for any particular purpose other
than that covered by the applicable specifications. INFICON assumes no liability in
any event, for consequential damages, for anticipated or lost profits, incidental
damage of loss of time or other losses incurred by the purchaser or third party in
connection with products covered by this warranty or otherwise.

4’ TNFICON
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Chapter 1
Safety Precaution and Preparation for Use

1.1 Input Power Requirements

The TM Series Thickness Monitor can be set to operate one of the following line
voltages: 100, 120, 200, or 240 V(ac) at line frequency of 50 or 60 Hz. Maximum
power consumption is 25 watts. See section 4.2.6 on page 4-2 for instruction on
how to select the line voltage.

1.2 Power Entry Module

The AC (alternating current) power entry module, located in the rear panel of the
TM, provides connection to the power source and a protective ground. It also holds
the fuses and the voltage selection wheel.

1.3 Power Cord

/11\ WARNING - Risk Of Electric Shock

To avoid electrical shock, always connect the power cord
to an AC outlet which has a proper protective ground.

The TM Series Thickness Monitor comes with a detachable, three-wire power cord
for connection to a power source with protective ground. The TM chassis is
connected to the power ground to protect against electrical shock. Always connect
to an AC outlet which has a properly connected protective ground. If necessary, or
when in doubt, consult a certified electrician.

1.4 Grounding

A grounding lug is located on the rear panel, near the power entry module. Use
heavy ground wire, wire braid, or copper strap of #12 AWG or larger to connect this
grounding lug directly to a facility protective earth ground to provide additional
protection against electrical shock. See Figure 4-3 on page 4-10.
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1.5 Line Fuses

There are two 5 x 20 mm fuses mounted inside the power entry module. They are
accessible via the snap-in cover. Replace with the correct fuse rating: IEC T Type
(Slow), 4/10 A, 250 V(ac). See section 4.2.6 on page 4-2 for instruction to replace
the fuse.

1.6 Power Switch

A WARNING - Risk Of Electric Shock

Do NOT use the power switch as a disconnecting device;
disconnect the power cord from the power entry module
to fully remove hazardous voltage from inside the TM
monitor.

The power switch is located on the front of the TM monitor. The switch is a toggle
type, marked with | and O. The | (on) position applies the power to the instrument.
The O (off) position cuts off the power to the instrument. However, turning the
power switch off does not fully remove the AC power from inside the instrument.

Always disconnect the power cord from the power entry module to fully remove AC
power from inside the instrument.

IPN 178800 Rev. B
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Chapter 2
General Description

2.1 Introduction

The Thickness Monitor allows improved manual control of the vacuum film
deposition process by providing a direct display of film thickness and deposition
rate during deposition.

Semiautomatic control of film thickness can be accomplished by utilization of the
shutter control relay in the Monitor. The shutter control relay allows for direct
operator control of the systems shutter and will also automatically close the shutter
when the deposition thickness equals a pre programmed value.

The Monitor requires 4 (6 in a TM-400 using crystal switching) operator-supplied
parameters in order to provide direct readout and shutter control. Entry,
modification and display of these parameters are easy and straightforward.
Parameter storage is not dependent on continuous AC power. An internal,
self-charging, lithium battery provides parameter storage for a minimum of five
years without external power.

2.2 Features
2.2.1 Independent Film Density and Tooling Factor Parameters

The tooling factor parameter allows the Monitor to compensate for deposition
geometry effects such as different source to sensor and source to substrate
distances, which result in proportional but not equal film thicknesses at the sensor
and the substrates. By utilizing the tooling factor, the Monitor can calculate and
display film thickness and rate at the substrate rather than at the sensor.

2.2.2 Acoustic Impedance Correction

The Monitor corrects the thickness reading for acoustic impedance mismatch
between the crystal and film material by taking into account the operator supplied
Acoustic Impedance Parameter for the film. If not corrected for, errors result as the
film thickness builds up on the sensor crystal. The sensitivity of quartz crystals to
material buildup changes with the amount of material on the crystal if the deposited
material's acoustic impedance is significantly different than that of quartz. With
some materials this effect can lead to differences between indicated and actual
thickness of up to 20% as material builds up on the sensor crystal.
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2.2.3 Parameter Display
The Film Density, Tooling Factor, and Acoustic Impedance parameters are instantly
viewable on demand for quick reference at any time.

2.2.4 High Resolution Autoranged Display

All parameter displays and Rate and Thickness displays are fully auto ranged. Rate
measurements are displayed to resolution of 0.1 A/sec, and thickness to a
resolution of 1 A.

2.2.5 Long-Term Parameter Storage

Parameters entered into the Monitor are maintained in memory for a period of at
least five years without power. Short-term power loss will not require parameters to
be re-entered.

2.2.6 Multiple Computer Interfaces
Supports RS-232 (standard), RS-485, or IEEE-485.

2.2.7 Compact Case

Available in either a bench top model or with a standard (19”) rack mounting kit

2.2.8 DAC Output
Dual Digital-to-Analog converter outputs provide data for recording Rate and
Thickness data, simultaneously.

2.2.9 Multiple Crystal Frequencies

The Monitor is designed to accept 2.5, 3, 5, 6, 9, & 10 MHz sensor crystals and
nominal AC line voltages of 100 through 120 or 220 through 240 V(ac) at
50 to 60 Hz.

2.2.10 Built In Test

The Monitor incorporates built in test functions to guarantee its operational integrity
and to aid in fault isolation in the event of an internal failure.

IPN 178800 Rev. B
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2.2.11 Dynamic Measurement Update Rate

The Monitor utilizes a dynamic updating scheme where the update rate is
automatically varied from 0.5 to 10 measurement updates/sec depending on the
deposition rate. The update rate will increase for high deposition rates where fast
response is important. Conversely, the update rate will decrease for slow
deposition rates to maximize the measurement resolution.

2.2.12 Automatic Crystal Switching (TM-400 Only)

Allows the use of a dual sensor head so that upon crystal failure the instrument can
switch to a backup sensor to complete the film.

2.3 Specifications
2.3.1 Measurement

Frequency Resolution ........... 0.03 Hz @ 6.0 MHz (TM-400)
0.5 Hz @ 6.0 MHz (TM-350)
Mass Resolution. . .............. 0.375 ng/cm2 (TM-400)
6.0 ng/cm”2 (TM-350)
Thickness Accuracy .. ........... 0.5% + 1 count
Measurement Update Rate ....... Dynamically adjusted, 0.5 to 10 Hz
Display Update Rate ............ 10 Hz
Sensor Crystal Frequency ........ 25,3,5,6,9,10 MHz

2.3.2 Display

Thickness Display .............. Autoranging: 0.000 to + 999.9 KA
Rate Display. .................. Autoranging: 000.0 to + 999.9 A/sec
Frequency .................... 0,000,000.0 to 9,999,999.9 MHz

2.3.3 Computer Interfaces
RS-232 serial port standard
RS-485 serial port optional
IEEE-488 bus interface optional
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2.3.4 Program Parameters

Film Number. ... ...............

Tooling Factor#1 ...............
Tooling Factor #2 (TM-400 only) . ..
Primary Sensor (TM-400 only). . . ..

2.3.5 Input Capability

Discrete lInputs . . . ..............

2.3.6 Output Capability

Source ShutterRelay............

Sensor Shutter Relay. . ..........

Digital to Analog Converter ... ....

2.3.7 Other

Input Power Requirements. . . .....
FuseRating ...................
Operating Temperature Range. . . . .

Physical Size ....................

100 Programmable films

0.000 to 999.9 KA

0.1 to 99.99 gm/cm?®

0.50 to 59.99 x 10 gm/cm?/sec
10.0 to 999.9%

10.0 to 999.9%

1t0 2

TTL level inputs activated by a short across
the input pins (min 200 ms pulse): Start, Stop,
Film Number, Increase, Decrease

One Single Pole Single Throw Relay,
120 VA, 2A Max

(TM-400 only.) One Single Pole Single Throw
Relay, 120 VA, 2A Max

Rate and Thickness; 0 to 5 V(dc), 11 bit
resolution, 2 or 3 Decade range

100, 120, 200, 240 V(ac); 50/60 Hz; 25 watts
IEC T-Type (Slow), 4/10 A, 250 V(ac)
0 to 50°C

Instrument Case 3.47” H x 8.4” W x 9.7"D
19” Rack-mount case 3.47"H x 19" W x 9.7” D

IPN 178800 Rev. B
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2.4 Accessories

Table 2-1 Accessories

Part Number Description
179217 IEEE-488 Communication Board
179219 RS-232 to RS-485 conversion
123200-5 SH-102 Sensor Head, cables, and carousel of 10 each 6 MHz
Gold SC-101 sensor crystals
124201-4 S0-100 Oscillator with 6" and 10' BNC Cables.
130200-2 IF-111 Instrument Feedthrough, 1" o-ring with 1 electrical
connector and dual 3/16" water tubes.
130204-2 IF-276 Instrumentation Feedthrough, 2 3/4" ConFlat® Flange
seal with 1 electrical connector and dual 3/16" water tubes.
150902 SF-120 Combination Sensor Head, Feedthrough, Cables,
Crystals and Oscillator.
123204-1 Internal Coax Cable 30".
123204-2 Internal Coax Cable 60".
124202-1 BNC Cable Assembly 10'.
124202-2 BNC Cable Assembly 20’
124204 BNC Cable Assembly 6".
103220 SC-101 Carousel of 10 each 6 MHz gold sensor crystals.
103221 SC-102 Carousel of 10 each 6 MHz silver sensor crystals.
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Chapter 3
Unpacking and Inspection

3.1 Introduction

Carefully inspect your Monitor and its shipping container for evidence of possible
shipping damage or loss. If such evidence is present, a report should be filed with
the carrier as soon as possible. Keep the shipping container as evidence if shipping
damage is present or for possible future return of the instrument. Check the
material received against the packing list to be certain that all material is accounted
for. The following items are included with your Monitor:

+ 1 TM-350/400 instrument

+ 1 Operator's Manual

+ 1 Power cord

+ 1 Output cable (8 pin mini-din, 10")

+ 1 Input cable, (6 pin mini-din, 10’) optional

+ 1 DAC interface/control unit, optional

3.2 Bench Check-Out

If there is no evidence of damage, the Monitor can now be bench checked. Make
sure that the input power voltage requirement is correct for your installation. If not,
see section 4.2.6 on page 4-2 to set your Monitor for the correct line voltage.

