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SAFETY
 

WARNING

SAFE OPERATING PROCEDURES AND PROPER USE OF THE

EQUIPMENTARE THE RESPONSIBILITY OF THE USER OF THIS SYSTEM.

Advanced EnergyIndustries, Inc., provides information on its products and
associated harzards, but it assumes no responsibility for the after-sale
operation of the equipment or the safety practices of the owneror operator.

This equipment producespotentially lethal high-voltage and high-current
energy. You should read this manual and understandits contents before you
attempt to hook up or operate the equipment it describes. Follow all safety
precautions. Never defeat interlocks or grounds.

 DANGER! All personnel who workwith or
whoare exposed to this equipment must
take precautions to protect themselves
against serious or possibly fatal bodily
injury.

YOU
SHOULD KNOW... 

DO NOT BE CARELESS AROUND THIS EQUIPMENT.
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INTRODUCTION
 

READ THIS PAGE!

We know that some of you want to start the magnetron drive now and that
you don't feel you have time to read the entire manual. Belowis a list of the
subsections you will need to read in order to get started. We also think that
youwill find Overview of the Manual(pageix) and Interpreting the Manual
(page xi) useful. They are very short sections, and are intended to guide you
through the manual.

Overview of the Manual explains the organization of the manual, so that you
can more quickly find what you need. Interpreting the Manual explains the
type conventions (whatit means when a word appears in capitalizeditalic
type, for instance), and whatthe five icons (symbols) mean.

e Physical specifications page 1-19
e Connectors page 2-7
e §6Setting up page 3-5
e §©Start-up procedures page 3-29
e Control panel switches and LEDs page 2-15, 2-17, 2-21, 2-25
e Line voltage changes page 4-47

vii
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INTRODUCTION
 

OVERVIEW OF THE MANUAL

The main table of contents is a general outline of major topics covered in the
manual. It contains only the main headings within each chapter so that you
can skim it and get a general idea of what is contained here, without having to
look at a lot of headings. When you tum to oneofthe six chapters, youwill
find a detailed table of contents that lists every headingin that particular
chapter. This will help you to quickly decide which page contains the
information you are looking for. Throughout the manual, the chaptertitles are
printed at the top rnght-hand comerof each odd-numbered page.

Part | contains two chapters: WhatIt Is, and How It Works. WhatIt Is gives a
general overview of the MDX magnetrondrive,its various features and
configurations, and typical applications. A detailed description of the functional
specifications anda list of the physical specifications are also included.

How It Works contains a functional block diagram and important information
on connections, includinglistings of all input, output, and reference pins.
Status indicators and messages (and suggested responses) are briefly
discussed, and functions that are available through eachof the interfaces are
described. The transmission parameters for the Host (RS-232) port are also
includedin this section, as are several tables detailing recognized commands
and explaining possible responses to those commands.

Part Il consists of three chapters: Preparing for Use, Choosing
Modes/Settings, and Using the Special Features. Preparing for Use provides
information on connection and wiring options, spacing and cooling
requirements, and start-up procedures.

Choosing Modes/Settings contains information on selecting one of the three
methods of output regulation: power, current, or voltage. The subsection on
“program” mode describes the target controls and various programmable
setpoints and timers. Accessing functions through the analog/digital (“User”)
interface is discussed. Step-by-step procedures are provided for changing
taps andline voltage settings. Also included is an explanation of the
impedance options and a table that shows the maximum output current
for various MDX models. Special considerations for systems that use both
“master” and “slave” MDX units are briefly examined.

ix
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INTRODUCTION
 

INTERPRETING THE MANUAL

Type Conventions

To help you quickly pick out what is being discussed, the manual presents
certain words and phrasesin type that is different from the rest of the text.

Pin and line names appearin capitalized italics (RAMP IN.A). Labels that are
on the MDX (Switches,indicators, etc.) generally appear in boldface capital
letters (MODIFY). Exceptions are port names, which simply begin with a
capital letter (User port).

Specific messagesthat will appear on the control panel meters are indicated
by quotation marks (“E-02"). Functions are printed in boldface lowercase
letters (contactor hold).

How to Use the Symbols

 Safety notes. Important notes conceming potential harm to
people. 

YOu
SHOULD KNOW...

 

 

 

An YOU Warning notes. Important notes concemi ssible harm toSHOULD KNOW... 9 Pe nape
this unit or associated equipment.

Flo Operating notes. More thoughts on how to use the extended
features provided.

  

xi
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PART |

GETTING TO KNOW YOUR

MDX MAGNETRON DRIVE

Artisan Technology Group- Quality Instrumentation ... Guaranteed | (888) 88-SOURCE| www.artisantg.com

Page 14 of 245 Ex. 1025, Page 14



Ex. 1025, Page 15
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WHATIT IS
 

Page 16 of 245

GENERAL DESCRIPTION

The de magnetron drives in the MDX series prove just how convenient and
efficient advanced high-frequency switchmode powersupplies are.
They...

are light and compact
are highly efficient (low heat emission)
provide excellent regulation and stability
have a highly reliable solid state design
are modular

store very little energy in the outputfilter

These magnetron drives exhibit superior output response time, low output
ripple voltage, and considerable space savings over lower frequency designs.
The intemal microprocessor ensures ease of use, and the modular design
allows the supplies to be easily serviced.

Output Impedance Range

Each MDXis equipped with a built-in impedance-matching transformer. These
tap-selectable transformers are available in high Z, standard Z, or low Z
configurations. With the proper transformer and tap (See pages 4-27 and
4-45), load impedances requiring voltages from 400 V to 1250 V can be
accomodated.

Plasmastrike voltages are available onall taps — levels reach as high as
1500 V, depending on the model. Thefull rated power output for each MDXis
available throughout the range of each tap.

Output Regulation

The MDX canbe used as a power, current, or voltage source, depending on
the method of output regulation selected. Since setpoint levels are stored in
nonvolatile memory, they can be used in recovering from input power
interruptions and to ensure repeatability from run to run.

Interfaces

The MDX can becontrolled from a variety of attached or remote control
panels, an analog/digital connector, or an RS-232 serial data port. The RS-232
(Host) interface provides access to all operating parameters and control
functions. The analog/digital (User) interface provides data logging capability
and access to a numberoffeatures.

1-5
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WHAT IT IS
 

cathodic arc processes. When recovering from a low-impedancecondition, the
MDX automatically ramps up slowly in current regulation. As the chamber
impedance increases (with the removal of excess ions), the power supply
automatically crosses over to the previously selected methodof output
regulation (poweror voltage). Timing and current magnitudes can be adjusted
to protect sensitive targets and system components.

1-7
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WHATIT IS
 

TYPICAL APPLICATIONS

Basic Magnetron Sputtering

Three output configurations are possible for the MDX: negative output voltage,
positive output voltage, and floating ground. Provisions within the MDX chassis
allow you totie either the anode or the cathode to ground; altematively, you
canlet the output float with respect to ground by not grounding either the
anodeorthe cathode.

Danger! An understanding of grounding and
the proper hookup of groundsis essential to
personnel safety and is necessary for the
proper operation of your system.In all cases
you must connect the chassis ground stud
on the rear of the MDX to earth-groundwith
the lowest possible impedance (see
operating note on grounding methods and
definitions, page 7-1).

 YOU
SHOULD KNOW... 

Factory Configuration (negative output)
Most MDX applications require a negative output voltage, which in tum
requires that the anode be connected to ground. The MDxXis shipped with a
safety jumperinstalled as shownin Fig. 1-1 to make this ground connection,
althoughthis is not the optimum configuration. The reasonis related to safety
-— most people associate the braided shield layer of a coaxial cable with a
ground connection. If we shipped products with no intemal ground,it is
conceivable that a system could be configured with a lethal voltage on the
coaxial cable’s sheath. This would be extremely dangerous because of the
possibility that people could unknowingly be exposed to such a voltage at the
connectors.

The disadvantage of having aninstalled groundis that additional grounds
invariably do exist in the system. This meansthat there are two or more
ground pathsin the system. When multiple ground paths exist, the chassis is
made to conduct someofthis current. This current flow can cause a loss of

instrumentation accuracy, electrical noise, and heating of the chassis or
connectors andjoints; it may even raise the ground-reference voltage level so
that extemal and intemal contro! signals either control the MDX erratically or
not at all. Thus the best system performance is obtained using the “optimum
configuration (positive or negative output)” described next.

1-9
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Insulated

/ Feedthrough

Cothode
(Target Moteriol)

 

  
 Factory—instolled

Sofety Jumper

Substrate

Optionol
Grounded
Substrote

Figure 1-1. Factory configuration (factory-installed safetyjumper).

Optimum Configuration (positive or negative output)
The configuration that AE recommends is illustrated in Fig. 1-2, which shows
an independently grounded anode at the chamber,forcing all retum current
through the anode retum path. The design of the chamber may use the
chamber wall, special intemal shielding structure, or the substrate holder as
the actual anode. With this setup, only one current path will exist, thus
eliminating the problems caused by multiple retums.

Makecertain that you have established a good ground at the chamber anode
or the ground reference will be lost. The integrity of this ground connection
should be checked as part of a periodic maintenance schedule to ensure
continued optimum performance and safety. Whenever a system is configured
in this manner,it is recommended that secondary dielectric shielding be
installed overall parts of the coaxial cable and connectors that are exposed.

Whenthis connection degrades,as it will over time, the system could become
unsafe (as described in the two preceding paragraphs); more likely,
performance will be lost. This slow loss of performance can be subtle and very
difficult to detect. Some indications of ground degradation are loss of
instrumentation accuracy, symptoms of increased noise such asdisplay flicker
and jittery data-logging lines, secondary plasma development between the
target and the closest point at ground potential, change in the appearance of
the chamber plasma at known powerlevels, and increasingly erratic behavior
of the power supply or the system controller.

4-10
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All of these considerations hold true when the MDxXis usedin the positive
output voltage (grounded cathode) configuration.

Insuloted

/ Feedthrough

Cathode

(Target Moterial) 

 

Chamber

Substrate

Optional
Grounded
Substrate

Figure 1-2. Optimum grounding configuration (negative output).

Insulated

/ Feedthrough

Cathode

(Target Material)

Substrote

Optional
Grounded
Substrate

Figure 1-3. Optimum grounding configuration (positive output).

1-11
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PART|
 Ar

Optimum Configuration (floating output)
In some applicationsit is desirable to bias the positive or negative output of
the MDXwith another powersupply. This supply may be another dc supply or
an RF supply. The MDX maybe biased by a voltage of up to +400 V
referenced to its own (MDX) chassis ground. Figure 1-4 illustrates a typical
configuration of this type.

Whenusing the MDxXin this configuration, it is again very important to provide
a good chassis ground for each powersupply. Further, all power supply
chassis grounds should be connected at one commonpoint. All
interconnecting power supply output lines and connectors mustbe fully
insulated to protect personnel from accidental exposure to potentially lethal
voltages.

Insulated

/ Feedthrough

Cathode

(Torget Moterial) Chamber

OptionalBiosed
Substrate

Figure 1-4. Hoating-output configuration.

1-12
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DC Sputtering with RF Bias

 WARNING!You mustplace an ac blocking
filter in series with the output of the dc
powersupply if your system uses a dc
powersupply in combination with an ac
powersupply that has an output frequency
greater than 50 kHz.

YOU
SHOULD KNOW... 

In this application (see the illustration on the next page), properinstallation of
the RF generator and tuneris critical to proper operation of the system. Proper
installation includes good, solid, RF grounding anddcinstallation.

An RFfilter must be placed between the dc output and the chamber because
13.56 MHz can damagethe typical dc magnetron powersupply. There is no
need to put a filter between the RF tuner output and the chamber because
Advanced Energy® tuners provide a dc block.

The purposeofthis type of installation is to elevate the potential on the biased
substrate. With properinstallation and programming, an Advanced Energy®
RFX can control the developed dc bias on the substrate (See the operating
note on dc bias, page 6-3).

This extra contro] parameter (RF bias) may provide higher deposition rates or
better film structure. The results will vary with each application. Biasing alters
the ion and acceleration potentials, and these altered potentials provide the
desired results.

1-13
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RF Filter

Insulated \
Feedthrough

 
 

Target

509 | Substrote

= Alternate
Method

Figure 1- 5. Typical configuration for de sputtering with RFbias.
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YOU
SHOULD KNOW...

 You
SHOULD KNOW...

DC-biased RF Sputtering

 WARNING! You must place an ac blocking
filter in series with the output of the dc
powersupply if your system uses a dc
powersupply in combination with an ac
powersupply that has an output frequency
greater than 50 kHz.

 

Figure 1-6 (on the next page) showsa typical RF sputtering application, where
the target shield and chamberwalls are referenced to ground, but the
substrate is directly biased with a dc powersupply. This could be a planar
magnetron or an “S”gun installation.

Improper grounding of the tuner, chamber, and MDXwill result in radio
frequency interference (RFI), which is often evidencedin this application by
chattering valves or your computer behaving erratically.

DANGER!Lethalhigh-voltage potentials will
be presentif the tuner, chamber, and MDX
are not properly grounded. 

Some RFsputtering applications require a length of cable between the tuner
output and the vacuum feedthrough. This type of connection should only be
used, with extreme caution, if there is no way to mount the tunerdirectly to the
vacuum feedthrough. The impedancetransformation that takes place within
the interconnect cable can create large circulating currents on this cable. The
powerdissipatedis a function of I7R losses. This formula showsthat any
increase in circulating current greatly increases the losses in the cable.

In light of this fact, a teflon dielectric cable should be used becauseteflon has
a more favorable thermal characteristic than other cable materials. The teflon

will minimize migration of the center conductor due to overheating, thus
reducing the probability of the center conductor shorting to the outer sheath.

A key consideration in any RFinstallation is the RF retum path. Power
supply/Atuner connection: The powersupply is usually connected to the
tuning network through a coaxial cable, and the braided shield on this cable
acts as an adequate RF retum for this section of the circuit. Tuner/chamber
connection: Pay special attention to the connection betweenthe tuning

1-15
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network and chamber. Onall Advanced Energy® tuners, the aluminum

 

chassis provides the RF retum path.Ideally, this chassis should be bolted
directly onto the vacuum chamber,thus establishing good surface contact.If
this is not possible, connect the tuner and chamberwith a solid copperstrap.
Avoid using braid — the fine strands within the braid form a highly inductive
path and may melt from overheating. Also avoid using stainless steel hardware
— steel is a poor conductorat high frequencies becauseofits ferromagnetic
properties.

Brass hardware is most commonly used becausebrass is a good conductor
andis readily available.

Insulated

509 / Feedthrough

Target 
 

 
Substrate

Ye Filter  Chamber

 
 
 --? Power

a Supply
5092

Figure 1-6. Typical configuration for RF sputtering with dcbias.
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SPECIFICATIONS

Functional Specifications
Modeof Control

Control Signal
Sources

Methods of Output
Regulation

Programmable
Setpoints

Target Supervision

Arc Suppression

1-17

Program — full control is available from all
interfaces.

Lock— front-panelcontrolis limited to output
on/off, emergency stop, and test functions;also,
setpoints can be viewed for whatever method of
output regulation (power, current, or voltage) was
selected in program mode.
Off — all functions are disabled.

Output can becontrolled from the control panel, the
host-remote (RS-232) interface, or the user-remote
interface. Control! of output regulation, ramptime,
output on/off, or target select can be split between
the User port and the control panel or between the
Userport and the Host port.

The value that remains constant when the MDXis

producing output can be power,current, or voltage.

An output level (up to the unit's maximum rated
output) can be programmed for power, current, or
voltage.

One of eight target-life counters (0-7) can be
selected either remotely or from a control panel.
Targetlife can be specified and monitored from a
host computeror from a control panel (1-9900
kWh).

Arc conditions are quickly detected and MDX
output is quickly modified to prevent damageto the
target and substrate.
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Physical Specifications

Input Voltages

Input Current

MDX

Model

MDX 5K

MDX 10K

MDX 15K

MDX 20K

MDX 25K

MDX 30K

 

Output Power

Output
Power

0-5000 W

0-10,000 W

0-15,000 W

0-20,000 W

0-25,000 W

0-30,000 W

200 V ac or 208 V ac mms + 10%, 50/60 Hz,

three-phase “Y” connection; maximum ground
leakage currentless than 3.5 mA.

200 V ac or 208 V acfull load; see table below for
maximums.

Maximum Current(at
-10% input line voltage)

19A

38 A

57A

76A

95A

114A

See table below for details.

Chassis Per Output Ripple Output Ripple
System

1

WWNN=
Output Display
Accuracy

Target Accumulator

Methodsof Control

1-19

Voltage (% rms) Frequency

5 50 kHz

100 kHz

100 kHz

100 kHz

100 kHz

100 kHz
NMMNBD

Within 2% of actual output level or 0.2% of
maximum rated output level, whicheveris greater.

Targetlife is displayed in 1-kWh increments; the
counter is updated every 4.7 ms.

Full or restricted access, local or remote control,
programmed or manual operation.
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Output Parameters The table below indicates the maximum current
that can be produced at eachtap.It also shows the
range of output voltages available at each tap,
when the MDXis in voltage regulation (see page
4-3).

Tap Output Volt. MDX 5K MDX10K  MDX15K MDX 20K MDX 25K MDX 30K 

 

No. Range
Maximum Output Current: Low Impedance(“Low 2”)

1 0 V to 500 V 12.50A 25.00A 37.50A 50.00 A 62.50A 75.00 A

2 0 V to 640 V 10.00A 20.00 A 30.00A 40.00 A 50.00 A 60.00 A

3 0 V to 800 V 7.75 A 15.50A 23.50 A 31.00 A 38.75 A 46.50A

Maximum Output Current: Standard Impedance (“Standard Z”)

1 0 V to 600 V 10.00A 20.00 A 30.00 A 40.00 A 50.00 A 60.00A

2 0 V to 800 V 8.00 A 16.00 A 24.00A 32.00 A 40.00A 48.00A

3 OVto1000V 625A 12.50A 18.75A 25.00 A 31.25A 37.50A

Maximum Output Current: High Impedance (“High 2”)

1 0Vto 775 V 8.00 A 16.00A 24.00A 32.00 A 40.00 A 48.00 A

2 OVto1000V 640A 12.80A 19.20A 25.60 A 32.00 A 38.40A

3 OVto1250V 5.00A 10.00 A 15.00A 20.00 A 25.00 A 30.00 A

1-21
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HOW IT WORKS
 

THEORY OF OPERATION

The MDX magnetrondrive is a sophisticated andintelligent dc power supply
designed exclusively for use into vacuum environments. The figure below and
the following paragraphs outline the theory of operation.

 
 

 

   Inverter
Sec’

Input
Section
 

Remote
Control Interfoces 
 

Display

Figure 2-1. MDX functional block diagram.

Input
In the input section, ac line voltage is applied through the circuit breaker to a
three-phase contactor. The contactor, whenclosed,delivers the line voltage to
a rectifier bridge, whereit is converted to dc. The dc voltage is applied to bus
capacitors through soft-start circuitry. This bus provides dc voltage to the
inverter section. The input section also supplies 120 V ac to the housekeeping
and inverter sections.

Housekeeping Supply
The housekeeping supply section provides +24 V dc to powerthelogic
circuitry and control panel.

Inverter

The inverter section converts dc to pulse-width-modulated, 25-kHz ac voltage
by altemating the current through two sets of switching transistors (see Figs.
2-2 and 2-3 on the next page).

Output
In the output section, an isolation transformer steps up the 25-kHz ac voltage
from the inverter section and sendsit to a full-waverectifier bridge. The
resulting dc then passesout through a filter network and through the output
measurementsection.

2-3
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input Inverter Output
Section Section Section

AC Ripple
oc 25 kHz Choke

 s +, Filter
- Capacitor

Input

Input Rectifier Switching Output Output Rectifier
Bridge Transistors Transformer Bridge

Figure 2-2.illustration of switching theory.

Upper Transistor Lower Transistor
Current Flow Current Flow

Figure 2-3. Detail ofFig. 2-2, illustrating current flow through switching transistors
(dashed lines represent flow).

2-4
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HOW IT WORKS
 

Output Measurement
The output measurement section measures current and voltage, and
calculates power. These signals are conditioned to 0-5 V dc and sent to both
the logic control and remote interfaces sections.

Logic Control
The microprocessorin the logic control section uses operator-supplied
parameters and setpoints to control the output. This section is also responsible
for providing status information to the operator throughall interfaces and for
controlling the input section.

Control Panel Display
The display on the control panel communicates (RS-232) operator-supplied
inputs to the logic control section and provides the operator with status
information.

Remote Interfaces

Both remote interfaces communicate operator-supplied inputs to the logic
contro! section from the Host port (RS-232) and the Userport (analog and
digital) and provide the operator with status information.

2-5
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CONNECTORS

Input Power Connector

The acline input connection is provided by meansofa five-position,
high-current, feedthrough terminal block (TB) on the rear pane!(see foldouts at
the end of this chapter). Labels on the input terminal shield and below each
terminal position on the rear panel show line (A, B, C), 120 V ac NEUT, and
protective earth-ground connections (GND).

See page 3-13 for details on making this connection.

Output Connector

The cable for the output connectionis not included with the MDX, but can be
purchased from AE separately.

Two types of output connectors are available: a UHF type connector
(Amphenol 83-822) or a two-pin terminalblock.

Remote Control Panel Connector

Connections for a remote Advanced Energy® display panel are made through
a 25-pin, female, D subminiature connector. See page 3-26 for details on
making this connection. An MDX with a full-function front panel(thatis, a
control panel that is an integrated part of the unit) will not function correctlyif a
remote panel is connected to the DISPLAYport.

[e] This connector was designed for connecting an
YOU Advanced Energy® standard remotecontrol panelor
LD KNOW... minipanel only. The communications format between

Advanced Energy® display panels and the MDX is
different than the RS-232 host communications format.

Anincorrect connection could damage the MDX.

2-7
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Analog/Digital I/O Port

The Userinterface, located on the rear panel, is a 37-pin, female, D
subminiature connector. Its associated male connector, connector shell, and
jack post screws are included in the hardware kit. The table below provides
information about each pin. See page 3-17 for details on making this
connection.

Pin 1

  
Pin-description Table

eocoOO0OOCOCCOCOOOCC0C00O
coooooo0o000000000 

 

The User connectoris primarily an “analog” interface that allows the use of a
remote controller. Note: An “.A” appended to a pin nameindicates an analog
signal; a “.D” indicates a digital signal. A bar over a signal nameindicates that
the signalis true when low.

2-8

Pin No. Pin Name Description

1 CsT.D output, used with pin 20, 0-15 V

2 OUTPUT.D output, 0-15 V

3 SETPOINT.D output, 0-15 V

4 TARGET0.D input, used with pins 34 and 35,
0-15 V

5 1! REG.D input, used with pin 6, 0-15 V

6 PREG.D input, used with pin 5, 0-15 V

7 ON.D input, 0-15 V

8 OUT OF SETPOINT.D input from slave unit, 0-15 V

9 OUT COM.A dedicated retum for analog outputs

10 IN COM.A dedicated retum for analog inputs

11 AUX.D input, 0-15 V

12 VAC.D input, 0-15 V

13 WATER.D input, 0-15 V

14 OFF.D input, 0-15 V

15 RESTORE.D input, 0-15 V

16 REMOTE CONTACTOR HOLD.D input, 0-15 V

17 unassigned

p. 3-18

p. 3-18

p. 3-18

p. 3-18

p. 3-18

p. 3-19

p. 3-19

p. 3-19

p. 3-19

p. 3-19

p. 3-19

p. 3-19

p. 3-19

p. 3-19

p. 3-20

p. 3-20
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Pin No.