When power is first applied to the Monitor, all LED displays will light for about two
seconds. This is followed by an "E FAIL" message indicating that the EPROM is
being tested followed by an "I FAIL" message indicating that the RAM is being
tested. The monitor will halt with the failure displayed if a fault is detected and will
remain inoperative until the fault is corrected. Further details of error messages can
be found in section 11.3 on page 11-2.

Assuming both tests pass, the "P FAIL" message will begin flashing indicating that
power was interrupted for more than 250 ms. Pressing the Stop key will clear the
"P FAIL" message. If a working sensor is not connected to the monitor, a flashing
"O FAIL" will be displayed indicating that the sensor is failed. If an oscillator,
feedthrough, and sensor head are available, you may wish to bench check the total
system at this time. Obviously good vacuum practice should be observed when
handling those items that will later be installed in the vacuum system. Be careful
not to touch the surface of the sensor crystal installed in the Crystal Holder.
Connect the various components as follows. Use the 10' coaxial cable to connect
the Monitor to the "Output" end of the Oscillator. Use the 6" coaxial cable to connect
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the "Input" end of the Oscillator to the atmosphere side of the Feedthrough. Use
the 30" miniature coaxial cable to connect the vacuum side of the Feedthrough to
the Sensor Head.

Atfter all the components have been connected, press the STOP button to clear the
"O FAIL" message.

Depressing the START button will set the thickness display to zero. Breathe lightly
on the sensor crystal surface. The displayed thickness should increase due to
condensed water vapor on the crystal. The "O FAIL" message may be reactivated
if excessive water on the crystal causes it to fail. Pressing the Stop key after
sufficient water has evaporated from the surface of the crystal should clear the
failure. The displayed thickness should then decrease as additional water vapor
evaporates from the surface. If operation seems abnormal, check to see that the
stored parameter values are reasonable. The following parameter values are
suggested.

+ Set Point Thickness — 10.00 KA

+ Material Density — 2.650 gm/cubic cm
+ Acoustic Impedance — 8.830

¢ Tooling Factor — 100.0%

If everything responds as described above the total system is OK. If not, see
Chapter 11, Repair and Maintenance.

3.3 Installing Options

Options are most easily installed while the TM-350/400 is on the bench. Figure 3-9
on page 3-12 shows the location of the various options.

3.3.1 IEEE-488 Option Board

1 Remove the chassis top cover.

2 Locate IEEE-488 option slot and remove the slot cover.

3 Carefully slide the connector of the IEEE-488 board into the slot.
4

Plug the 20-pin ribbon connector into the J7 connector on the Main board, and
then secure the board in place using the screws that came with the board.

5 Replace the chassis top cover and apply power to the monitor.

IPN 178800 Rev. B
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3.3.2 RS-485 Option

1 Remove the chassis top cover.

2 Locate the IC socket labeled U1. It is on the left side along the back of the
TM-350/400’s main board. Remove the device from this socket. This will
disable the standard RS-232 interface.

3 Carefully insert the supplied IC labeled "U2 RS485” into socket U2, being
careful no to bend any of the pins. It is on the left side along the back of the
TM-350/400’s main board.

4 Carefully insert the supplied IC labeled "U4 RS485” into socket U4, being
careful no to bend any of the pins. It is on the left side along the back of the
TM-350/400’s main board.

5 Insert the supplied yellow jumper across J22, which is on the left side along the
front of the main board. See Figure 3-9 on page 3-12.

6 Replace the chassis top cover.

3.4 Digital To Analog Converter (DAC) Checkout

The built-in DAC function on the Main board contains two converters, allowing
simultaneous recording of Rate and Thickness. The full-scale output of each
converter is 5 volts, is single ended and is referenced to ground.

In addition to the individual channel output pins there are two control pins that are
common to both channels and are intended to simplify the process of setting up
analog recorders. Connecting the Zero control line to ground will drive both channel
outputs to zero, allowing the recorder zero reference to be easily set. Releasing the
Zero line and connecting the Full Scale line to ground will drive both channel
outputs to full scale for establishing the recorder full scale calibration.

Each channel can be set independently to convert either the two or the three least
significant digits of the displayed Rate and Thickness to a proportional analog
signal, corresponding to the DAC setup option chosen. With the three-digit setting,
a thickness of 0.500 KA would result in an analog output of 2.50 volts, or a scale
factor of 5 mV/A. If more resolution is desired, either channel can be configured,
using the switches shown in Figure 3-9 on page 3-12, to convert only the last two
digits of the parameter, thus the analog output would achieve full scale at 99 A. The
output scale factor in this configuration is 50 mV/A.

The above scale factors are based on the assumption that the thickness display is
in the 0 - 9.999 KA range. Because the thickness and rate displays are
autoranging, the analog output of these variables will also autorange. In the above
example, if the thickness were in the range of 10 KA to 99.9 KA, the analog scale
factor would be 50 mV per 10 A, also ten times larger.
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Figure 3-4 Output Connector
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Table 3-1 Output Connector Pin Assignments

Pin Number

Signal

1

Sensor Shutter, Normally Closed

Source Shutter, Normally Closed

Sensor Shutter, Normally Open

Source Shutter, Normally Open

Not Connected

Sensor Shutter, Common

Source Shutter, Common

O | N~ WDN

GND
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Figure 3-5 Input Connector
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Table 3-2 nput Connector Pin Assignments

Pin Number Signal

1 Start

Stop

Film Number

Decrease

2
3
4 Increase
5
6

GND

IPN 178800 Rev. B
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Figure 3-6 IEEE-488 Connector

13 24
K 2
Table 3-3 |IEEE-488 Pin Assignments

Pin Number Signal
1 DATA I/O 1
2 DATA I/O 2
3 DATAI/O 3
4 DATA I/O 4
5 End Or Identify
6 Data Valid
7 Not Ready For Data
8 Data Not Accepted
9 Service Request
10 Interface Clear
11 Attention
12 Shield or Wire GND
13 DATAI/O 5
14 DATAI/O 6
15 DATAI/IO7
16 DATAI/O 8
17 Remote Enable
18 GND
19 GND
20 GND
21 GND
22 GND
23 GND
24 Logic GND
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Figure 3-7 D9S DTE Rear-panel RS-232 male connector

10 0 O O 05
g0 O O Og

Table 3-4 D9 Rear Panel RS-232/RS-485 Connector Pin Assignments

Pin Signal
Number RS-232 RS-485
1 Not used Rx- Input
2 Tx Output Rx+ Input
3 Rx Input Tx+ Output
4 Not used Tx- Output
5 GND GND
6 Not used CTS- Input
7 CTS Input CTS+ Input
8 RTS Output RTS+ Output
9 Not used RTS- Output

IPN 178800 Rev. B
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Figure 3-8 DAC socket connector

Table 3-5 DAC System Interface Connector Pin Assignments

Pin Number

Signal

1

Thickness

Thickness Return

Rate

Rate Return

Zero Scale Input

Full Scale Input

N[ oo~ W|DN

Scale Input Return
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Chapter 4
Monitor Installation

4.1 Monitor Installation Precautions
4.1.1 Proper Grounding

The Monitor was designed to operate in electrically noisy environments. In many
cases no special grounding precautions will be required. Where noise susceptibility
is suspected, use a short length of wire, wire braid or copper strap is
recommended, to connect the Monitor to the equipment on which, or in which, the
instrument is mounted. Use the grounding lug provided on the back of the Monitor
for this purpose. If trouble still persists, make sure that the equipment on which the
Monitor is mounted, or the equipment rack in which the instrument is mounted is
adequately grounded to the vacuum frame. Use short copper straps or braid. It is
a good idea to use several grounding straps attached to widely separated points
on the vacuum system and equipment frame in order to minimize the inductance
of the ground path. See Figure 4-3 on page 4-10 for recommended grounding
method.

4.1.2 Heat Dissipation

Your Monitor dissipates very little heat. Nonetheless, the heat that is generated
must be allowed to dissipate or the Monitor will overheat. Most of the heat
generated in the Monitor is routed to the rear panel that is cooled by convection and
radiation. Make sure that there is adequate clearance around the instrument to
allow airflow. If the instrument is mounted in an enclosure, make sure that the
airflow is enough to maintain a maximum temperature environment of 50 degrees
centigrade for the Monitor. Overheating of the Monitor will ultimately cause
functional failures and may cause permanent failures.

4.2 Rear Panel Connections
4.2.1 Oscillator Connector(s)

A BNC connector is provided on the rear panel of the TM-350, and 2 BNC
connectors on the TM-400, for connection to the sensor oscillator. The Monitor's
oscillator input buffer is designed to operate with coaxial cable of 50. impedance.
Cable lengths up to 100 feet may be installed using RG-58 cable or an equivalent.
Cable lengths longer than the 10-ft. length supplied are available upon request.
See Chapter 5 for installation instructions.
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4.2.2 IEEE-488 Option Board (optional)

The optional IEEE-488 interface provides the TM-350/400 with the ability to
communicate with computers and other devices over a standard IEEE-488
interface bus. Figure 3-6 on page 3-9 shows the connector and Table 3-3 on page
3-9 shows the signal assignments.

4.2.3 Digital To Analog Converter (DAC) Connection

The Digital-to-Analog Converters are interfaced via a 7-pin, circular mini DIN
connector. The mating connector is a CINCH MDX-7PI or equivalent. Figure 3-8 on
page 3-11 shows the DAC connector and Table 3-5 on page 3-11 shows the signal
assignments.

4.2.4 Remote TTL Inputs

A short across the input pins activates TTL level inputs. The pins must be shorted
for a minimum of 200 ms or else the monitor will consider it unintentional and ignore
it. Provides for remote activation of the Start, Stop, Film Number, Increase and
Decrease function keys. Figure 3-5 on page 3-8 shows the connector and Table
3-2 on page 3-8 shows the signal assignments.

4.2.5 Relay Outputs

The Source Shutter output is an isolated, SPST, normally open relay, rated at 120
VA, and 2A max. The Sensor Shutter (TM-400 only) output is an isolated, SPST,
normally open relay, rated at 120 VA and 2A max Figure 3-4 on page 3-7 shows
the connector and Table 3-1 on page 3-7 shows the signal assignments.

4.2.6 Line Voltage Selection and Fuse Replacement

The TM-350/400 is compatible with AC line voltages of 100 through 120 or 220
through 240 V(ac) at 50 to 60 Hz. The two line fuses are IEC T Type (Slow),
4/10 A, 250 V(ac). To select the line voltage or to replace the fuses, see Figure 4-1
on page 4-3 and follow the steps below.