18

20

21

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Pin Name

1SV

INTLK COM.D

Cs2.D

ARC.D

EOTL.D

V OUT.A

POUT.A

1 OUT.A

RAMPIN.A

LEVEL IN.A

unassigned

AUX ! OUT.A

KWH OUT.A

LEVEL OUT.A

REF.A

unassigned

TARGET2.D

TARGET 1.D

IN COM.D

OUT COM.D

2-9

HOW IT WORKS

Description Refer to

output (100 mA max.)

dedicated retum for interlock string __p. 3-20

output, used with pin 7, 0-15 V p. 3-20

output, 0-15 V p. 3-20

output, 0-15 V p. 3-21

output, 0-5 V p. 3-21

output, 0-5 V p. 3-21

output, 0-5 V p. 3-21

input, 0-5 V p. 3-21

input, 0-5 V p. 3-21

output, 0-5 V p. 3-21

output, 0-5 V p. 3-22

output, 0-5 V p. 3-22

5 V, reference level only (5 mA max.) p. 3-22

input, used with pins 4 and 35, p. 3-22
0-15V

input, used with pins 4 and 34, p. 3-22
0-15V

8common, used interchangeably with p.
pin 19

dedicated retum for digital outputs p. 3-22
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Host RS-232 Port

Connections for a host-remote computer are made through a 25-pin, female, D
subminiature connector. The table below provides information about eachpin.
See page 3-17 for details on making this connection.

Pin 1

eo00000000000
eoo00000o0o00cK0o 
Pin-description Table
Note: An “.A” appended to a pin nameindicates an analog signal; a “.D”
indicates a digital signal.

Pin Name Description

1 COM.D data common

2 TXD.D data from MDX

3 RXD.D data to MDX

4 unassigned
5 unassigned

6 DSR.D data set ready (connect to pin 7)
7 COM.D data common

8-25 unassigned

Cathode Port (Minipanel)

This port, which appears only on the minipanel (see the foldout at the end of
this chapter), provides extemal indication of what target counter has been
selected with the CATHODEswitchesonthe front of the minipanel. The
illustration on the next page showsintemal relays with contacts that close
between pairs of pins as the target counters are selected.

Selecting this counter: Makescontact between these pins:

1 4and 5

8 and 9

3 1 and 6

2-10
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The contacts are rated for.

10 VA

130 V ac

100 Vdc

500 mA switching
1500 mA carying
normally open

 
K2

ae °
o o
c c
a 2“” ”
” ”
o o
c c
=) 2

7 8 9

Figure 2-4. Graphic representation of each ofthe internal contacts that is made when
one of three possible target-tife counters is selected.

Master/Slave Interface Connectors

MASTER INTERCONNECTis a 15-pin, male, D subminiature connector,
which appears on MDX masterunits. SLAVE INTERCONNECTis a 15-pin,
female, D subminiature connector, which appears on MDX slaveunits.

Stand-alone MDXsdo not have an interconnectport.

Refer to page 3-28 and page 4-49 for more information.

2-11
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STATUS INFORMATION

Status Signals

The MDX can be extemally monitored by meansofoutput lines on the User
port. Digital signals are 0-15 V; analog signals are 0-5 V.

Pin Name

1&20 CS1.D&CS2D

2 OUTPUT.D

3 SETPOINT.D

21 ARG.D

22 EOTL.D

23 V OUT.A

24 POUTA

25 1 OUT.A

30 KWH OUT.A

31 LEVEL OUT.A

2-13

Functional Status

Indicate what target has beenselected.
Indicates that the contactoris closed and

that output has been tumed on whenthe
signal goes low.
Indicates that the output is equal to the
requested setpoint when the signal goes
low.

Indicates that an arc has been detected

(i.e., the impedance of the chamber
dropped enough to cause the amount of
current produced by the MDX to reach the
built-in overcurrent trip point) when the
Signal goes low.
Indicates that programmed targetlife (for
selected target-life counter) has ended
whenthe signal goes low.
Varying 0-5 V signal representing the
output voltage.
Varying 0-5 V signal representing the
output power.
Varying 0-5 V signal representing the
output current.

Varying 0-5 V signal representing the
amountof kilowatt-hours remaining in the
targetlife.

Varying 0-5 V signal representing the
programmed setpoint.
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Indicators

MDxXfunctions can be monitored by checking 1) the 10 status indicator LEDs
that are in the center of the standard control panel and above the MODIFY
knob or the 9 status indicators on the minipanel that are above the REMOTE
switches (see foldout illustrations at the end of this chapter), 2) the LEDs on
the switches, and 3) the LEDslocated on or nearthe two digital meters.
(There are only five LEDs on a passive front panel—see page 2-16.)

Status Indicator LEDs—Control Panels

A group of LEDsare clustered together on the control panels. To distinguish
them from the switch LEDs and the digital meter LEDs, they are referred to in
this manualas “status indicator LEDs.” There are 10 of these LEDs on the

standard control panel and 9 on the minipanel (the AUXILIARYLEDis not on
the minipanel). The table below providesdetails.

Status Indicator LED Functional Status

ARC Lights to indicate that the impedance of the
chamberdropped enough to cause the amount of
current produced by the MDXto reach the built-in
overcurrent trip point; indicates that an arc has
been assumed and the ARC-OUTcircuit has

been activated. (An alarm will also sound.)

RAMP Lights when output is ramping toward setpoint;
flashes when rampis paused; goes out when
setpoint is reached.

SETPOINT Lights when output is equal to the programmed
setpoint; flashes (and alarm sounds) when the
output is tumed on andis not equalto the
programmed setpoint; goes out when output is
tumedoff. Note: This LED onlylights or flashes
when the PLASMA LEDislit.

PLASMA Lights to indicate that output is on and output
current is greater than 1/1024 of the maximum
current available for that MDX model(See table
on page 1-21).

OUTPUT Lights to indicate that output has been turned on.

2-15

Artisan Technology Group- Quality Instrumentation ... Guaranteed | (888) 88-SOURCE| www.artisantg.com

Ex. 1025, Page 42



   

  

 

 

 

 

      
       

     

       
         

      
       

        
        

   

       
        

       
       

   

       
        

       
       

          
        

   

     

 

 

 

 

 

 

         
     

         
     

         

        
          

       

       
         

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

Page 43 of 245 Ex. 1025, Page 43



Ex. 1025, Page 44

HOW IT WORKS
 

Page 44 of 245

LEDs on Switches

LEDs in the centers of the switches on the standard control panel light and
flash to convey a variety of information. Similarly, miniature pushbutton
switches on the minipanellight and flash. In the table below, the name ofthe
standard control panel switch islisted first, then the nameof the minipanel
switch, ifit is different.

Switch LEDs Functional Status

LEFT DISPLAY, ACTUAL Is always on, indicating that the value for
minipanel: DISPLAY any of the three parameters listed on theleft
(lighted pushbutton switch) digital meter (top meter on minipanel) can be

displayed.

OUTPUT OFF Lights when the MDxXis not producing
output; flashes whenreset is required. Reset
is required for the following conditions:
e MDX is poweredup in program orlock

mode

e control is returned to the control panel
from the Host port

e the MODEkey switch is moved from
OFF to LOCK or PROG

e User pin 14 (OFF.D) is not connected
to User pin 19 (INTLK COM.D)

e an interlock condition has not been

satisfied

e the EMERGENCY STOPbutton has

been pushed
In general, pressing OUTPUT OFFwill reset
the MDX, causing the LEDto stop flashing
(it will still be lit). This will not work if User
pin 14 (OFF.D) is not connected to User pin
19 (INTLK COM.D); these pins must be
connected before you can reset by pressing
OUTPUT OFF.This will also not work if an

interlock condition has not been satisfied.

OUTPUT ON Lights when output is tumed on.

REGULATION, POWER The POWERLEDlights when power
and CURRENT regulation has been selected; the CURRENT

LEDlights when current regulation has been
selected; both the POWER and CURRENT

2-17
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RIGHT DISPLAY, ACTUAL
minipanel: DISPLAY,
ACTUAL (lighted
pushbutton switch)

REMOTES, HOST

REMOTES, LEVEL and
RAMPand ON

TARGET

2-19

POWER, VOLTAGE) to activate certain
features.

Lights when selected,indicating thatit can
be used to toggle through the parameters
associated with the right digital meter
(bottom meter on minipanel). An LEDwill
light beside the selected parameter, and the
appropriate value will be displayed on the
digital meter. Depending on whichof thefive
parameters you select, you can view
1) actual output power, 2) actual output
voltage, 3) actual output current,
4) kilowatt-hours remaining on the selected
target-life counter, or 5) the ramp/run-time
counter (counting down during a ramp,
counting up during a run). If no run time is
programmed,the counterwill simply count
the numberof minutes the unit has run.

Lights to indicate that the Host port has
control of the MDX. Note:If any of the other
three REMOTES LEDsarelit (see next
paragraph), the Userport will have
overriding control of the corresponding
function.

Light to indicate that the User port has
control of the corresponding function (output
setpoint (“level”), ramp time, and output
poweron/off).

Lights when the TARGETswitch is held in,
indicating that the target-life counter can be
modified (0-9900 kWh). Flashes when you
hold it in and momentarily press SETPT
(which indicates that a different target
counter can be selected). The numberof a
target counter selected from the Userport
will be preceded by a hyphen (example:
no -5).
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Digital Meter LEDs

Three LEDs are located ontheleft digital meter (they appearto the rightof the
top digital meter on the minipanel), and five LEDs are located onthe right
digital meter(to the right of the bottom digital meter on the minipanel). These
LEDs indicate what parameteris being displayed on the associateddigital
meter. (See the front panel foldouts at the end of this chapter.)

Digital Meter LED Functional Status

KW Lights whenselected with one of the
ACTUALtoggle switches (the lighted
pushbutton switch that is labeled DISPLAY
on the minipanelcontrols the top digital
meter, the switch labeled ACTUAL,
DISPLAYcontrols the bottom meter); the
actual output powerwill be displayed on the
corresponding digital meter (or on both
digital meters, if you select KW for both).

VOLTS Lights when selected with one of the
ACTUALtoggle switches(the lighted
pushbutton switch that is labeled DISPLAY
on the minipanel controls the topdigital
meter, the switch labeled ACTUAL,
DISPLAYcontrols the bottom meter); the
actual output voltage will be displayed on
one ofthe digital meters (or on both digital
meters, if you select VOLTS for both).

AMPS Lights when selected with one of the
ACTUALtoggle switches(the lighted
pushbutton switch that is labeled DISPLAY
on the minipane! controls the top digital
meter, the switch labeled ACTUAL,
DISPLAYcontrols the bottom meter); the
actual output current will be displayed on
one of the corresponding digital meters (or
on both digital meters, if you select AMPS
for both).
Flashes (along with MINUTES and SETPT
LEDs) whenthe out-of-setpoint timer can be
modified (See page 4-17).

KWH Lights whenselected with the RIGHT
DISPLAY, ACTUALtoggle switch (lighted

2-21
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pushbutton switch is labeled DISPLAY,
ACTUALonthe minipanel and controls the
bottom digital meter); the kilowatt-hour
counter (See page 4-5) will be displayed on
the right, or bottom,digital meter. If the
RIGHT DISPLAY, SETPT switch (lighted
pushbutton switch is labeled SETPT on the
minipanel and controls the bottom digital
meter) is pressed at this point, the KWH
LED will remainlit but the digital meterwill
now display the numberofthe target-life
counter.

A hypheninfront of the target number indicates that
the target-life counter was selected through the User
(analog/digital) interface. If there is no hyphen, the
counter wasselected from either the control panel or a
host controller.

Is associated with the nght digital meter
(bottom digital meter on the minipanel). Rule
of thumb: This LED flashes for anything
relating to run time,is statically lit for
anything relating to ramp time.
Flashes 1) to indicate that the out-of-setpoint
timer can be modified (AMPS LED and
SETPT LEDswill also flash, see discussion

of this timer on page 4-17); 2) to indicate
that the ramp/run-time counter (see pages
4-10 and 4-15)is tracking run time (timer
counts up); 3) to indicate run time can be
modified (RAMP LED goes out, SETPT and
MINUTESflash).
Lights 1) to indicate ramp time can be
modified (RAMP, SETPT, and MINUTES
LEDsarealllit); 2) to indicate that the
counteris tracking ramp time (timer counts
down).

2-22
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Messages

Message

“EOFF”

“OFF”

“FAIL”

“E-01"

“E.g2"

“E.4 0"

“E-12"

i3"

Condition/Response

This word appears on both digital meters
when the EMERGENCYSTOP button is

pushed in. The message will clear when the
EMERGENCYSTOPbuttonis pulled out
and the OUTPUT OFF switch is pressed (if
User pin 15 is connected to User pin 19).

This word appears on both digital meters
when the MODEkeyswitch is set to OFF.

This word appears ontheleft (or top) digital
meter when oneof the “E” error messages
is displayed on the right (or bottom) digital
meter. It will clear when the righthand (or
bottom) messageis cleared.

The MDX hasfailed the intemal software

test; run the test again.

One (or more) control panel switchesis
stuck.

Communication failure between MDX control

panel microprocessor and intemal MDX
microprocessor, will clear itselfif
communication is restored.

Out-of-setpoint shutdown — Output was
tumed off because the MDX was notable to

produce output equal to the programmed
setpoint level in the amount of time specified
by the operator; press OUTPUT OFFto
clear message.

Soft-start failed in MDX (intemal MDX bus
voltage failed to reach soft-start level); press
OUTPUTOFFto clear message.
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INTERFACING

The hierarchy that the MDX uses as a guide whenit must give default control
to an interface is:

1. control panel (remote or attached)
2. Host (RS-232) port
3. User (analog/digital) port

Control Panel Controls

TEST Conducts a test of the LEDs if held down

while output is on; conducts a test of the
switches, LEDs, and communications

betweenthe control panel and the MDX’s
main microprocessorif held down while
outputis off.

LEFT DISPLAY, ACTUAL Toggles through parameters that can be
minipanel:lighted viewed: KW, VOLTS, AMPS.The
DISPLAY pushbutton switch appropriate LED ontheleft digital meterwill

light and the actual power, voltage, or
current value will be displayed. (On the
minipanel, the lighted pushbutton switch
affects the top meter.)

OUTPUT OFF Tumsoff output; resets the interlock string
after the interlock conditions have been

satisfied. When the OUTPUT OFFLEDis

flashing (see page 2-17), pressing OUTPUT
OFFwill cause it to stop flashing, except if

OFF.D (User pin 14) is not connected to
INTLK COM (User pin 19) orif any of the
interlock conditions have not been satisfied

(see wiring diagrams on page 3-25).

OUTPUT ON Tums on outputif the control panel has
control of the on/off function,all interiock

conditions are satisfied, and the OUTPUT
OFFLEDis notflashing. If a setpoint value
has been specified, the MDX will produce
output at that level (within 600 msfor
standard MDX if no ramp time is specified;

2 - 25
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HOW IT WORKS
 

programmed ramptime on the right digital
meter (bottom meter on the minipanel). To
change the ramp time, tum the MODIFY
knob while holding in the RAMP switch. This
switch can also be used to Set the run timer

(see page 4-15).

RIGHT DISPLAY, SETPT Performs, in conjunction with other switches,
minipanel: DISPLAY, a variety of duties. Press SETPTto display
SETPT (lighted pushbutton onthe right digital meter the setpointfor the
switch) method of output regulation that has been

selected with the REGULATIONswitches.

(On the minipanel, the pushbutton switch
affects the bottom meter.) After using the
RIGHT DISPLAY, ACTUAL (See below)
switch to toggle to KWH, press SETPTto
display the numberofthe active target-life
counter. After you have toggled to
MINUTES,press SETPTto display the
amount of time the MDX has been

programmed to run before shutting off the
output.

Pressing the SETPT and LEVELswitches
simultaneously causes the setpoint level to
be displayed continuously (until RIGHT
DISPLAY, ACTUALis pressed).

Press and hold the SETPT and POWER

switches simultaneously to display the
maximum output power(in kilowatts), the
impedance option, and the tap numberto be
displayed (See page 4-27, page 4-43, and
“MDX Config” data request on page 2-34).
Press and hold the SETPT, POWER, and
CURRENTswitches simultaneously to
display the last two digits of the MDX
software and the numberofthe target-life
counter selected from the Userport (similar
to response to “Misc.” data request,
page 2-34),

RIGHT DISPLAY, ACTUAL__Toggles through parameters that can be
viewed: thefirst three are KW, VOLTS,
AMPS.The appropriate LED onthe right (or
bottom) digital meter will light and the actual

2-27
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_? PART|
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REMOTES, HOST

Fim
SHOULD KNOW...

REMOTES, LEVEL

 

power, voltage, or current value will be
displayed (so far, this is just like what
happenswith the other digital meter).
Pressing SETPTafter toggling to one of
these parameters causesthe corresponding
programmed setpoint to be displayed on the
right (or bottom) digital meter. Additional
parameters that can be viewed onthis digital
meter are KWH and MINUTES.

Toggle to KWH (the appropriate LED
associated with the digital meter will light) to
view the target-life counter. This counter
counts down, subtracting the kilowatt-hours
that have been used from the programmed
targetlife (see Target Controls, page 4-5), so
you see how manykilowatt-hours are left
(the counterwill count downin increments of
1 kWh). Toggle to MINUTES to view the
run-time counter, which shows how much

time remains before the MDX automatically
shuts off the output. (See page 4-15 for a
discussion of using and disabling the
run-timer function.)

Determines whether the MDXis controlled

from the control panel or the Host port.
Press the switch to transfer control between
these interfaces. When control is transferred

from the Host port to the control panel, the
OUTPUT OFF LEDwill flash. Press the

OUTPUTOFF switch to cancel the flashing
before pressing the OUTPUT ONswitch.

The HOSTswitch will not transfer control to the Host

port unless Hostpin 6 is connected to Host pin 7 (see
page 3-17). Also note that if any of the other three
REMOTESLEDs (see below)arelit, the User port will
have overriding contro! of the corresponding

Gives control of the output setpoint and
method of output regulation to the Userport.
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As
SHOULD 

U
KNOW...

REMOTES, RAMP

REMOTES, ON

 

 
 
 

 

TARGET

Press the switch to transfer control between

this interface and whateverotherinterface

has control (control panel or Host port). If
User pin 27 (LEVELIN.A) is not connected
(see pages 3-21 and 3-25), the setpointwill
default to zero.

Gives control of the ramp timer to the User
port. Press the switch to transfer control
betweenthis interface and whatever other

interface has control (control panel or Host
port). If User pin 26 (RAMPIN.A)is not
connected (see pages 3-21 and 3-25), the
ramptime will default to zero.

Gives control of the output on function to
the Userport. Press the switch to transfer
control betweenthis interface and whatever

otherinterface has control (control panel or
Host port). Whencontrol is transferred from
the User port to the control panel, the
OUTPUTOFF LEDwill flash. Press the

OUTPUT OFF switch to cancelthe flashing
before pressing the OUTPUT ONswitch.

DANGER! The OUTPUTOFFswitch will turn

output off even if the unit is under control of
the User port. However, if User pins 14 and 7
(OFF.D and ON.D) are connected to User
pin 19 (INTLKCOM) and REMOTESONis
selected, the output will turn on immediately
after the OUTPUT OFFswitchis released.

(See Two-wire Control, page 3-23.)

Allowstarget-life counter to be programmed
(see discussion of target controls, pages 4-5
and 4-6).
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HOW IT WORKS
 

User Port Functions

Manyofthe functions that are available from the control panel are also
available through the user-remote interface. The exceptions are:

cannottransfer control from one interface to another

cannot store parameters (they are only in effect when the MDXis
looking at the Userpins;if the voltage on the pins changes, the
specific parameter changes)
cannotspecify targetlife
cannot pause during a ramp
cannot set the modesthat are selected with the MODE key switch
cannot modify run time
cannot set out-of-setpoint timer

The available functions include:
e

selecting active target-life counters
tuming output on and off
specifying method of output regulation
monitoring the system interlock string
setting ramp time
specifying output setpoint
monitoring output parameters and status
cannot use diagnostic features

Three of the REMOTESswitches can be used in any combination to give
control to the User port. When the LEVELLEDis lit, both method of regulation
(power, current, voltage) and setpoint can be specified from the Userport by
using pins 5, 6, and 27. When the RAMPLEDis lit, a ramp time can be set by
using pin 26. When the ON LEDis lit, output power can be tumed on and off
with pins 7 and 14.

A target-counter numbercan be specified from the Userport any time by using
pins 4, 34, and 35.

[2] When -0 is selected from the control panel with theYOU MODIFY knob, whatevertarget-life counter has beensatan»>selected with the Userpins will be active. If no target
has beenselected with the Userpins, target 0 is the
default. See page 4-5 for information on selecting
target-life counters.

2-31
Artisan Technology Group- Quality Instrumentation ... Guaranteed | (888) 88-SOURCE| www.artisantg.com

Page 58 of 245 Ex. 1025, Page 58



     

           

 

   
     

     
 

     
     
    
    
    
      

  
     

 

  

 
 

   

  
 

  
  

 
 

  

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

Page 59 of 245 Ex. 1025, Page 59



Ex. 1025, Page 60

HOW IT WORKS
 

Host Port

First the MODEkey switch must be set to PROG or LOCK and Host pin 6
must be low. Then you can enable the Host port by pressing the REMOTES,
HOSTswitch; the LED on the switchwill light. (On the minipanel you press the
miniature pushbutton switch, causing the switch to light.)

You can do everything from the host computerthat you can do from the
control panel, except that you cannot set the modes that are selected with the
MODEkeyswitch.

Transmission Parameters

RS-232 ASCII format

1200 baud

even parity
1 start bit, 7 data bits, two stop bits

Host pin 6 (DSR) must be connected to Host pin 7 (COM) before the MDXwill
recognize communication on the Hostport.

The MDX sends data through Host pin 2 (TXD); this pin must be connected to
pin 3 on the RS-232 host computer's connector.

The MDXreceives data through Host pin 3 (RXD); this pin must be connected
to pin 2 on the RS-232 host computer's connector.

All data requests and commands must end with a camiage retum (<cr>). Note
that responses from the MDX will also end with a camiage retum.

2-33
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HOW IT WORKS
 

Data Request
from Host

R<cr>

Ramp Timer
S<cr>

System Status

T<cr>

Target Life Left
U<cr>

Target Config

V<cr>

Actual Voltage
W<cr>

Actual Power

Z<ci>

Max Output

Format of

Response

DDDDR

FAAS

DDDDT

OODDU

DDDDV

DDDDW

DDDDZ

Example of
Response

1234R

8048S

0921T

0013U

0430V

O300W

1) 06002
2) 5000Z
3) 0625Z

Explanation of the
Example Response

Ramptime has beenset for 12.34 min.

Status of the system. See Tables 2-5 and 2-6 to interpret
the response.In this case, the MDX is set for power
regulation, a plasma exists, and the host computeris in
control.

Thekilowatt-hours remaining on the selected target-life
counteris 921 kWh.

The fourth digit represents the numberof the selected
target-life counter — 3 in this case.
Thethird digit indicates how the target number was
selected; here the “1" meansthatit was selected from
either the front panel or host computer. A "0" would mean
that the target was selected from the Userport.

Actual output voltage = 430 V.

Actual output power = 3 kW (for power, a decimal point is
implied between the second and third digits).

Maximum output that is possible for this MDX model, given
the selected voltage tap and methodof regulation (see
tables on pages 1-19 and 1-21 for possible maximums in
various configurations):
1) 600 V (standard MDX 5K,tap 1, voltage regulation)
2) 5000 W (standard MDX 5K,tap 1, power regulation)
3) 6.25 A (standard MDX 5K,tap 3, current regulation)

2-35
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HOW IT WORKS
 

Conditions:

1 = Host pin 6 (DSR)is low,i.e., Host pins 6 (DSR) and 7 (COM) are
connected.