IPN 178800 Rev. B
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Figure 4-1 Power Entry Module

4-Yoltage selection
selection slot
wheel

/1\ WARNING - Risk Of Electric Shock

To avoid electrical shock or personal injury, disconnect
the power cord before opening the cover on the power
entry module.

1 Disconnect the power cord from the power entry module.

2 Using a medium flat-tip screwdriver or similar tool, open the cover on the power
module exposing the two fuses and the voltage selection wheel.

3 Insert the tool into the voltage selection slot and remove the wheel from the
module.

4 Select the desired voltage. Replace the wheel back into the module.

5§ If fuse replacement is needed, pull out the fuse holders. Check and replace
fuse(s) with the correct type. Replace the fuse holders back into the module.

6 Close the module cover, making sure the selected voltage shows through the
window.
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4.3 Internal DIP Switches

On the back of the display board (shown in Figure 3-9 on page 3-12) are 2 DIP
switch packs:

+ S1’s switches control Crystal Frequency selection and Computer Interface
Address settings.

+ S16’s switches control the DAC scale, enable/disable negative thickness
readings in the Rate and Thickness displays, allow/disallow crystal switching to
a failed sensor input, allow the source shutter to pulse close (on) for 1 second
once thickness endpoint is reached, and on the TM-400 allows single sensor
input mode.

A WARNING - Risk Of Electric Shock

Under no circumstances should the Monitor cover be
removed without first removing the line voltage cord, as
dangerous voltages are present inside the case.

To make any changes to these settings, first remove the cover as described in
section 4.4 on page 4-8. Once your changes have been made, replace the cover
and restore power to the Monitor. Changes will take effect only after the instrument
has been restarted.

4.3.1 Crystal Type Selection

The Monitor is compatible with 2.5, 3, 5, 6, 9, and 10 MHz sensor crystals. The DIP
switch pack S1 is used to set the Monitor for the particular sensor crystal frequency
to be used. As shipped the Monitor is set up for a 6 MHz sensor crystal. To
reconfigure the monitor for any other frequency, the switches 1, 2, and 3,
respectively, on the front panel need to be set as shown in Table 4-1.

Table 4-1 Setting the Frequency

Frequency S/SEL 1 S/SEL 2 S/SEL 3
25 OFF OFF OFF
3 ON OFF OFF
5 OFF ON OFF
6 ON ON OFF
9 OFF OFF ON
10 ON OFF ON

IPN 178800 Rev. B



IPN 178800 Rev. B

, @ TNFICON
TM-350/400 Operating Manual

4.3.2 Computer Interface Address

The TM-350/400 allows for computer interfaces between 1 and 32 for RS-485 and
IEEE-488 communications. As shipped the Monitor is set up for an interface
address of 1. To reconfigure the monitor for any other interface address, switches
4,5, 6, 7, and 8, respectively, of S1 need to be set as shown in Table 4-2.

Table 4-2 Reconfiguring Monitor for Other Interface Address

Interface Address S/SEL4 | S/SEL5 | S/SEL6 | S/SEL7 | S/SEL 8
1 OFF OFF OFF OFF OFF
2 ON OFF OFF OFF OFF
3 OFF ON OFF OFF OFF
4 ON ON OFF OFF OFF
5 OFF OFF ON OFF OFF
6 ON OFF ON OFF OFF
7 OFF ON ON OFF OFF
8 ON ON ON OFF OFF
9 OFF OFF OFF ON OFF
10 ON OFF OFF ON OFF
11 OFF ON OFF ON OFF
12 ON ON OFF ON OFF
13 OFF OFF ON ON OFF
14 ON OFF ON ON OFF
15 OFF ON ON ON OFF
16 ON ON ON ON OFF
17 OFF OFF OFF OFF ON
18 ON OFF OFF OFF ON
19 OFF ON OFF OFF ON
20 ON ON OFF OFF ON
21 OFF OFF ON OFF ON
22 ON OFF ON OFF ON
23 OFF ON ON OFF ON
24 ON ON ON OFF ON
25 OFF OFF OFF ON ON
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4.3.3 DAC

Table 4-2 Reconfiguring Monitor for Other Interface Address (continued)

Interface Address S/SEL4 | S/SELS5 | S/ISEL6 | S/ISEL7 | S/SEL 8
26 ON OFF OFF ON ON
27 OFF ON OFF ON ON
28 ON ON OFF ON ON
29 OFF OFF ON ON ON
30 ON OFF ON ON ON
31 OFF ON ON ON ON
32 ON ON ON ON ON

The TM-350/400 has two DAC output channels. One output is for rate and one is
for thickness. Each DAC channel has a selectable range, which is used to convert
the appropriate display to a 0 to 5-volt analog signal (for more information, see
section 7.8 on page 7-4).

4.3.4 Disable Negative Thickness/Rate Readings

While S16 switch 3 is on, the TM-350/400 will ignore all negative rate or thickness
readings and display these values as 0. Once the monitor measures a positive
change, it will begin displaying the current values in real time. Turning S16 switch
3 off disables this feature.

4.3.5 Allow Crystal Switching to a Failed Sensor (TM-400 Only)

By default, while in the deposit state, the TM-400 will check the state of the backup
sensor before an automatic crystal switch. If the backup sensor failed, the monitor
will keep the primary sensor active, and display an O-Fail error. With S16 switch 4
in the on position, the TM-400 can switch to a failed backup sensor, and still display
an O-Fail error. This can be helpful if the process requires an output to be active on
crystal failure.

4.3.6 Pulse Switch At Thickness Endpoint

While S16 Switch 7 is set on, the source shutter pulses closed (on) for 1 second
once the thickness endpoint is reached. As opposed to the standard operation
where the source shutter relay turns on after pressing Start and remains on until
the endpoint thickness is reached.

IPN 178800 Rev. B
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4.3.7 S16 Switch Settings

Table 4-3 S16 Switch Settings

Switch #| State |Description
1 ON/OFF |DAC Rate Range Select Bit 0 (Refer to DAC Table below).
2 ON/OFF |DAC Thickness Range Select Bit 0 (Refer to DAC Table below).
3 ON Ignores all negative rate or thickness readings and displays
these values as 0.
OFF Disables above feature.
4 ON The TM-400 can switch to a failed back-up sensor, and still
display an O-fail error.
OFF Disables above feature
5 ON/OFF |DAC Rate range Select Bit 1 (Refer to DAC Table below).
6 ON/OFF |DAC Thickness range Select Bit 1 (Refer to DAC Table below).
7 ON Allows the source shutter to pulse close for 1 second once the
thickness endpoint is reached.
OFF Disables above feature and uses standard operation
8 ON Disable Sensor #2
OFF Normal dual sensor operation

4.3.8 DAC Range Settings

Table 4-4 DAC Range Settings

@ TNFICON

DAC Range
Thickness Rate Range
Bit 1 Bit 0 Bit 1 Bit 0
(Switch 36) (Switch #2) (Switch #5) (Switch #1)

OFF OFF OFF OFF 99
OFF ON OFF ON 999
ON OFF ON OFF 5000
ON ON ON ON 9999

For more detail information on the DAC, see section 7.8 on page 7-4.




@ TNFICON ,
TM-350/400 Operating Manual

4.4 Monitor Cover Removal

/&\ WARNING - Risk Of Electric Shock

Under no circumstances should the Monitor cover be
removed without first removing the line voltage cord, as
dangerous voltages are present inside the case.

& CAUTION - Static Sensitive Device

To prevent damage to internal components by means of
electrostatic discharge (ESD), wear a grounded
anti-static wrist strap.

Five screws located on the top of the instrument and 1 screw on the rear panel
secures the cover of the Monitor. Remove the 6 screws, and slide the top cover
toward the rear.

To reinstall the cover, slide it into the groove created by the front and side panels,
then replace the screws.

/&\ WARNING - Risk Of Electric Shock

To avoid electrical shock or personal injury, do not
operate the monitor without its cover installed in place.

IPN 178800 Rev. B
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Figure 4-3 Recommended Grounding Method

1. As shown, sink two grounding
rods into the earth approximately
six feet apart. Locate these rods
as close as possible to the
vacuum cabinet.

2. Measure the resistance
between the rods. If the
resistance is greater than

3 Ohms, consult an Electrician
specializing in grounding
systems. If the resistance is

3 Ohms or less, connect a length
of copper grounding strap to the
system’s central grounding point,
which should be somewhere on
the vacuum system.

3. Silver solder the other end of
this grounding strap to the rods.
DO NOT rely on mechanical
connections.

Bolt copper strap to the
ground lug of the TM
monitor.

Star Washers are
recommended to be use
in between the front panel
mounting angles and the
rack. The star washers
will cut through the paint
providing four additional
ground points between
the TM and the instrument
rack.

System Grounding Point
Bolt copper straps to
clean, bare metal.

Copper Straps should be
as wide as practical,
preferably a 1” copper
sheet or a 1” braid.

Building Floor

Grounding Rods, 6 ft.
apart Copper-clad steel,
%" dia. x 8 ft. (minimum)

IPN 178800 Rev. B



IPN 178800 Rev. B

, @ TNFICON
TM-350/400 Operating Manual

Chapter 5
Sensor, Feedthrough and Oscillator

5.1 Sensor Head Description

The Sensor head is designed for simple installation and easy crystal replacement.
It consists of two parts: a water-cooled 304 stainless steel housing which is
permanently positioned in the vacuum system, and a quickly removable gold plated
304 stainless steel crystal holder which snaps into the housing. The crystal holder
accommodates an industry standard 0.550” diameter crystal.

This design provides several convenient features in performance and use. The
crystal holder is thermally shielded by the water-cooled housing insuring excellent
crystal performance in temperature environments up to 300 °C.

The exposed crystal electrode is fully grounded to effectively eliminate problems
due to free electrons and RF interference.

The crystal holder is easily removed and installed even in awkward location in the
vacuum system. Once removed from the housing, the crystal is still retained in the
crystal holder by a snap on retainer. The crystal can be easily replaced without
tools at a more convenient place, such as a clean bench.

The housing is provided with four tapped (4-40) holes for convenient mounting, 1/8”
diameter x 30” long inlet and outlet water-cooling tubes, and a coaxial connector.
The electrical connection to an instrumentation feedthrough is made with a 30”
coaxial cable. Both ends of the cable terminate with standard Microdot® S-50 type
connectors. Cable lengths up to 60” are available upon request with a
factory-modified oscillator.