2 = MDXis undercontrol of host computer (in response to a system status
request, bit 3 = 1 for the fourth character).

3 = Setpoint level is not under control of the User port (in response to a
system status request, bit 2 = 0 for the fourth character).

2-37
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HOW IT WORKS
 

*Conditions:

1 = The fourth character of the response to a system status request (S<cr>) must be 8-F(i.e.,
the MDX must be underhost control).

2 = The fourth character of the response to a system status request (S<cr>) must be 0-3 or 8-B
(i.e., the setpoint must not be undercontrol of the Userinterface).

3 = The fourth character of the response to a system status request (S<cr>) must be 0,1, 4, 5,
8, 9, C, or D (i.e., the ramp timer must not be undercontrol of the Userinterface).

2-39

Artisan Technology Group- Quality Instrumentation ... Guaranteed | (888) 88-SOURCE| www.artisantg.com

Page 66 of 245 Ex. 1025, Page 66



     

       
  

               
              

              
             

  
   
   

 
   

  
   
   

 
   

  
   

   

 
   

  
   
   
   
   

 

   
          
       

       

       
 
 

       

        
  

        
  

 
 

   
  

 
         

         
         

             
      

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

Page 67 of 245 Ex. 1025, Page 67



Ex. 1025, Page 68

HOW IT WORKS
 

Table 2-5. Responses to Requests for System Status
(S<cr>)

The form of the response is ##4HES. See pages 2-43 and 2-44 for a discussion
of how to interpret this response, or see Table 2-6 to translate the hexadecimal
characters found in the response to the bit conditions for each characterthatis
listed below.

First Character

if bit 3=1 and MDxXis in powerregulation
bit 2=0

if bit 2=1 and MDxXis in current regulation
bit 3=0

if bit 2=1 and MDXis in voltage regulation
bit 3=1

if bit 1=1 ramp has been paused
if bit O=1 an arc has been sensed (this bit will not reset until

the S<cr> commandis sent)

Second Character

if bit 3=1 rampis in progress
if bit 2=1 plasmais indicated
if bit 1=1 ramp(if any) is complete and output setpoint level

has been reached

if bit O=1 output is on

Third Character

if bit 3=1 output has been tumed on
if bit 2=1 either 1) the interlock string is broken, 2) host-

remote control was requested from the host
controller, or 3) the specified run time is over

if bit 1=1 the target-life counter has reached the end of the
programmedtargetlife

if bit O=1 illegal command

Fourth Character

if bit3 = 1 MDXis underhost-remote control

if bit 2 = 1 setpoint (“level”) is under user-remote control
if bit1 = 1 ramp timeris under user-remote control
if bit O = 1 output on/off function is under user-remote control

2-41
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HOW IT WORKS
 

Translating Responses to Status Requests

In the two examples that follow, the letters “K” and “S” are merely repetitions
of the commandletters — this serves to confirm that you really typed K and
not J, or S and not T. Each of the four hexadecimal characters that precede
the commandletter is a messageinitself. Table 2-6 allows you to quickly
convert each hexadecimalcharacter to a binary number. Then Table 2-4 or
Table 2-5 can be usedto interpret what each character meansby converting
each binary numberto a message.

Example oftranslating a response to an interlock status request (K<cr>):
7800K

K

confirmation of command letter

7

. gO to Table 2-6 andfind “7" in the first column; look across the other
columnsto see that 7 meansthat bits 2, 1, and 0 are set to 1

. gO to Table 2-4 and look under“first character”
bit 2=1, so User pin 14 is high
bit 1=1, so the waterinterlock is not satisfied
bit O=1, so the vacuum interlockis not satisfied

—_

i)

8

. go to Table 2-6 andfind “8" in thefirst column; look across the other
columnsto see that 8 meansthatbit 3 is set to 1

2. go to Table 2-4 and look under “second character”
bit 3=1, so the auxiliary interlock is not satisfied

_

0

As you can see from Table 2-6, a 0 in the response meansthat nobits are set
to 1, and so a Ois just a space filler.

2-43
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O water
O vacuum
O aux

TEST LEFT DISPLAY RIGHT DISPLAY

ACTUAL MODIFY SETPT ACTUAL

EMERGENCY STOP OUTPUT REGULATION

OFF ON POWER CURRENT RAMP

Lronoed

 
MDX 208 Standard Contro/j Panel, Front View

 
MDX Minipanel, Front View
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MDX 208 Master, Rear View
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PARTIl

OPERATING YOUR MDX

MAGNETRONDRIVE
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PREPARING FOR USE

CONTENTS

Setting Up 2... cece cc cee ce eee eee ence eneeee 3-5

Unpacking... ...... 0.2 cece cee cee ene ee eens 3-5

Design Considerations ............. cece eee ee ees 3-5

Spacing Requirements .............. 202. ee ee ee eee 3-7

Cooling Requirements. ...........-.0 cece eee ee eeee 3-9

Making Rear Panel Connections..................-..--- 3-13

GMOunding ... 2... eee ccc eee eee eee ee en eee 3-13

Connecting Input Power ................. ee eee ee eee 3-14
Standard “Y”" Connection ................----0-- 3-15

Delta Connection ........... 02. cece eee eee eee 3-15

Connecting the Output... 2... ... cee ee eee ee eee 3-17

Connecting for Host-remote Control.................. 3-18

Connecting for User-remote Control.................. 3-18

Signal Descriptions: User VO Pins................ 3-19

Wiring Options ....... 2.0... eee eee ee eee 3-24
Three-wire Control ............ 0.0.2 eee ee eee 3-24

Two-wire Control... 2.0... eee eee ee eee eee 3-24

External Monitoring of Output.................. 3-25

External Programming of Ramp Timer/Setpoint. ... 3-26
NormalInterlock Connection .................. 3-26

Cheater Plug............ 2... eee eee eee eens 3-27

Connecting a Remote Control Panel ................. 3-27

Display Bypass Plug...............ce ee eeeeee 3-28

Connecting for Master/Slave Operation ............... 3-28

Disconnecting ......... cc cece ee eee eee renee 3-29

First-time Operation........... 2.0... cece eee eee eee eee 3-31

Start-up Procedure ........ ccc cece cee cence eee eens 3-31

 
3-3

Artisan Technology Group- Quality Instrumentation ... Guaranteed | (888) 88-SOURCE| www.artisantg.com

Page 79 of 245 Ex. 1025, Page 79



Ex. 1025, Page 80

PREPARING FOR USE
 

SETTING UP

Unpacking

Unpack and inspect your MDX magnetron drive power supply carefully. Check
for obvious physical damage. If no damageis apparent, proceed to make the
connections.If you do see signs of shipping damage, contact Advanced
Energy Industries, Inc., and the carrier immediately. Save the shipping
container for submitting necessary claims to the carrier.

Design Considerations

All MDX models are designed to mountin a standard 19-inch (48.26-cm) rack
by meansofthe rack ears attached to the power supply. The MDXis an
air-cooled power supply, so it is important to ensure that adequate ventilation
is provided.Laterin this section you will find discussions of spacing and
cooling requirements for both rack and cabinet mounting.

3-5
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Spacing Requirements

e¢ The clearance betweeneither side of the MDX and the enclosure

must be 1 inch (25 mm).
e The clearance between the top of the MDX and the topof the

enclosure must be 1 inch (25 mm).
e The clearance between powersupplies must be 1 inch (25 mm).
e The clearance betweenthe fan grills on the rear of the MDX and

the enclosure must be 9 inches (229 mm), with adequate
ventilation (see pages 3-9 through 3-11).

1” (25 mm)
minimum clearance

to top of rack

" (25 mm)minimum clearance
between units 

ed ® YOSSI

1” (25 mm)
minimum clearance from
enclosure to rack, each side

Figure 3-1. illustration of top, side, and inter-unit clearance requirements for MDX units
stacked in a cabinet.

3-7
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)

Z L
Figure 3-2,illustration ofrear clearance requirements for MDXunits stacked in a cabinet.

9” (229 mm) minimum clearance
from rear of fon to reor of rack

3-8
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Cooling Requirements

For the MDXto be sufficiently cooled, the cabinet must be configured to:
e bring in coolant air of the correct temperature (35°C maximum)
e distribute input (coolant) air to the power supplies
e prevent exhaust air from circulating back and becoming input air
e exhaust the hot air from the cabinet with minimal airflow restriction

Youwill also need to add air baffles to the rack to prevent exhaustair from
recirculating.

Boffle

Figure 3-3, Graphic representation ofthe view looking down on the top of an MDXin a
rack. The arrows show the direction ofair flow.

3-9

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE| www.artisantg.com

Page 83 of 245 Ex. 1025, Page 83



Ex. 1025, Page 84

Ac
PARTIl
 

The following is a synopsis of the principles to follow when designing a cabinet
containing a “stack” of MDX powersupplies.

Each MDXis cooled by two fans onthe rear panelof the unit. The inlet fan
blowsair into the unit and the exhaust fan blows the heated exhaustairout.

Since these fans are next to each other, you will need to place a deflection
plate between them sothat the exhaust air is not drawn back into the unit by
the inlet fan.

Each MDX requires 200 CFMofinlet air. A cabinet opening of approximately
30 square inches (193.5 cm?) is required to accomodatetheinletfan. At a full
load of 10 kW,each unit dissipates 1.1 kW intemally and produces 200 CFM
of exhaustair. A cabinet opening of 30 square inches (193.5 cm?) is also
required to accomodate the exhaust fan.

As an example, a cabinet containing six power supplies (See Fig. 3-4 on the
next page) would require a total inlet area of 180 square inches (1161 cm?) _
that is, 6 units x 30 square inches per unit. One method would be to perforate
a total area of 180 square inches (1161 cm?) on the side or rear of the cabinet.
For the exhaust fan, however,it is preferable to locate the opening entirely on
the rear of the cabinet. An important consideration during cabinet design is the
need for a physical barrier separating the hot exhaust air from theinletair
used for cooling. To be mosteffective, such a barrier should extend from the
topmost powersupply to the bottom powersupply.

EY Note: Multiply the number of powersupplies by 30YOU square inches (193.5 om?) to get the inlet area for oneFao» side of the cabinet. You will also need to provide the
same exhaustareafor the other side of the cabinet.

SHOULD KNOw...A

In this example,all six units will exhaust into the rear of the cabinet (6 units x
1.1 KW perunit = 6.6 kW total). We recommendthat a fan or a blower be
mounted nearthe top of the cabinet to help move the hot exhaust air out of the
cabinet and away from the powersupplies.

Note: 1.1 kW is equal to 62.6 BTUs per minute.
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Cabinet exhoust area

 

 
 
 
 

Cobinet boffle separating
inlet air from exhoust air

-
one

Shae-

Dy eeeneLeneeeeoeeeeennCenenYVeeennennenn¥.

\ 
 

\.

Exhoust air fram*[ f. air, each side
Figure 3-4. Illustration of the cooling pattern for six MDX units enclosed in a
cabinet.

Inlet oir to
power supplies power supplies
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Aw
SHOULD KNOW...  

MAKING REAR PANEL CONNECTIONS

Grounding

A protective earth terminalstud is located below and to the right of the main
input terminal block (see foldouts of rear panel, end of Chapter2). This
terminal is connectedinternally to the main terminal block ground position
indicated by the GNDlabel(fifth terminal).

DANGER! Connectthe protective earth
terminal on the MDXrear panel to protective
earth/ground before making any other
connection. 

Fis , ,
SHOULD KNOW... For optimum performance, ground the chassis stud to

the chamberground.

In multi-unit configurations (master/slave combinations, providing from 20 kW
to 80 kW), the MDXwill operate morereliably and be less sensitive to
spurious noise if both the MDX chassis and the system are grounded. The
preferred method of chassis grounding is to daisy-chain a flat copperbraid of
AWG-14 equivalency between units. To further reduce noise between units,
this braid should be as short as possible. Use only one lead to connect the ©
system ground blockto the daisy-chainedunits.