5.2 Sensor Head Installation

The sensor head can be installed in any appropriate location in the vacuum
chamber, preferably more than 10 inches from the evaporation source. It can be
supported by its integral mounting bracket furnished with two #4-40 tapped holes.
The internal (vacuum) cable, supplied with the sensor kit, connects the sensor
head to the dual water/electrical feedthrough, to which the oscillator is attached.
The cable length from the sensor head to feedthrough connection should not
exceed 60 inches. Cable lengths in excess of 30 inches require a factory-modified
oscillator. Shield the sensor cable in the most expedient way possible to protect it
from radiation heat released from the evaporation source or the substrate heater.
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The water-cooling tube connects to the feedthrough by brazing or vacuum
couplings. If necessary, both cable and water lines may be wrapped in aluminum
foil to extend their useful life. The mounting tabs may be used to install a radiation
shield to specifically protect the Microdot connector and cable at its attachment
point to the head.

Water-cooling of the sensor head should always be provided except during short
depositions at low temperatures. In all cases, head-operating temperatures should
not exceed 100 °C. Sufficient cooling for thermal environment to 300 °C can be
provided by approximately 0.2 gallons per minute water flow.

Use a shutter to shield the sensor head during initial soak periods to protect the
crystal from any sputtering that may occur. If a small droplet of molten material hits
the crystal, the crystal may be damaged and oscillation will cease.

5.3 Instrumentation Feedthrough Installation

A 1-inch diameter, o-ring sealed feedthrough or a 2-3/4 inch ConFlat® flange seal
are available with 3/10 inch source and return water cooling lines and internal and
external coaxial cable connectors. Base plate thickness up to one inch can be
accommodated.

RF interference and free electrons are effectively shielded from the signal
connector through the use of fully closed coaxial cable connections. A standard
coaxial cable with a Microdot S-50 connector mates the internal feedthrough
connector to the sensor head. The feedthrough has a standard BNC connector for
the coaxial connection the sensor oscillator.

The feedthrough is installed in the vacuum chamber housing with the smaller
Microdot S-50 connector exposed to the vacuum chamber. The sensor head is
connected to the Microdot connector by a coaxial cable. This coaxial cable should
not exceed 60 inches. Connect the 6-inch coaxial cable to the feedthrough's
external BNC connector and the sensor oscillator's TRANSDUCER BNC
connector. Brazing or vacuum couplings may accomplish water line connections to
the feedthrough.

5.4 Sensor Oscillator Installation

The sensor oscillator was designed to be used with industry standard 6 MHz
sensor crystals. The oscillator’s characteristics enable it to obtain maximum life
from the sensor crystal.

The oscillator is supplied with a 6 inch coaxial cable and a 10 foot cable. The 6 inch
cable interconnects the oscillator and the feedthrough. The 10 foot cable
interconnects the oscillator and the TM-350/400. This single coaxial cable provides
both power for the oscillator and the signal output for the Monitor. Be careful to
route the cable away from any high voltage or RF lines and away from hot or
moving surfaces.

Cables of any length are available upon request for replacing the 10 foot cable.

IPN 178800 Rev. B
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Chapter 6
Sensor Crystal Replacement

6.1 Introduction

The Sensor Head is designed for easy sensor crystal replacement and reliable
operation. The crystal lies in a drawer that slides into the sensor housing. Pull the
drawer straight out of the sensor housing by gripping the drawer's edges between
thumb and forefinger. With the drawer removed, pull straight up on the retainer
spring clip and shake out the spent crystal. Drop a new crystal into the drawer with
the full electrode side down and the pattern electrode side up. Make sure the
crystal is properly seated in the bottom of the drawer. Install the retainer clip by
gently pressing it onto the drawer. The retainer clip should snap into the drawer. All
three retaining legs must be fully engaged onto the drawer housing. Replace the
drawer into the sensor housing. The drawer should slide in easily and snap into
place.

Removal and replacement of sensor crystals should be performed in a clean
environment. An isolated clean workbench is recommended for crystal
replacement. To prevent crystal contamination use clean lab gloves or plastic
tweezers when handling the crystal and keep the new crystals in a closed plastic
case. When handling the drawer always hold it by the edges to avoid touching the
crystal surface.
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Chapter 7
Operation

7.1 Front Panel Displays

The TM-350 display consists of a 4 digit Thickness display, a 4 digit Rate display,
a Source Shutter LED, a Frequency LED, a Test LED, and a Sensor status LED.
The TM-400 also has a Sensor Shutter LED and a second Sensor Status LED.

When the Source Shutter LED is on, the Source Shutter relay is activated.

The tricolor Sensor Status LED is Green when the sensor is good and is the active
sensor, yellow when the sensor is good and is the inactive sensor (on the TM-400
only), and red when the sensor is failed.

When the Sensor Shutter LED is on, the Sensor Shutter relay is activated.

The rate and thickness displays can display rate and thickness, active sensor
frequency or sensor 1&2 test values. The FREQ and TEST LED’s indicate what
values are being displayed and the Display key increments to the next display
value. If the FREQ and the TEST LED’s are both off, the Rate and Thickness
displays show Rate and Thickness, respectively. If the FREQ LED is on, the rate
display shows the frequency of the active sensor in MHz and the thickness display
shows the remaining digits of frequency in hertz. If the Test LED is on, the first digit
of the Rate display shows the current frequency setting (2=2.5, 3=3.0, 5-5.0, 6=6.0,
9=9.0 or 1=10.0 MHz). The next digit is a dash [-] where a blinking dash indicates
the active sensor. For the TEST display, the last two digits of the rate shows the
crystal health for Sensor 1. The TM-400, will show the same information for Sensor
2 in the Thickness display.

7.2 Front Panel Controls

The front panel controls are made up of fourteen keys, which are arranged in three
groups. The first group of six keys, on the left side of the front panel, are the
operating keys. In this group you will find the Start, Stop, Shutter, Display, Film
Number and Sensor Swap (TM-400 only) keys. The second group of two keys in
the center of the front panel are the Modify up and Modify down keys which are
used to change parameter values and the active film number. The third group of six
keys on the right side of the front panel are the parameter keys. These keys are
used for the display and modification of parameters which is described in section
7.3 on page 7-2.

The following describes the function of the operating keys:
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Start Key

Sets the thickness display to zero, opens the source shutter and sets the active
crystal equal to the primary crystal for the current film.

Stop Key
Closes the source shutter. Also used to clear failures such as P FAIL, O FAIL, etc.

Shutter Key
Toggles the source shutter relay output.

Display Key

Switches the rate and thickness displays between Rate and Thickness, Frequency
and TEST display modes

Film Number Key

Used to display and modify the current film number. When pressed, the current film
number is displayed in the rate display and is changed by pressing the Modify up
and Modify down keys. Each film can be individually programmed by setting the
film number and programming as described in section 7.3.

NOTE: Any failures must be cleared in order to advance to the next film.

Sensor Swap Key (TM-400 only)

Toggles the active sensor between sensor 1 and sensor 2. The Sensor shutter will
also toggle so that it is closed when sensor #2 is the active sensor and open when
sensor #1 is the active sensor. Use this key with caution because you can switch
to a failed sensor during a deposit thereby aborting the run and causing and "O
FAIL" message.

7.3 Display and Modification Of Parameters

Display of the parameter values stored in the monitor is accomplished by pressing
the corresponding parameter's key. The value of the parameter is displayed in the
Thickness display and the current film number is displayed in the Rate display. The
parameter is displayed as long as the parameter key or a Modify key is pressed
and is held for about 3 seconds once the keys are released. When displayed, the
value of the parameter can be modified by pressing the Modify up and Modify down
keys. The parameter key needs not be simultaneously pressed with the Modify up
or Modify Down keys. If a Modify up or down keys is kept depressed, the rate at
which the parameter changes gradually increases. Thus the longer the key is kept
depressed the faster the parameter changes. When the key is released and then
depressed again the rate returns to its initial slow value. With a little practice this
allows parameters to be set to the necessary accuracy while keeping the time to
go from one extreme value to another within reasonable limits.
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The Modify up and Modify down keys are only active when a parameter is being
displayed. The parameters may be changed before, during, and after a deposition.
Only during a failure condition will the parameters be viewable but unchangeable.

7.4 Thickness Set Point Shutter Control

The TM-350 and the TM-400 provide a single shutter set point. The Thickness
Endpoint parameter establishes the film thickness at which the shutter will close.
As described above, depressing the START key zeros the Thickness Display and
opens the source shutter. The shutter is then automatically closed when the
thickness equals or exceeds the Thickness Endpoint parameter (unless S16
switch 7 is ON, in which case the shutter relay will activate for one second when
the Thickness Endpoint is reached.) If auto control of the shutter is not desired the
Thickness End Point parameter can be programmed at a value much greater than
can reasonably be achieved.

7.5 Crystal Test Display

To view the crystal test display, press the Display key until the TEST LED is
illuminated. With the Test display, the first digit of the Rate display shows the
current frequency setting (2=2.5, 3=3.0, 5-5.0, 6=6.0, 9=9.0 or 1=10.0 MHz). Refer
to section 4.3.1 on page 4-4 to change the crystal type. The next digit is a dash [-]
where a blinking dash indicates the active sensor. The last two digits of the rate
show the crystal health for Sensor 1. Crystal health is indicated as a percentage of
crystal life remaining. A new crystal will have a health of 98 to 99%. The health
decreases as material is deposited on the crystal sensing surface.

The TM-400, will show the same information for Sensor 2 in the Thickness display.

Pressing the Display key again, until both the FREQ and the TEST LED’s are off,
will change the display back to rate and thickness. Displaying the Test function
does not affect the normal operation of the Monitor. In particular, both Thickness
and Rate continue to be calculated and the normal operation of the Thickness
Endpoint is not affected.

7.6 Crystal Fail Indication

As material builds up on the sensor crystal, a point will be reached at which the
crystal will no longer be able to support oscillation. At this point the crystal has
failed. The TM-400 will automatically switch to the backup sensor/crystal upon a
crystal failure and continue on from the last valid thickness. However, with the
TM-350 or if the backup sensor is failed, the monitor will indicate the crystal failure
by alternately flashing an "O FAIL" message with the normal display. The normal
display can still be changed using the Display key so that the last valid thickness
before the failure can be recorded. The source shutter closes and the Source
Shutter Indicator LED is turned off.
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Correcting the cause of the failure then pressing the Stop key clears a crystal
failure.

A crystal that has failed should be replaced. For obvious reasons crystals should
normally be replaced well before they are likely to fail. See Chapter 6 for the
procedure on replacing failed crystals.