Chassis ground stud

 

 
4 AWG—14 copper braid

vo ground block

3-13
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE| www.artisantg.com

Ex. 1025, Page 86



Ex. 1025, Page 87

PARTIl
 Ar

Connecting Input Power

The standard line voltages are either 200 V ac ms or 208 V ac ms,three
phase, 50/60 Hz.All power supplies leave the factory with their input and
output voltages identified on an enclosed test checklist.

Any changesto the voltage setting require intemal hardware changes. Do not
apply poweruntil these changes are made! Tum to page 4-47 for
instructions.

The line input connection is provided by meansofa five-position, high-current,
feedthrough terminal block (TB) on the rear panel (see next page). Labels on
the TB input terminal shield and below each terminal position showline (A, B,
C), neutral (120 V ac NEUT), and protective earth-ground connections (GND).
A specific phase rotation is not required on any MDX model.

Terminal block

 
  Ground stud
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you
SHOULD KNOW...

 YOu
SHOULD KNOW...

Connect input powerto terminal block contacts with stranded wire of a gauge
recommendedbylocal building codes.A ring lug terminal is recommended to
fit over the UNC-10-32 stud of the terminal block. All connections to protective
earth/ground terminals must have a star-washerbelowthering lug terminal.

Remove the input terminal shield from the terminal block so that you can
install the line cord. After youinstall the line cord, mountthe input terminal
shield on the standoffs.

 

DANGER!Before making any other
connection, connect the ground terminal to
protective earth-ground.

 

Standard “Y” Connection

The standard input connection is normally derived from “Y” connected
sources. By bringing the neutral lead to the power supply, 120 V acis obtained
between terminal 3 and terminal4 of the input terminal block (See the
illustration on the next page). This 120 V ac is used to powerthe intemal logic
of the power supply. The power supply will not function without this 120 V ac
input.

WARNING!If you have a “Y” connected
source, but choose to use an auxiliary
transformer, do not connect the neutral line

from the power source to terminal 4 on the
powersupply (see the illustration on the
next page). A phase to neutral short circuit
could result.

 

Delta Connection

If you have a delta connected source, an auxiliary tranformeris required to
generate 120 V ac betweeninput terminals 3 and 4 (seethe illustration on the
next page).
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Y Connection

1 Input powerterminal block

2 positions

Neutral 4
 
Y Connection,

Auxiliary Transformer re

| input power
| terminal block

2 positions

  

  

00 Nor!
| CONNECT|

eo 3 MDX

3 4
250 VA Max. i

Delta Connection

Input power
terminal block

2 positions

3 MDX

3 4
250 VA Max. |

Ground ———-4 5
|
LL
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Connecting the Output

A female UHF-type output connectoris standard on the MDX. The output
connection is made by means of a male UHF-type connector (Amphenol
83-822), which AE provides. The cable for the output connection is not
included with the MDX, but can be purchased from AE separately.

Upon request, a two-pin terminal blockis also available.

 
Terminol Block (optione!)

Prostic Steeve Aenprenct 83-822

 
Sleeve Assembly (provided)
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Connecting for Host-remote Control

Connect a computerto the Host port for host-remote control of the MDX.
Connect Host pin 6 (DSR.D) to Host pin 7 (COM.D) ; connect Hostpin 2
(TXD.D) to pin 3 of the connector on the host controller, connect Host pin 3
(RXD.D) to pin 2 of the connector on the host controller. Make sure the MODE
key switch is set to PROG or LOCK.A pin-description table is on page 2-10.

Pin 1

 co0000000000
900000000000

Connecting for User-remote Control

Control is given to the Userport if the MODEkey switch is set to PROG or
LOCKand one or more of the REMOTESswitchesis selected. A detailed

description of each signal begins on the next page. Following that are several
wiring diagrams that illustrate three- and two-wire control, extemal output
monitoring, extemal ramp timer and setpoint programming, the normal
interlock connection, and the “cheater” plug.

Pin 1

OODDDDDNDODNDONO0O00000
COCOC0CDDNDDCACOCCNCCNCNCNO

(5 YOU A quick-reference pin-description table for this port ispeihon.>on pages2-8 and 2-9.
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Signal Descriptions: User I/O Pins

pin 1. CS1.D. This 0-15 V output signal, in conjunction with pin 20 (CS2.D)
tells an extemal device (such as the Advanced Energy® cathode-switching
box) which of three (possibly four, depending on the extemal device)target-life
counters the MDX has been set to decrement (as specified from either the
control panel or User pins 4, 34, and 35). This signal will sink 35 mA, and
should be referenced to OUT COM._D (pin 37). It is intemally pulled up to 15 V
through a 10-kQ resistor, and its impedance is 100 2.

Condition of Signal
Target-life .
Counter PM?{ pin20

0 high high

1 low high

2 high low
3 low low

pin 2. OUTPUT.D. Whenhigh,this 0-15 V output signalindicates that the
output is off (and that the contactor is open if contactor hold has not been
selected). Whenlow,it indicates that output is on (and that the contactoris
closed, whetheror not hold contactor has been selected) and will ramp up to
whateversetpoint has been specified (the OUTPUT LEDonthe front panel
will also light). It will sink 35 mA, and should be referenced to OUT COM.D
(pin 37). It is intemally pulled up to 15 V through a 10-kQ resistor, andits
impedance is 100 Q.

pin 3. SETPOINT.D. This 0-15 V output signal indicates that the outputis
equal to the requested setpoint by going low (the SETPOINT LEDonthefront
pane]will also light). It will sink 35 mA, and should be referenced to OUT
COM.D(pin 37). It is intemally pulled up to 15 V through a 10-kQ resistor, and
its impedance is 100 Q.

pin 4. TARGET 0.D. This input signal, in conjunction with pins 35 and 34
(TARGET1.D and TARGET2.D), allows an extemal source to specify which
target-life counter the MDX should decrement.It should be referenced to JN
COM.D (pin 36). Note: An open input defaults to high (15 V); a shorted input
is a low (0V +0.5 V).

pin 5. | REG.D. When the MDXis in remote-level control, this input signalis
used in conjunction with pin 6 (P REG.D) to set the method of output
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same function as does the OUTPUT OFFswitch onthefront panel, unless
contactor hold has been selected. It should be referenced to IN COM.D (pin
36).

pin 15. RESTORE.D.This 0-15 V input signal must be low to clear the “EOFF”
message (caused by pressing the EMERGENCY STOPbutton). Once the
messageis cleared, you can reset the MDX (press OUTPUT OFFortoggle
OFF.D (pin 14) high, then low).

pin 16. REMOTE CONTACTOR HOLD.D.This input signal is used to request
contactor hold. Whenthis signalis high, the main and soft start contactors
will close and open as output is tumed on andoff; whenit is low, the
contactors will remain closed after the first time the dc bus is energized,
regardless of whetheroutput is being produced ornot. It is intemally pulled up
to 15 V through a 10-kQ resistor.

pin 17. unassigned.

pin 18. 15 V. This signal supplies 15 V dc to the status LEDs on passive
displays (both master and slave units). It will source a maximum of 100 mA.

pin 19. INTLK COM.D.This commonis used interchangeably with INCOM.D
(pin 36). It is a dedicated retum to intemal system ground, then to chassis
ground, andfinally to protective earth/ground. We recommendthatall signals
in the interlock string be referencedto this pin.

pin 20. CS2.D. This 0-15 V output signal, in conjunction with pin 1 (CS7.D,
tells an extemal device (such as the Advanced Energy® cathode-switching
box) which of the target-life counters the MDX has been set to decrement(as
specified from either the control panel or Userpins 4, 34, and 35). This signal
will sink 35 mA, and should be referenced to OUT COM.D (pin 37).It is
intemally pulled up to 15 V through a 10-kQ resistor, and its impedance is 100
Q.

Condition of Signal

Target-life nf in 20Counter _ pin<V

0 high high

1 low high

2 high low
3 low low
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pin 29. AUX | OUT.A. This output is specifically provided to drive a slave unit
(see pages 4-49 through 4-51 for details on master/slave operation).It
provides a fully buffered 0-5 V signal representing output current the supply
can produce (10 A for a standard MDX 5K,20 A for a standard MDX 10K, etc.,
see page 1-21). It will source and sink 5 mA through a 2-kQ resistor. It should
be referenced to OUT COMA(pin 9); its impedance is 100 Q.

pin 30. KWH OUT.A. This output provides a fully buffered 0-5 V signal
representing the amountof kilwatt-hours remaining in the targetlife: 5 V+ 2%
= 1000 kWh (updated in 1-kWh increments). It will source and sink 5 mA
through a 2-kQ resistor. It should be referenced to OUT COM.A (pin 9);its
impedance is 100 Q.

pin 31. LEVEL OUT.A. This output provides a fully buffered 0-5 V signal
representing the magnetron drive’s programmedsetpoint level: 5 V =
maximum setpoint. It will source and sink 5 mA through a 2-kQ resistor.It
should be referenced to OUT COM.A (pin 9); its impedance is 100 Q. Note:
Setpoint level can only be measured if the output is on.

pin 32, REF.A. This output signal provides an accurate 5 V reference (5 V+
10 mV). It should be referenced to IN COM.A (pin 10); its impedanceis 100 Q.
Note: Limit current to 5 mA.

pin 33. unassigned.

pin 34. TARGET2.D. This input signal is used in conjunction with pins 4 and
35 (TARGET0.D and TARGET1.D) to specify one of eight possible targets.
The MDX microprocessorusesthis information to keep track of the kilowatt
usagefor all eight targets. Note: An open input defaults to high (15 V); a
shorted input is a low (0 V + 0.5 V).

pin 35. TARGET 1.D. This input signal is used in conjunction with pins 4 and
34 (TARGET0.D and TARGET2.D) to specify one of eight possible targets.
The MDX microprocessorusesthis information to keep track of the kilowatt
usageforall eight targets. Note: An open input defaults to high (15 V); a
shorted input is a low (0 V + 0.5 V).

pin 36. IN COM.D.This commonis used interchangeably with INTLK COM.D
(pin 19). It is a dedicated retum to intemal system ground, then to chassis
ground, and finally to protective earth-ground. We recommend thatall digital
inputs, except the interlock signals, be referenced to this pin.

pin 37. OUT COM.D.This signal is a dedicated retum to intemal system
ground, then to chassis ground, andfinally to protective earth-ground.All
digital outputs should be referenced to this pin.
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OFF.D 14 IE

IN COM.D 36TT
Figure 3-6. Wiring diagram for two-wire control.

External Monitoring of Output

In cases where there is no control panel or host computer, an extemal device
can be hooked upto display what voltage, power, or current level the MDXis
producing. For each of the outputs, 5 V represents full rated output (that is, for
a standard MDX 5K: 1000 V, 5000 W,or 10 A; see tables on pages 1-19 and
1-21 for values produced by other models).

V OUT.A 23

P OUT.A 24

| OUT.A 25

OUT COMA 9

Figure 3-7. Wiring diagram for externally monitoring the output.
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Extemal Programming of Ramp Timer and Setpoint

The next figure shows howto wire the input lines so that you can specify
output setpoint level and ramp time from an extemal source. You will also
need to specify method of output regulation — see page 4-23 and read about
pins 5 and 6 on pages 3-18 and 3-19.

Level Romp

REF.A 32

10 kQ
1/4 W

IN COM.A 10

LEVEL IN.A 27

RAMP IN.A 26

 
Figure 3-8. Wiring diagram for externally programming the ramp timer and the
output setpoint.

Normal Interlock Connection

The following figure shows how to wire if you want to take advantage of the
interlock lines by connecting them to sensors. For example, AUX.D can be
used to wam if a door is open, VAC.Dtoindicate if the chamber contains a
vacuum, and WATER.D to wam of problems with the cooling system for the
magnetron. If any connection is open,the interlock string is broken and output
will not come on. Similarly, if any connection opens during operation, the
output will be tumed off and the appropriate LEDwill flash.