7.7 Power Fail Indication

The Monitor is designed to tolerate short duration power failures of less than 250
milliseconds. During a deposition, if the power is disrupted for less than 250
milliseconds, there is no disruption to the deposition. However, if the power is
disrupted for more than 250 milliseconds, the deposit is terminated. And, because
the Monitor is designed for possible unattended operation it does not reopen the
source shutter if the power returns a process disruption of this duration could
seriously affect the deposition. Instead the Monitor retains the value of the film
thickness at the time of power failure and flashes the "P FAIL" message to indicate
to the operator that power was down during their absence. The operator then has
the option of continuing the deposition if desired by restarting the Monitor.

7.8 DAC Operation

The monitor has one rate and one thickness DAC output, which are suitable for
recording with a strip chart recorder or other recording device. Each DAC has a
selectable range which is used to convert the appropriate display to a 0 to 5-volt
analog signal. The four available DAC ranges are selected by setting the S16
dipswitch array on the TM's front panel PWB. The default setting is 99 for both
DAC's. To select a different range, unplug the TM, remove the top cover and
change the settings. The new settings will take affect once the TMis turned on. The
S16 DIP switch array also controls other features of the TM as listed in Table 7-1.

Table 7-1 S16 DIP Switch Features

Switch # |Description

1 DAC Rate Range Select Bit 0

DAC Thickness Range Select Bit 0

Disable negatives - Disables negative rate and thickness values

Switch to backup crystal even if backup is failed

DAC Rate Range Select Bit 1

DAC Thickness Range Select Bit 1

N[O~ WO|DN

Allows source shutter to pulse close (on) for 1 sec. once thickness endpoint
is reached.

8 Disable Sensor #2
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Both of the rate and the thickness DAC range selections work the same. Table 7-2
shows the settings to select one of the four the available ranges.

Table 7-2 DAC Range Settings

DAC Range
Thickness Rate Range
Bit 1 Bit0 Bit 1 Bit 0
(Switch 36) (Switch #2) (Switch #5) (Switch #1)

OFF OFF OFF OFF 99
OFF ON OFF ON 999
ON OFF ON OFF 5000
ON ON ON ON 9999

With the range set to 999, a thickness of 0.999 KA would correspond to an output
of 999/999x5 volts or 5 volts. A thickness of 0.900 would correspond to an output
of 900/999x5 volts or 4.5 volts. With the range set to 5000, a thickness of 1.000 KA
would correspond to an output of 1000/5000x5 volts or 1.0 volts.

To select between two or three digit conversion, a set of DIP switches (S16
switches 1 and 2) are provided on the back of the front panel. With J2 (Rate) or J3
(Thickness) installed (default), the DAC is set for three digit conversion. If the
jumper is removed, the DAC is set for two-digit conversion.
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Chapter 8
Theory of Operation

8.1 Basic Measurement

The TM-350/400 uses a quartz crystal as the basic transducing element. The
quartz crystal itself is a flat circular plate approximately 0.55 in. (1.40 cm) in
diameter and 0.011-0.013 in. (28-33 mm) thick for 6 and 5 MHz. The crystal
thickness is inversely proportional to the crystal frequency. The crystal is excited
into mechanical motion by means of an external oscillator. The unloaded crystal
vibrates in the thickness shear mode at approximately the frequency of the
specified crystal. The frequency at which the quartz crystal oscillates is lowered by
the addition of material to its surface.

8.2 Film Thickness Calculation

Early investigators noted that if one assumed that the addition of material to the
surface produced the same effect as the addition of an equal mass of quartz, the
following equation could be used to relate the film thickness to the change in crystal
frequency.

N_-P

TK; = —~=}(f,- 1) [1]
Pf. fz

where:

N, = Frequency constant for an “AT” cut quartz crystal vibrating in thickness
shear (Hz x cm).

N, =1.668 x 105 Hz x cm.

P, = Density of quartz g/em?®.

f, = Resonant frequency of uncoated crystal.
f = Resonant frequency of loaded crystal.
Tk = Film thickness.

f = Density of film g/cm3

This equation proved to be adequate in most cases, however, note that the
constant of proportionality is not actually constant because the equation contains
the crystal frequency, which of course changes as the film builds up. Because the
achievable frequency change was small enough, the change in scale factor fell
within acceptable limits.
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Improvements in sensor crystals and oscillator circuits resulted in a significant
increase in achievable frequency shift. Low cost integrated digital circuits became
available allowing a significant increase in basic instrument accuracy. As a result
of the above two factors, the frequency squared term in the scale factor became a
significant limitation on the measurement accuracy.

If the period of oscillation is measured rather than the frequency, 1/period can be
substituted for frequency resulting in the following equation.

N -P
TK, = —‘1—°le (t—tg) 2]

where:
t = Period of loaded crystal (sec.)
ty = Period of uncoated crystal (sec.)
NOTE: Units of are cm/sec.

NOTE: The constant of proportionality in this equation is constant. This
approach was demonstrated to be a significant improvement over
frequency measurement and was widely adopted.

The original assumption that the addition of a foreign material to the surface of the
crystal produced the same effect as that of the addition of an equal mass of quartz
was of course, questionable and indeed work with crystals heavily loaded with
certain materials showed significant and predictable deviation between the actual
measured film thickness and that predicted by equation 2. Analysis of the loaded
crystal as a one-dimensional composite resonator of quartz and the deposited film
led to the equation below:

TK; = (%1‘) .Nq . (ﬁ) . arctan[RZtann(%)} [3]

where:

R, is referred to as the Acoustic Impedance Ratio and is obtained by dividing
the acoustic impedance of quartz by the acoustic impedance of the deposited
film.

This equation introduces another term into the relationship, which is the ratio of the
acoustic impedance of quartz to the acoustic impedance of the deposited film. The
acoustic impedance is that associated with the transmission of a shear wave in the
material. Note that if the acoustic impedance ratio is equal to one, quartz on quartz,
equation 3 reduces to equation 2.

Although the above equation still involves a number of simplifying assumptions, its
ability to accurately predict the film thickness of most commonly deposited
materials has been demonstrated.
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The use of microprocessors allows an equation as complex as equation 3 to be
solved economically and the above equation is implemented in the TM-350/400.

The basic measurement is period, which can be thought of as a measurement of
equivalent quartz mass.

The actual film mass on the crystal is then found by applying the acoustic
impedance correction factor.

At the beginning of the deposit, or when the thickness indication is zeroed, the
initial equivalent quartz mass and the initial corrected film mass are stored. For
each subsequent measurement the new corrected total film mass is calculated,
and the film mass deposited since the start of deposit is determined by subtracting
the initial corrected film mass from the total corrected film mass.

The film thickness on the crystal is calculated by dividing by the film mass by the
film density.

The film thickness on the substrates is then calculated by multiplying the film
thickness on the crystal by a tooling factor.

If the acoustic impedance parameter is changed following a deposition, both the
total and the initial film masses are recalculated. This allows the effect of the
changed parameter value to be immediately displayed and provides a relatively
straightforward method of empirically determining the acoustic impedance if it is
not available. See section 9.6.3 on page 9-4.

8.3 Crystal Health Calculation

Crystal Health decreases from a value of 100% for an uncoated crystal blank to 0
at a total deposited aerial mass of 25 mg/cm?. This value corresponds to a crystal
frequency shift of approximately 1.5 MHz, or an aluminum thickness of 925 KA.

Very few materials can be deposited to this thickness without producing a crystal
failure, so that a crystal health of zero will not normally be achieved and indeed for
some materials the crystal health may never get below 90%.

In order to establish the point at which the crystal should be changed, several trial
runs should be made to determine the point at which the crystal fails and
subsequent crystals should then be replaced well in advance of this point.

Because the crystal health is determined from the calculated film mass, the
Acoustic Impedance parameter will affect the displayed crystal health.
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8.4 Rate Calculation

The deposition rate is calculated by dividing the change in thickness between
measurements by the time between measurements. The rate is then filtered by a
three pole digital filter to filter out quantizing and sampling noise introduced by the
discrete time, digital nature of the measurement process. The above filter has an
effective time constant of about 2 seconds. Following a step the displayed rate will
settle to 95% of the final value in 5 sec.

IPN 178800 Rev. B
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Chapter 9
Establishing The Deposition Parameters

9.1 Introduction

The following is a guide to establishing the deposition parameters. Valid reasons
may occur to deviate from the recommendations and these reasons of course
would take precedence.

9.2 Tooling Factor

The Tooling Factor parameter compensates for geometric factors in the deposition
system, which result in a difference between the deposition rate on the substrates
and the rate on the sensing crystal. The TM-350 has only one tooling parameter for
its one sensor input. The TM-400 has two tooling parameters, one for each sensor.
Since they are in different locations, they most likely will require different values.

The tooling is entered in percent units and 100% corresponds to equal rates at the
substrate and at the sensing crystal. For initial approximation the tooling factor can
be calculated using the following equation:

2
Tooling% = (g_c - 100 [1]

where:

dc = Distance from the source to the crystal
ds = Distance from the source to the substrate.

Equation 1 assumes that the angle from normal between the source and sensor
and the source and substrate is zero. To account for the angle of the crystal and
the substrate, use equation 2:

. dc)? (cosd)s
0 - —_ . .| —L
Tooling% = ( 100 o [2]

where:

dc = Distance from the source to the crystal

ds = Distance from the source to the substrate.

dc = The angle of the crystal off of normal from the source.

¢s = The angle of the substrate off of normal from the source.

This equation assumes the crystal face is perpendicular to the source.

Empirical calibration of the tooling factor is described in section 9.6.2 on page
9-3.
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9.3 Sensor Number (TM-400 Only)

The Sensor Number parameter defines the primary sensor for the film, meaning
the sensor that the film will start with. This parameter is included because it is
desirable to use one sensor/crystal for one material and the other sensor/crystal for
the second material in a multi layer application.

9.4 Density

The Density parameter provides the Monitor with the density of the material being
deposited so that it can calculate and display the physical film thickness. If the film
density is known, it should be used. A list of the more commonly used film densities
is presented in Table 9-2 on page 9-4. As a first approximation, bulk material
density can be used in programming this parameter. Empirical calibration of this
parameter is described in section 9.6.1 on page 9-3.