 

 

Auxiliary

AUX.D 11

VAC.D 12

WATER. 13. o—_____—_—_———_9oo 
INTLK COM.D 19

Figure 3-9. Wiring diagram for a normalinterlock setup.
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YO
SHOULD KNOW...

YOU
SHOULD KNOW...

Cheater Plug

The “cheater plug” (See Fig. 3-10) that came attached to the User connector
makes it possible for you to run the MDX essentially right out of the box,
without making any wiring adjustments. You can continue to use the cheater
plug if you wantto ignore (“cheat”) the interlock lines.

If the User port won't be used, you must leave the
cheaterplug attached to the MDX

 

WARNINGIYou are defeating the interlocks
if you use the cheater plug. 

AUX.D 11

VAC.D 12

WATER.D 13

OFF.D 14

RESTORE.D 15

INTLK COM.D 19

Figure 3-10. Wiring diagram for the “cheater” plug.

Connecting a Remote Control Panel

You can connect an Advanced Energy® controV/display panel to your MDX
with a 25-pin, female, D subminiature connector. The corresponding port on
the MDX rear panelis labeled DISPLAY.Do not connect a remote panel to
this port if your MDX hasa full-function front panel.

Note that this connector was designed for connecting an Advanced Energy®
standard remote control panel or minipanel only. The communications format
between Advanced Energy® display panels and the MDxis different than the
RS-232 host communications format. An incorrect connection could damage
the MDX.

Pin 1

CoO0C0CCOCO000
OCCoO000000000 
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Make surethat the tap selection is be the sameforall interconnected units
(see page 4-27).

INTERCONNECT

oO} e©o0000000 oO0000000
MASTER

Master (female)

INTERCONNECT

Ose| 
Slave (male)

Disconnecting

Disconnect the MDX from all voltage sources before openingit for any
adjustment, replacement, maintenance,or repair.

  Aw
SHOULD KNOW... DANGER!Internal components may remain

live for 1 min. after the MDX has been

disconnected.

[] YOU Makesure replacementfuses are of the same ratingon>and specific type as those being replaced.
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FIRST-TIME OPERATION

Start-up Procedure

This procedure assumesthat a control panel (standard or minipanel) is being
used.

1. Make sure that the necessary externalinputs are supplied (refer to signal
descriptions on pages 3-18 through 3-22) or that the “cheater plug” is installed
on the User connector on the rear of the MDX (See page 3-26).

2. Set the MODEkey switch to OFF.

3. Connect the output connector (see details on page 3-15).

4. Tum on the breakerat rear of unit. Both monitors will display “OFF”.

5. Tum the MODEkey switch to LOCK. The monitors will display zeros. The
alarm will sound and the OUTPUT OFFLEDwill blink. Press OUTPUT OFF to

silence the alarm and cause the OUTPUT OFFLEDtostopblinking (it will still
be lit).

6. Tum the MODEkey switch to PROG.Select a regulation mode (POWER,
CURRENT, VOLTAGE,see page 4-3).

7. To set ramp rate, press RAMPand hold while using the MODIFY knob. The
value will be displayed on the right display. (A vemier adjustmentis also
available if you need to set the rate in smaller increments — see the
discussion of contro! panel controls in the second chapter.) Release the RAMP
switch whenthe desired value is reached.

8. To set output level, press LEVEL and hold while using the MODIFY knob.
The value will be displayed on the right display. Release the LEVEL switch
whenthe desired value is reached.

 DANGER!Thenext step will result in high
voltage levels at the output connector. Take
appropriate steps to prevent electrical shock.

YOU
SHOULD KNOW... 
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OUTPUT REGULATION

The product of the MDX magnetrondrive is referred to generically as “output”
throughoutthis manual becauseit is possible to regulate power, current, or
voltage. You can chooseone of these three methods of output regulation at
any time without disturbing the output.

If you switch from one method of regulation to another while output is on, the
appropriatelevel at the instant of change will become the new setpoint. For
example:If the MDX is regulating power and the setpoint level is 1500 W
(voltage level is 500 V and currentlevel is 3 A), and you select voltage
regulation, the new setpoint will be 500 V.If you switch method of regulation
while output is off, however, the setpoint will be set to zero.

Method of regulation can be selected from any active interface. See page 4-23
for User port control and page 4-21 for Host port control.

Power

Powerregulation is selected from the control panel by pressing the POWER
Switch under the REGULATIONlabel (the LED on the switchwill light).
From a host computer, send the S4<cr> command (see page 2-36)to select
powerregulation.
From the Userinterface, pin 5 (! REG.D) must be high and pin 6 (P REG.D)
must be low.

Current

Current regulation is selected from the control panel by pressing the
CURRENTswitch under the REGULATIONlabel (the LED on the switch will
light).
From a host computer, send the S5<cr> command (see page 2-36) to select
current regulation.
From the Userinterface, pin 5 (! REG.D) must be low and pin 6 (P REG.D)
must be high.
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PROGRAM MODE

Program modeis selected by tuming the MODEkey switch on the control
panel to PROG,and provides full access to all functions, settings, and
parameters.

Modeof control cannot be specified from either the Host or the Userinterface.

Target Controls

Target contro! functions allow you to choose from one of eight target-life
counters, set the timer(target life), and monitor the kilowatt-hoursleft on the
timer.

Contro! Panel

For a detailed discussion of the controls, see pages 2-25 through 2-30; for
explanations of the various LEDs, see pages 2-15 through 2-22.

To see what target-life counteris active:
e Make sure the LEDislit on the RIGHT DISPLAY, ACTUALswitch

(press this switch if the LED is notlit).
e Toggle to the KWH LEDontheright meter with the RIGHT

DISPLAY, ACTUALswitch (on the minipanel: the DISPLAY switch
affects the bottom meter).

e Press the SETPT switch momentarily (the LED on the switch will
light).

(A) YOU If the displayed target numberwasselected from thesehr.>Userport, it will be preceded by a hyphen(no -0)
To select a target-life counter:

Make sure outputis off.
Press and hold the TARGETswitch.

Press the SETPT switch momentarily.
Use the MODIFY knobto choose 0-7.

Release the TARGETswitch.
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User Interface

You cannotset the target-life counter from this port; however, you can specify
which target-life counter (0-7) is active.

Use pins 4, 34, and 35 to select a target-life counter (see detailed descriptions
of User pins beginning on page 3-18). The following table details how to select
a counter.

Target-life Condition of Signal

Counter pin 34 pin 35 pin 4
0 high high high

1 high high low
2 high low high
3 high low low
4 low high high
5 low high low
6 low low high
7 low low low

[e] A target-life counter selected with the Userpins will beYOU active when-0 is selected from the control panel with
SHOULD KNOW... the MODIFY knob.

Parameters that can be monitored from the Userport are:

Parameter

The numberof the active target-life
counter(0-3)
Whetherprogrammed targetlife has
ended

The amountof time remaining on the
target-life counter

4-7

User pins

pins 1 and 20

pin 22

pin 30
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Setpoints and Timers

Setpoint Level

You can program an output setpoint level whether or not output is being
produced. If you change method of output regulation (see page 4-3) while
output is off, the previously entered setpoint will be lost. If, however, you
change method of output regulation while output is on, the appropriate level at
the instant of change will become the newsetpoint.

Control Panel:

If output is off:
1. Press the LEVEL switch and hold. The LEDs on the LEVELswitch and

SETPTswitch will light.
2. Use the MODIFY knobto specify the desired setpoint level (displayed on

the right, or bottom, meter).
3. Release the LEVEL switch.

If output is on, and rampis over.
1. The LED on the LEVELswitch will light, indicating that the setpoint level

can be modified without pressing the LEVEL switch.
2. Use the MODIFY knobto specify the desired setpoint level (displayed on

the right, or bottom, meter when the SETPTswitch LEDis lit).

The SETPOINTstatus indicator LED (see page 2-15 or 2-16) lights when
output is equal to the programmedsetpoint; it flashes (and alarm sounds)
whenthe outputis not equal to the programmed setpoint. This LED only lights
or flashes when the PLASMA LED is lit.

HostInterface:

Five requests for data (see table on page 2-34) elicit information relating to
actual output and setpoint levels:

e |<cr> — The response to this commandwill tell you how much
current is actually being produced at that moment.

e \V<cr>— The response to this commandwill tell you how much
voltage is actually being produced at that moment.

e W<cr>— The response to this command will tell you how much
poweris actually being produced at that moment.

e L<cr> — The response to this commandwill tell you what the
output setpoint level is for the selected method of output regulation.

e Z<cr> — The response to this commandwill tell you the maximum
outputlevel that is possible for this MDX model.

4-9
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Three requests for data (see table on page 2-34)elicit information relating to
the ramp timer:

e M<cr> — The responseto this command will tell you how much
time remains in the ramp (after the rampis completed, run time will
be displayed in response to this command).

e P<cr> — The response to this commandwill tell you what the
output level is during the ramp, at that moment.

e R<cr> — The responseto this commandwill tell you how much
time has been programmedinto the ramp timer.

The variable-setting command(see table on page 2-38) used to set the ramp
timer:

e RDDDD<cr>

Two other commands(“S” commands, see page 2-36) relate to the ramptimer:
e SC<cr> — This commandtransfers contro! of the ramp timer from

the Host port to the Userport.
e SD<cr> — This command transfers control of the ramp timer from

the User port to the Host port.

Pausing During a Ramp

If output is being produced, and a rampis in progress, you can cause the
ramp to pause(Fig. 4-1). The MDXwill continue to produce output at the level
it had reached whenthe pause was requested. During the ramp pause you
can changethe value of the outputlevel (from 0 to the maximum output for
yourunit). The MDX will immediately produce output at whatever level you
specify (see Figs. 4-2, 4-3, and 4-4).

Whenthe pauseis released, the MDX will respond in one of two ways.If the
new Output level is at the programmedsetpoint or above it, the MDX will
assume that the rampis over (Figs. 4-2 and 4-3). If the new level is below the
programmed setpoint (Fig. 4-4), the MDX will use whatever programmed ramp
time remains to reach the setpoint (see Setpoint Level, page 4-9).

[E] YOU You cannot cause a ramp to pause from the User

4-11
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Control Panel:

1. Press the LEVEL switch and release. The LEDs on the LEVEL switch,

SETPTswitch, and RAMPswitch will flash, indicating that ramp pause is
active.

2. Use the MODIFY knobto alter the output level displayed onthe right, or
bottom, meter (do not confuse this value with the programmedsetpoint
level).

3. Press the LEVEL switch again to resume the ramp from the newly
specified output level.

HostInterface:

1. Send the S2<cr> command to pausethe ramp.
1a. Optional: Use LDDDD<cr> commandto request a new setpoint.
2. Send the S3<cr> command to resume the ramp.

 
 

Setpoint
e

Pouse

itesOutput
Releose Pause

Ramp Time

Figure 4-1, Graphic representation of a ramp pause; no adjustmentto the output level is
made during the pause.

Fe YOU You candisable the ramp timer by turning the MODIFYfile> knobto the left until four hyphens( ) appear on
the meter.

 

During a ramp the timer counts down and the MINUTESLEDwill bestatically
lit (uring a run the timer counts up and the MINUTES LEDwill flash).

4-12
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Setpoint
e

Release Pause

Output 
Ramp Time

Figure 4-2, Graphic representation ofa ramp pause; the output level has been adjusted
upward during the pause, but is still lower than the setpoint.

e>
a

a

a Setpoint
- ' °
3 I
> i
° * 

Ramp Time

Figure 4-3, Graphic representation ofa ramp pause; the output level has been adjusted
during the pausesothat it is greater than the original setpoint.
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Setpoint

e

Pause

Output

 
*

Release Pause

Ramp Time

Figure 4-4, Graphic representation ofa ramp pause; the output level has been adjusted
downward during the pause.
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Run Timer

The MDX can be programmed from the control panel or a host controller to
shut off output after running for a specified amountof time (0.01-99 min.). The
run timer cannot be set from the Userport.