9.5 Acoustic Impedance

The shear wave acoustic impedance of the deposited film is required by the
monitor in order to accurately establish the sensor scale factor when the sensor
crystal is heavily loaded. If the acoustic impedance of the film material is known, it
can be entered directly in units of 100,000 gm/sqg. cm sec. In most cases the
acoustic impedance of the bulk material can be used and can be obtained from the
Handbook of Physics or other source of acoustic data. The shear wave acoustic
impedance can be calculated from the shear modulus or the shear wave velocity
and the density by using the following equation:

acoustic impedance = PC = PG [3]
where:

P = Density (gm/cm3).

C = Transverse (shear) wave velocity (cm/sec).

G = Shear modulus (dynes/cm?).

A list of the acoustic impedance and density of the more commonly deposited
materials is presented in Table 9-2 on page 9-4, and a technique for empirically
determining this parameter is presented in section 9.6.3 on page 9-4.

In many cases, and particularly if the sensor crystal is not heavily loaded, sufficient
accuracy can be achieved by using the acoustic impedance of quartz:

8.83 X 100,000 gm/sq. cm sec. [4]
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9.6 Empirical Calibration

If the density and acoustic impedance of the film material is known, the values
should be entered into the monitor and a trial deposition should be made. If the
displayed thickness does not agree with an independently measured thickness, the
monitor should be calibrated as described below.

To calibrate the monitor, material density, tooling factor and acoustic
impedance must be established in that order. Approximate values should be
used initially. Table 9-2 on page 9-4 provides density of some materials, which
should provide guidance as to the approximate density. If the acoustic impedance
is unknown, use the value for quartz 8.83.

9.6.1 Material Density Calibration

1
2
3

Use a fresh sensor crystal.
Place test substrates as close as possible to the sensor crystal.

Make a trial deposition of sufficient thickness to permit adequate precision of
measurement by an independent measuring device.

Determine the average thickness on test substrates.

If the monitor's displayed thickness is lower than the measured thickness, push
the MATERIAL DENSITY key and then push the Modify down key. If the
displayed thickness is higher than the actual thickness, push the Modify up key.

The thickness will be displayed three seconds after the Modify key is released.
Check to see if the thickness displayed now equals the measured thickness. If
it does not, repeat the procedure step 5 until the displayed thickness agrees
with the measured thickness.

The programmed material density will now be correct for that particular
material. Record this value for future use.

9.6.2 Tooling Factor Calibration

1
2

Use a fresh sensor crystal

Place test substrates in a location which is representative of where the
production substrate will be located.

Make a trial deposition with the known material density as determined above.

Determine the average thickness on the test substrates with an independent
thickness measuring device.
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5

6

Alternating between the TOOLING FACTOR and the Modify up and Modify
down key, follow the procedure described in step 5 on page 9-3 except the
Modify down key is used to lower the displayed thickness to the actual
thickness and the Modify up key is used to raise the display thickness to actual
thickness. Continue until the displayed thickness agrees with the measured
thickness.

The Tooling factor should now be correct for the specific application measured.

9.6.3 Acoustic Impedance

1

2
3
4

5

Use a heavily loaded sensor crystal with a crystal health of about 75%.
Deposit on the sensor crystal until the crystal health approaches 50%.
Measure the actual thickness of the deposition.

Alternating between ACOUSTIC IMPEDANCE and the Modify up and Modify
down keys, follow the procedure described in step 5 on page 9-3 until the
displayed thickness agrees with the measured thickness. See Table 9-1.

This calibrates the acoustic impedance for the material being deposited.

Table 9-1 Calibration Adjustment

THICKNESS MATERIAL TOOLING ACOUSTIC
DENSITY FACTOR IMPEDANCE
Display is greater than actual Modify up Modify down Modify down
Display is lower than actual Modify down Modify up Modify up
Table 9-2 Density and Acoustic Impedance Values for Selected Materials
Material Symbol | Density Impedance
gmicm*2 | 10°5gm/(cm*2sec)
Aluminum Al 2.70 8.17
Aluminum Oxide Al203 3.97 26.28
Antimony Sb 6.62 11.49
Arsenic As 5.73 9.14
Barium Ba 3.5 4.20
Beryllium Be 1.85 16.26
Bismuth Bi 9.8 11.18
Boron B 2.54 22.70
Cadmium Cd 8.64 12.95
Cadmium Sulfide CdS 4.83 8.66
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Table 9-2 Density and Acoustic Impedance Values for Selected Materials (continued)

IPN 178800 Rev. B

Material Symbol | Density Impedance
gm/cm?2 | 10A5gm/(cm*2sec)
Cadmium Telluride CdTe 5.85 9.01
Calcium Ca 1.55 3.37
Calcium Fluoride CaF2 3.18 11.39
Carbon (Diamond) C 3.52 40.14
Carbon (Graphite) C 2.25 2.71
Chromium Cr 7.20 28.95
Cobalt Co 8.71 25.74
Copper Cu 8.93 20.21
Copper (I) Sulfide (alpha) Cu2S 5.6 12.80
Copper (1) Sulfide (beta) Cu2S 5.8 13.18
Copper () Sulfide CuS 4.6 10.77
Dysprosium Dy 8.54 14.72
Erbium Er 9.05 11.93
Europium Eu 5.244

Gadolinium Gd 7.89 13.18
Gallium Ga 5.93 14.89
Gallium Arsenide GaAs 5.31 5.55
Germanium Ge 5.35 17.11
Gold Au 19.30 23.18
Hafnium Hf 13.09 24.53
Holnium Ho 8.8 15.2
Indium In 7.30 10.50
Indium Antimonide InSb 5.76 11.48
Iridium Ir 22.40 68.45
Iron Fe 7.86 25.30
Lanthanum La 6.17 9.59
Lead Pb 11.30 7.81
Lead Sulfide PbS 7.50 15.60
Lithium Li 0.53 1.50
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Table 9-2 Density and Acoustic Impedance Values for Selected Materials (continued)

Material Symbol | Density Impedance
gm/cm?2 | 10A5gm/(cm*2sec)
Lithium Fluoride LiF 2.64 11.41
Magnesium Mg 1.74 5.48
Magnesium Fluoride MgF2 3.0 13.86
Magnesium Oxide MgO 3.58 21.48
Manganese Mn 7.20 23.42
Manganese (Il) Sulfide MnS 3.99 9.39
Mercury Hg 13.46 11.93
Molybdenum Mo 10.20 34.36
Nickel Ni 8.91 26.68
Niobium Nb 8.57 17.91
Palladium Pd 12.00 2473
Platinum Pt 21.40 36.04
Potassium Chloride KC 1.98 4.31
Rhenium Re 21.04 58.87
Rhodium Rh 12.41 42.05
Samarium Sm 7.54 9.92
Scandium Sc 3.0 9.70
Selenium Se 4.82 10.22
Silicon Si 2.32 12.40
Silicon (Il) Oxide Sio 2.13 10.15
Silicon Dioxide (fused quartz) SiO2 2.2 8.25
Silver Ag 10.50 16.69
Silver Bromide AgBr 6.47 7.48
Silver Chloride AgCl 5.56 6.69
Sodium Na 0.97 1.84
Sodium Chloride NaCl 217 5.62
Strontium Sr 2.620
Sulphur S 2.07 3.86
Tantalum Ta 16.60 33.70
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Table 9-2 Density and Acoustic Impedance Values for Selected Materials (continued)

Material Symbol | Density Impedance
gm/cm?2 | 10A5gm/(cm*2sec)

Tantalum (IV) Oxide Ta205 8.2 29.43
Tellurium Te 6.25 9.81

Terbium Tb 8.27 13.38
Thallium Tl 11.85 5.70

Tin Sn 7.30 12.20

Titanium Ti 4.50 14.06

Titanium (V) Oxide TiO2 4.26 22.07

Tungsten w 19.30 5417

Tungsten Carbide wC 15.60 58.48

Uranium 18.70 37.10

Vanadium \Y 5.96 16.66
Ytterbium Yb 6.98 7.81

Yttrium Y 4.34 10.57

Zinc Zn 7.04 17.18

Zinc Oxide ZnO 5.61 15.88
Zinc Selenide ZnS 5.26 12.23
Zinc Sulfide ZnS 4.09 11.39
Zirconium Zr 6.51 14.72
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Chapter 10
Computer Interface

10.1 General

The various computer interfaces of the INFICON TM-350/400 Deposition Monitors
permit complete remote control using a personal computer. There are three types
of computer interfaces offered. The TM-350/400 comes standard with an RS-232
serial interface. Both RS-485 and IEEE-488 interfaces are available as options.

10.2 RS-232 Serial Interface

The standard RS-232 serial interface of the TM-350/400 allows one monitor to be
connected to any other device with an RS-232 serial interface. The RS-232
interface port is the D9P connector on the rear panel of the monitor. The pin layout
is shown in Figure 3-7 on page 3-10 and Table 3-4 on page 3-10 lists pin signal
assignments, including a definition of whether the signal is an input or an output of
the TM-350/400.

The TM-350/400 acts as DTE, and accordingly the 9-pin connector has ‘plug’ pins.
It can be used with a DCE or a DTE host cable connection providing the sense of
the RxD/TxD data lines and the control lines is observed. Pin 2 “TxD’ transmits data
from the TM-350/400 to the host; pin 3 ‘RxD’ receives data from the host. Pin 7
‘CTS’ is a control output signal, and pin 8 ‘RTS’ is a control input signal.

In this implementation, pin 7 ‘CTS’ means what is says, namely, this is an output
control line, and when the TM-350/400 asserts this control line ‘true’ the host can
transmit to the TM-350/400. On the other hand, pin 8 ‘RTS’ is not quite what it may
seem because this is a signal input to the TM-350/400, and it is intended that the
host should assert this line ‘true’ only when the TM-350/400 is allowed to transmit
data to the host. The TM-350/400 does not generate an RTS ‘request-tosend’ as
such for the host PC, so the host should assert pin 8 true whenever the
TM-350/400 is allowed to transmit to the host, without being asked to do so.

The TM-350/400’s RS-232 port is automatically set up to operate with the following
specifications: 9600 Baud, 8 Bit data, No Parity, 1 Stop bit

10.3 RS-485 Serial Interface

The optional RS-485 serial interface of the TM-350/400 allows connection of up to
32 separate devices equipped with RS-485. The RS-485 serial interface is also
ideal in electrically noisy environments and in applications where long cables are
required. The RS-485 port of the TM-350/400 is the same D9P connector on the
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rear panel used for RS-232. The pin layout is shown in Figure 3-7 on page 3-10
and Table 3-4 on page 3-10 lists pin signal assignments, including a definition of
whether the signal is an input or an output of the TM-350/400.

The TM-350/400’s RS-485 port is automatically set up to operate with the following
specifications: 9600 Baud, 8 Bit data, No Parity, 1 Stop bit

10.4 IEEE-488 Parallel Interface

The optional IEEE-488 interface provides the TM-350/400 with the ability to
communicate with computers and other devices over a standard IEEE-488
interface bus. The IEEE-488 interface, also known as GPIB or HPIB, provides an
eight bit parallel asynchronous interface between up to 15 individual devices on the
same bus. This means that one computer equipped with an IEEE-488 interface
card can communicate with up to 14 TM monitors or other devices.

The pin layout of the IEEE-488 port is shown in Figure 3-6 on page 3-9 and Table
3-3 on page 3-9 lists pin signal assignments, including a definition of whether the
signal is an input or an output of the TM.

The RS-232 serial port can still be used with IEEE-488 installed. However, since
both interfaces use the same input and output message buffers, they should not be
used at the same time. This will result in communication errors.

10.5 Protocol

All communications between the computer and the TM-350/400 are in the form of
message character strings with the format:

* Two byte header - (FFh, FEh i.e. Chr$(255), Chr$(254)) The header indicates the
beginning of a message.

*One byte device address - (0 to 32) The device address byte defines the bus
address of the instrument that sent or should receive the message. The device
address will range from 0 to 32. See section 4.3.2 on page 4-5 for instructions on
setting the TM's device address. A message sent to a device address of zero will
be received by all TMs except in the case of the IEEE-488 interface. With this
interface, only the addressed device will receive the message.

*One byte instruction code - (0 to 6) Defines the code number of the message.

*One byte message length - (0 to 249) Indicates the number of data bytes
contained in the message.

* One byte checksum - (0 to 255) The checksum byte is used for transmission error
detection. If the TM receives a message with an incorrect checksum, it will
disregard the message. The checksum is the compliment of the one-byte sum of
all bytes from, and including, the instruction code to the end of the message. If the
one-byte sum of all these bytes is added to the checksum, the result should equal
255.

10-2
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If the sum of all bytes occupies more than one byte, a single byte checksum can
be generated using the expression: checksum=! (Sum MOD 256), i.e. the
checksum is the complement of the remainder byte, which results from dividing the
sum of all bytes by 256.

10.6 Data Types

There are three data types stored in the TM-350/400: One byte, two byte, and three
byte parameters. All data types are stored as integers in binary format with the
most significant byte first. The one-byte data types are ASCII characters, numeric
values (0-255), or 8 bit registers. Some of the multiple byte data types are decimal
values stored as integers. To convert these values to their decimal equivalent, use
the following equation:

Decimal Value = (Integer Value)/(10*DP) [1]
Where:
DP = the value’s decimal point position.

The decimal point positions for all the parameters are constant and are given in
tables along with the parameters’ range.

10.7 Message Received Status

Following the receipt of each message, the monitor will send a one-byte ‘received
status’ message, indicating how the message was received, with the following
format:

Header

Address
Inst=253
Length=2
Instruction Code
Receive code
Checksum

A value of 253 for the instruction byte indicates that this is a received status
message. The Instruction Code byte indicates the instruction code of the
message that was received. Table 10-1 shows a list of possible receive codes.
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Table 10-1 Receive Codes

Receive Code Description
0 Message received O.K.
1 Invalid checksum.
2 Invalid instruction code.
3 Invalid message length.
4 Parameter(s) out of range.
5 Invalid message.

10.8 Instruction Summary

Table 10-2 is a list of valid instruction codes.

Table 10-2 Instruction Codes

Instruction Code Description

0 Remote activation

—_

Send monitor configuration

Send a film's parameters

Receive a film's parameters

Send monitor status

Initiate automatic data logging of string values

Internal command

Internal command

Internal command

O oo Nl | WO|DN

Internal command

IPN 178800 Rev. B
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o

Set active film number
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10.9 Instruction Descriptions

The following is a description of the valid instructions along with an example of how
they are used. All the examples assume the device address is 1.

1. Remote activation of monitor (Code #0)

This instruction initiates a key press of the TM-350/400’s keyboard. The valid key
codes are shown in Table 10-3.

Table 10-3 Remote Activation Code

Remote Activation Code Description
1 Start key
2 Stop key
4 Shutter key
8 Display key
16 Film key
32 Sensor Swap key
64 Simulate mode on
128 Simulate mode off

Format: Header, Instruction=1, Length=1, Key Code, Checksum Example:
Example of a remote start message:
Chr$(255)+Chr$(254)+Chr$(1)+Chr$(0)+Chr$(1)+Chr$(1)+Chr$(253)

2. Send monitor hardware configuration (Code #1)

Instructs the monitor to send monitor configuration data to the host computer. Table
10-4 is a description of the configuration data.

Table 10-4 Configuration Data

Name Length (bytes) |[Message

Software Version 35 TM-350 Software Version X.XX

Communication Port 1 (1=RS232, 2=RS-485, 3=IEEE488)
Total 36 bytes

Example: To instruct the monitor to send the hardware configuration data the
computer would send:

Chr$(255)+Chr$(254)+Chr$(1)+Chr$(1)+Chr$(0)+Chr$(254)
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3. Send film parameters (Code #2)

Instructs the monitor to send the parameters for film # n to the host computer. A
description of the film parameter list is in Table 10-5.

Table 10-5 Film Parameter List

Parameter name Len Byte Decimal Pt. Range Units
Bytes Offset Position
Film Number 1 0 * 1-99 None
Endpoint Thickness 3 1 * 0-999,999 Ang
Primary Sensor # 1 4 * 1-2 None
Material Density 2 5 2 80-9999 0.01 gm/cm3
Acoustic Impedance 2 7 2 50-5999 0.01 gm/cmZ/sec
Tooling Factor #1 2 9 1 100-4999 0.1%
Tooling Factor #2 2 1" 1 100-4999 0.1%
Total 13 bytes
* - Indicates decimal point position is not applicable.

Format: Header, Address, Instruction=2, Length=1, Film#(1-100), Checksum.

Example: To instruct the monitor to send the parameter list for material #15 the
computer would send:

Chr$(255)+Chr$(254)+Chr$(1)+Chr$(2)+Chr$(1)+Chr$(15)+Chr$(237)

4. Receive film parameters (Code #3)

Instructs the monitor to enter all the incoming film parameters for film # n into
memory. The parameters must be in the same order and format as the above film
parameter list.

Format: Header, Address, Instruction=3, Length=13, 1 byte, Film# (1-100), 12
bytes film parameter data, Checksum.

IPN 178800 Rev. B
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5. Send monitor status (Code #4)

Instructs the monitor to send the status data. The description of the status data is

given in Table 10-6.

Table 10-6 Status Data

Parameter Name

Length (bytes)

Range

Active Film #

1

1-100)

Active Sensor #

1

Sensor #1 Health

1

(
(1-2)
(0-99 or 255=Failed)

Sensor #2 Health

(0-99 or 255=Failed)

Source & Sensor Shutter

(Bit6 = Source, Bit7 =
Sensor.
0=Closed,1=0pen)

Display # 1 (0O=Rate&Thk, 1=Freq,
2=Test)

I/0 Address 1 (0-31)

Crystal Type 1 (0=2.5MHz, 1=3.0MHz,

2=5.0MHz, 3=6.0MHz,
4=9.0MHz, 5=10.0MHz)

Simulate Mode

(Bit 4, 0=Off, 1=0n)

Failure Register

Bit0 = Ram Fail Bit1 =
EPROM Fail Bit2 = Film
Data Fail Bit3 = Sensor
Input Fail Bit4 = Not Used
Bit5 = Power Fail Bit6 =
Sensor Card Fail

Total 10 bytes

Example: To instruct the monitor to send the status data the computer would send:
Chr$(255)+Chr$(254)+Chr$(1)+Chr$(4)+Chr$(0)+Chr$(251)
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6. Automatic Data Logging of String Values (Code #5)

This instruction allows the computer to setup the TM-350/400 to automatically
output selected string values to the communication port every 100 milliseconds.
The values sent are determined by the bit value of the message byte in the data
logging instruction message. See Table 10-7.

Table 10-7 Automatic Data Logging of String Values

Byte # | Bit# Description Length Format Units
(bytes)
1 0 Displayed Rate 5 String A/sec
1 Displayed Thickness 5 String KA
2 Displayed Frequency 1" String Hertz
3 Sensor #1 Rate 5 String A/sec
4 Sensor #1 Thickness 5 String KA
5 Sensor #1 Frequency 11 String Hertz
6 Sensor #2 Rate 5 String A/sec
7 Sensor #2 Thickness 5 String KA
2 0 Sensor #2 Frequency 11 String Hertz
1 Active Sensor # 1 String None

All values are in ASCII format including decimal points, commas and negative
signs. For example, to instruct the TM to output rate, thickness and frequency for
sensors 1&2, the computer would send the following message:

Chr$(255)+Chr$(254)+Chr$(1)+Chr$(5)+Chr$(2)+Chr$(248)+Chr$(1)+ Chr$(255)
Data logging is stopped by sending the following message:
Chr$(255)+Chr$(254)+Chr$(1)+Chr$(5)+Chr$(2)+Chr$(0)+Chr$(0)+Chr$(248)

10-8
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7. Automatic Data Logging of Binary Values (Code #6)

This instruction allows the computer to setup the TM-350/400 to automatically
output selected binary values to the communication port every 100 milliseconds.
The only benefit in this command over command #5 is that the binary values are at
the maximum resolution of the instrument where the string values are not.

The values sent are determined by the bit value of the message byte in the data
logging instruction message. See Table 10-8.

Table 10-8 Automatic Data Logging of Binary Values

Byte # | Bit# |Description Length Format Units
(bytes)
1 0 |Active Sensor Rate 3 Binary A/sec
1 |Active Sensor Thickness 3 Binary A
2 |Active Sensor Period 4 Binary e
3 |Sensor #1 Rate 3 Binary A/sec
4 |Sensor #1 Thickness 3 Binary A
5 |Sensor #1 Period 4 Binary el
6 |Sensor #2 Rate 3 Binary A/sec
7 |Sensor #2 Thickness 3 Binary A
2 0 [Sensor #2 Period 4 Binary el
1 |Active Sensor # 1 String None
2 |Sensor #1 Mass per unit area 4 Binary |0.137 ng/cm”2
3 |Sensor #2 Mass per unit area 4 Binary |0.137 ng/cm”2

All values are sent in Binary format with the most significant byte first. To convert
this to decimal, use the following formula:

Decimal Value = Sum of Byte[n]*256%(Y-1) where n goes from 1 to Y and Y is the
total number of bytes that make up the value.

For example, say you receive the four following bytes representing the mass per
unit area: 0,10,250,76

This equals (0*256"3 + 10*256"2 + 250*256 + 76)*0.137 ng/cm”2 = 98,562.7
ng/cm”2

The rate and thickness values are in the normal units of Ang and Ang/sec. Sensor
period however, is in special units. Use the following formula to convert period to
frequency.

Frequency (Hz) = (3.221E15)/Period
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Where the period value is converted from the four byte binary data as shown in the
example above.

To instruct the TM to output sensor #1 and sensor #2 period, the computer would
send the following message:

Chr$(255)+Chr$(254)+Chr$(1)+Chr$(6)+Chr$(2)+Chr$(128)+Chr$(1)+
Chr$(118)

The TM will return two, four byte values containing sensors #1&2 period.
Data logging is stopped by sending the following message:
Chr$(255)+Chr$(254)+Chr$(1)+Chr$(6)+Chr$(2)+Chr$(0)+Chr$(0)+Chr$(247)

8. Internal command (Code #7)

9. Internal command (Code #8)

10. Internal command (Code #9)

11. Set active film # (Code #10)

This instruction allows the computer to set the active film number. The message
must be in the following format:

Format: Header, Address, Instruction=10, Length=1, 1 byte Film# (1-100),
Checksum.

10- 10
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Chapter 11
Repair and Maintenance

11.1 Handling Precautions

Integrated Circuits (I.C.’s) can be damaged by static discharge into their inputs.
This static discharge is the same phenomenon that produces the unpleasant shock
when one grabs a doorknob after walking across a carpet. The likelihood of static
buildup is proportional to the dryness of the air and can be particularly troublesome
in cold, dry climates, or hot desert climates.

In order to minimize the chance of discharging body charge into the I.C. inputs,
always handle circuit boards by the edge, avoiding contact with the connector area.
When moving a board from one surface or work area to another surface or work
area, always personally touch the new surface or location before laying down or
inserting the board so that you, the board, and the surface, or equipment, are all at
the same potential. It is wise in dry climates to minimize the amount of movement
when handling or replacing I.C.’s in circuit boards. When handing a circuit board or
I.C. to another person, always touch the person first.

Wood or paper surfaces are the most forgiving surfaces to work on. Plastic should
be avoided. Metal is O.K. as long as the metal is always touched with the hand prior
to laying down the I.C.’s or circuit boards.

P.C. boards or I.C.’s should never be placed in plastic bags unless they are of the
conductive plastic type intended for this use. These bags are typically black or pink
and are normally labeled as conductive or anti-static. If no conductive plastic bags
are available, boards or I.C.’s can be wrapped in paper, and then placed in plastic
bags or shipping bags.

If the above precautions are observed, the chance of damage will be minimal and
no problems should be encountered.

11.2 Maintenance Philosophy

The TM-350/400 was designed around a maintenance philosophy of board
replacement. Field repair at the component level is not recommended and indeed
can void the warranty. The following sections are intended primarily as an aid in
understanding the operation of the TM-350/400 and to help in isolating problems
to the board level.

All electronic components, with the exception of the power supply transformer, are
mounted on plug-in assembilies for ease of removal and replacement. The circuitry
is partitioned among plug-in modules on a functional basis to make fault isolation
to the plug-in assembly level as straightforward as possible.

Most problems can be diagnosed to the board level without external test equipment
and verified by simple board replacement.
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11.3 Self Test Failure Detection

The Monitor's self test features detect several system failures. The specific failures
are described below. Upon detection of a failure the appropriate message is
displayed. There are basically two types of system failures: failures that may not be
reset by the operator and those that may. You cannot reset the E FAIL or | FAIL
messages. They may be cleared only by the replacement of the defective
components. These failures are displayed continuously and ALL OTHER SYSTEM
OPERATIONS ARE DISABLED. For these internal failures, it is recommended that
the instrument be returned to the factory for repair. On failures that may be reset,
the front panel display alternates the particular failure message and the Rate and
Thickness values prior to the failure. The display continues to alternate the failure
until the fault has been reset.

The following is a summary of detected failures, the displayed messages and the
necessary actions to reset them.

Table 11-1 Detected Failures

Detected Failure Failure Message Reset by:
EPROM Failure E FAIL Replacement of defective ROM
RAM Failure | FAIL Replacement of defective RAM
Film Data Failure C FAIL Press STOP button
Power Failure P FAIL Press STOP button
Oscillator Failure O FAIL Press STOP button
Sensor Card Failure S FAIL Replacement of sensor measurement card

Any long-term failures can cause serious thickness errors if they occur during a
run. To save any materials, which may be in process, the shutter is automatically
closed. The process can be continued only after the fault has been corrected and
the message has been reset as described above. If there is more than one failure,
the other failure will then be displayed. When no failures exist, only current display
values will be displayed. A description of the conditions of the individual failures
follows.

11.3.1 EPROM Failure (E FAIL)

In the case of a failure in the TM-350/400's program memory or EPROM, the
E FAIL message is displayed. If an EPROM failure occurs, the monitor should be
returned for repair.

11-2
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11.3.2 RAM Failure (I FAIL)

In the case of a failure in the Monitor's data memory or RAM, the | FAIL message
will be displayed. The shutter is automatically closed since reliable operation of the
Monitor is impossible until it is serviced. To confirm the RAM failure, cycle the AC
power to the instrument. The monitor will recheck its memory and if failed, will again
display the | FAIL message. If the | FAIL message is not displayed on power up the
second time, the problem may be intermittent, and it is recommended that your
monitor be returned for repair.

11.3.3 Film Data Failure (C-FAIL)

The C-FAIL message indicates that an error has been detected in the film data
storage area of the RAM and could not be corrected. When such an error is
detected, the parameters of all the films are automatically tested and set to default
if out of range. The monitor should not be started until the user has checked all of
the parameters for the desired film.

In the event of a C-Fail, the shutter is automatically closed since reliable operation
of the Monitor is impossible until the bad data is corrected.

11.3.4 Power Failure (P-FAIL)

Since power interruptions may seriously effect your run, indication of any
significant AC line disruptions is provided by the P-FAIL message. The shutter is
automatically closed if a run was in process. It may be continued, once all other
equipment is functioning normally again, by depressing the STOP key.

Note that it is normal for the power failure message to flash when the instrument is
first turned on. Press the STOP key to clear this message.

11.3.5 Oscillator Failure (O-FAIL)

An Oscillator Fail message indicates an improper or missing signal from the
oscillator. The problem is most likely with the sensor crystal; however, failures in
the oscillator, coaxial cables, Feedthrough, or sensor head can also generate this
failure message. Pressing the STOP key once the cause has been corrected clears
oscillator failures.

11.3.6 Sensor Card Failure (S FAIL)

The S FAIL message indicates that the sensor measurement card has failed or is
not installed. If this failure occurs then either the sensor card should be replaced or
the monitor should be returned for repair. Press the STOP key to clear an SFAIL
message.
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11.4 Troubleshooting Aids To Isolate Installation Faults

The following table describes possible problems that could occur when interfacing
the Monitor with a vacuum system. With each symptom is a list of probable causes.

If you should decide to remove the Monitor cover, read section 4.4 on page 4-8 and
section 11.1 on page 11-1 carefully before doing so.

A WARNING - Risk Of Electric Shock

To avoid electrical shock or personal injury, disconnect
the power cord before opening the cover on the power
entry module.

/11\ WARNING - Risk Of Electric Shock

Do NOT use the power switch as a disconnecting device;
disconnect the power cord from the power entry module
to fully remove hazardous voltage from inside the TM
monitor.

/5\ WARNING - Risk Of Electric Shock

All standard safety procedures associated with the safe
handling of electrical equipment must be observed. Only
properly trained personnel should attempt to service the
instrument.
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Table 11-2 Table 10-1 Troubleshooting Aids

Symptom

Possible Cause

Instrument blows line fuse.

a) Line voltage selector is not set for the line
voltage being used. Refer to section 4.2.6 on
page 4-2.

b) Incorrect fuse size.

Front Panel display never illuminates.

a) Blown fuse.
b) Faulty clock generator TM-400 only (High
Speed Counter board)

“O FAIL” message can't be cleared.

a) Active sensor number not equal to sensor
connected to the "good" sensor. TM-400
only

b) Defective cable or cables. Refer to
Chapter 5.

c) Defective or overloaded sensor crystal.
Refer to Chapter 6.

d) Oscillator unit connected in the wrong
direction.

e) Bad Oscillator unit.

f) Thickness Monitor not properly grounded
to the vacuum system.

g) Wrong crystal selection, J5. Refer to
section 4.3.1 on page 4-4.

Front panel control keys non-functional.

a) Defective keys
b) Bad Front Panel Logic board

Reoccurring C-Fail message on power up.

a) “Power up” or “Power down” sequencing
circuit malfunctioning.

b) “RAM Power” switching circuit not
functioning.

c) Aged or defective battery.

Unable to remotely control the instrument via
Input connector.

a) Improperly wired cable/connector.
b) Inputs not properly grounded.

Faulty DAC outputs.

a) Improper DAC wiring.
b) External recording device puts excessive
load on the DAC.
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11.5 How To Contact Customer Support

Worldwide support information regarding:

+ Technical Support, to contact an applications engineer with questions
regarding INFICON products and applications, or

+ Sales and Customer Service, to contact the INFICON Sales office nearest you,
or

+ Repair Service, to contact the INFICON Service Center nearest you,

is available at www.inficon.com.

If you are experiencing a problem with your instrument, please have the following
information readily available:

+ the serial number for your instrument,

+ adescription of your problem,

+ an explanation of any corrective action that you may have already attempted,
+ and the exact wording of any error messages that you may have received.

To contact Customer Support, see Support at www.inficon.com.

11.6 Returning Your Instrument to INFICON

Do not return any component of your instrument to INFICON without first speaking
with a Customer Support Representative. You must obtain a Return Material
Authorization (RMA) number from the Customer Support Representative.

If you deliver a package to INFICON without an RMA number, your package will be
held and you will be contacted. This will result in delays in servicing your
instrument.

Prior to being given an RMA number, you may be required to complete a
Declaration Of Contamination (DOC) form if your instrument has been exposed to
process materials. DOC forms must be approved by INFICON before an RMA
number is issued. INFICON may require that the instrument be sent to a
designated decontamination facility, not to the factory. Failure to follow these
procedures will delay the repair of your instrument.
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