Control Panel:

1. Press and hold the RAMP switch. The LED on the RAMP switch will light.
2. Momentarily press the SETPT switch. The LED on the RAMPswitch will

go out and the LED on the SETPTswitch will flash, as will the MINUTES
LED associated with the right, or bottom, meter.

3. Use the MODIFY knobto alter the run-time value (up to 99 min.),
displayed in hundredths of minutes onthe right, or bottom, meter.

4. Release the RAMP switch.

At the end of the programmed run time, output will be turned off, the LED on
the OUTPUT OFFswitch will flash, and an alarm will sound. Pressing
OUTPUTOFF will stop the flashing and silence the alarm.

Fal You can disable the run timer by turning the MODIFY
SHOULDXN knobto theleft until four hyphens( ) appear onOW. the meter.

During a runthe timer counts up and the MINUTESLEDwill flash (during a
ramp the timer counts down and the MINUTESLEDwill bestatically lit).

 

Host Interface:

Two requests for data (See table on page 2-34)elicit information relating to the
run timer:

e J<cr> — The response to this commandwill tell you how long the
MDX will run before output is automatically shut off.

e M<cr> — After the rampis over, the response to this command
will tell you how long the MDX has been producing output (since
the ramp ended).

The variable-setting command (see table on page 2-38) used to set the run
timer:

e JDDDD<cr>
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a You can disable the out-of-setpoint timer by turning the
YOU MODIFYknobto the left until four hyphens( )

SHOULD KNOW... appearon the meter. This allows an out-of-setpoint
condition to be continuedindefinitely.

 

Out-of-setpoint Timer

This timer is used to control the amountof time that the MDX can produce
output that is not equal to the programmed setpointlevel. If it can't reach or
maintain the programmed level within the specified 0.01 to 2.55 min.(the timer
begins after any ramp is completed),it will shut off output. This timer cannot
be programmed from the Userport.

Control Panel:

1. Press and hold the CURRENTswitch. The LED on the CURRENTswitch

will light.
2. Momentarily press the SETPT switch. The LED on the SETPT switchwill

flash, as will the AMPS and MINUTESLEDsassociated with the right, or
bottom, meter.

3. Use the MODIFY knobto alter the value displayed on the right, or bottom,
meter.

4. Release the CURRENTswitch.

 

If output has been shut off because the programmed setpoint level could not
be reached or maintained in the specified amountof time:

e “FAIL” will be displayed ontheleft, or top, meter
e “E-12" (see page 2-23) will be displayed on the right, or bottom,

meter

e the OUTPUT OFFswitch LEDwill flash

e an alarm will sound

Press the OUTPUT OFFswitch to clear the messages,stop the flashing, and
silence the alarm.

4-16
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HostInterface:

Two requests for data (See table on page 2-34)elicit information relating to the
out-of-setpoint timer.

e Q<cr> — The responseto this command will tell you how much
time the MDX will operate out of setpoint before it shuts off the
output.

e K<cr> — The responseto this command will indicate if an
out-of-setpoint shutdown has occurred.

The variable-setting command (see table on page 2-38) used to set the
out-of-setpoint timer:

e QDDDD<cr>

4-17
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE| www.artisantg.com

Page 119 of 245 Ex. 1025, Page 119



Ex. 1025, Page 120

CHOOSING MODES/SETTINGS
 

|.OCK MODE

When the MODEkeyswitch is set to LOCK, operation from a control panel is
restricted to tuming output on and off, selecting and viewing the displays
available on the digital meters, and running the test function. All setpoint
values, the method of output regulation, and the active interface that were
specified in program modeare retained, but cannot be changed.

All functions are still available from the Userinterface, providing LEVEL,
RAMP,and/or ON were selected from the control panel before the key switch
was Set to LOCK.All functions are alsostill available from the Hostinterface

(including the ability to give control of specific functions to the Userinterface).

4-19
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REMOTES

Host

The Host port is enabled when the REMOTES, HOSTswitch LEDislit, Host
pin 6 is low, and the MODEkeyswitch is set to PROG or LOCK.If you have a
control/display panel, press the REMOTES, HOSTswitch, causing its LED to
light. You can “force” host-remote control from the host computer with the
S8<cr> command(see page 2-36).

All of the functions that are available from the control panel are also available
through the host-remote interface, including transfering control among the
interfaces if you are also using a contro! panel and/or the User port. A more
detailed description of these functions can be found in the Program Mode
section, which begins on page 4-5.

See page 2-33 for transmission parameters and conditions that must be
satisfied. The pin-description table for the Host port appears on page 2-10.

Several commands can be uSed 1) to elicit a variety of status information from
the MDX (see page 2-34), 2) to set variables (See page 2-38) such as output
setpoint or amount of ramp time, and 3) to control MDX functions (see page
2-36).
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User

With a control/display panel, control is given to the User port when the MODE
key switch is set to PROG or LOCK and when the LEVEL, RAMP, and ON
switches under REMOTESareall selected. Partial control can be given to the
Userport by selecting only one or two of these switches.

The active target-life counter can always be specified with the appropriate
Userpins. The target-life counter specified with the Userpins will become
active if the numberrequested either from the control panel or the host
computeris -0 (however,target 0 is the default if no target-life counter has
been selected from the Userport).

Level

From the contro! panel, press REMOTES,LEVELto transfer control of the
methodof output regulation (pins 5 and 6) and output setpoint level (pin 27) to
the Userport (See detailed description of User pins beginning on page 3-18).
From the Hostinterface, use command SA<cr> to transfer control of these

parameters to the Userport (see “S” commands,page 2-36).

e To select voltage regulation, both pin 5 (I REG.D) and pin 6
(P REG.D) must be high.

e To select power regulation, pin 5 (i REG.D) must be high and pin 6
(P REG.D) must be low.

e To select current regulation, pin 5 (| REG.D) must be low and
pin 6 (P REG.D) must be high.

Method of Condition of Signal

Output Regulation pin 5 pin 6
voltage high high
power high low

current low high

transfers controlof this low low

parameterfrom the User

interface to the control panel or
host computer (whichever
interface is active)
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Anytarget-life counter previously selected with the
YOU User pins becomesactive when -0 is selected as the

SHOULD KNOW... target-life counter from the contro! panel with the
MODIFY knob.

e Use pins 7 and 20 to check the numberof the active target-life
counter (0-3).

e Usepin 22 to see if programmed target life has ended.
e Use pin 30 to see how muchtime remains onthetarget-life

counter.
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TAP SELECTION

Each MDXhasthreepossible voltage taps so that three different output
ranges can be selected for each unit. This is true whetherthe output
transformeris a low Z, standard Z, or high Z (see table on page 4-45). The
samethree voltage taps are available no matter which input voltage (200 V or
208 V) has been selected.

In general each MDXleaves the factory setfor its lowest tap position (tap 1),
but another tap position can be requested whenthe unit is ordered.

The next several pages explain how to choose a different tap. Figure 4-13
(page 4-40) showstherelative positions of the printed circuit boards andlogic
tray.

It is well worth taking the time to figure out which specific voltage tap will work
best for your process. We recommendthat you run your process as close to
the center of a tap range as possible — this minimizes the possibility of
variations in load impedance exceeding thelimits of the tap.

The chamber impedance may vary widely from processto process.If you
have a wide range of chamber impedances or use a broad range oftarget
materials, you will probably have a broad impedance range. This range may
be so broad thatit exceeds the possible range available with a single tap.In
this case, you may actually want a supply that delivers more power than you
need so that you can runall your processes without having to continually
change taps. The two examplesthat follow, and the graphsthat appearin the
appendix, are intended to help you determine whatwill work best for your
situation.
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In Example 1, the impedance rangefits within the limits of the tap at all power
settings; in Example 2, the impedance range exceedsthelimits of the tap at
the desired powersetting of 9.2 kW.

Example 1
The powersupply in this example is an MDX 10K standard Z, the method of
regulation is power, and the operating level is 9.2 kW. We have assumed
typical operating voltages for both a new target and a target near the endofits
useful life.

 

 

 

target when new 580 V

target at end oftarget life (EOTL) 480 V

. Power

To calculate the operating currents, use Current = Voltage

current for new target 9.2 kW |
580V > 15.86 A

current at EOTL 9.2 kW _
480V = 19.16A

Now you havethe voltage range and current rangefor the target overits
useful life. The voltage and current values for the target whenit is new and
then at EOTL have beenplotted on Fig. 4-5 (page 4-31). Notice that the
impedance at both target stages falls within the boundaries of tap 1.

You can goa step farther and calculate the impedance for the target at both
: _ Target Voltage

stages by using the calculation Target Impedance = Target Current

FP If you are specifying a new power supply, you shouldYOU perform the abovestepfirst, with your currentFale» equipment. Note that these measurements are only
accurate at the powerlevel used to make them (here,
9.2 kW). Each target and its associated process
parameters produce a unique environmentin which
the target impedance changesas the power changes.
Therefore, the impedances must be determined for
each target/process combination.
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impedance for new target 580 V _
15.86 A= 2062

impedance at EOTL 480 V _
19.16 A> 2-92

The impedances have beenplotted on Fig. 4-6 (page 4-32); once again you
can see that both impedancesfall within the boundaries of the range available
with tap 1. Therefore, selecting tap 1 will enable the power supply to operate
throughout thelife of the target at a powersetting of 9.2 kW.

Example 2
The powersupply in this example is an MDX 10K standard Z, the method of
regulation is power, and the operating level is 9.2 kW. We have assumed
typical operating voltages for both a new target and a target nearthe endofits
usefullife (this value is lower than in Example 1).

 

 

 

target when new 580 V

target at end of target life (EOTL) 450 V

. Power

To calculate the operating currents, use Current = Voltage

current for new target 9.2 kW _
580 V > 15.86 A

current at EOTL 9.2 kW
450 V = 20.44 A

Now you havethe voltage range and current rangeforthe target overits
useful life. The voltage and current values for the target whenit is new and
then at EOTL have beenplotted on Fig. 4-7 (page 4-33). Notice that the EOTL
current, 20.44 A,is out of the range of tap 1.

You can go a step farther and calculate the impedance for the target at both

 

. . _ Target Voltage
stages by using the calculation Target Impedance = Target C f

impedance for new target S80 V _
15.86 A 36.6 2

impedance at EOTL 450 V |
20.44 A> 229
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Figure 4-5. Graph with the voltage and currentvalues plotted for the Example 1 target
both when it is new and whenit is near the endofits usefullife. The impedances at both
target stagesfall within the boundaries of tap 1. Note: The shading represents an
impedance area not covered by the MDX whenit is regulating voltage.
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IMPEDANCE (2)

Figure 4-6. Graph with the impedancesplotted for the Example 1 target both whenit is
newand whenit is near the end ofits useful life.
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Figure 4-7. Graph with the voltage and currentvalues plotted for the Example 2 target
both when it is new and whenit is near the endofits useful life (EOTL). The EOTL
current is out ofthe range of tap 1. Note: The shading represents an impedancearea not
covered by the MDX whenit is regulating voltage.
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Figure 4-8. Graph with the impedancesplotted for the Example 2 target both whenit is
new and whenitis near the endofits usefullife.
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Figure 4-9. Graph with the voltage and current values plotted for the Example 2 target
both whenit is new and whenit is near the endofits usefullife (EOTL). Since we have
switched to an MDX model capable ofproducing 15,000 W, both target stagesfall within
fhe boundanesoftap 1.
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  YOu
SHOULD KNOW...

Tap-changing Procedure — Detailed

DANGER! Makesurethat the input power to
the MDX has been removed — the MDX

mustbe without input powerfor 1 min. to
allow all capacitors to discharge. Ensure that
all units in multi-supply systems are off, and
that no poweris present at the MDX output.

1. Remove the black metal top cover by removing the six black screws.

2. Remove the smoke-colored safety shields by removing the black oval-head
screws. Underthe safety shield is the logic tray. The logic tray covers the top
of the MDX and beginsat the right side of the chassis (as you look from the
front panel end into the top of the MDX). Three boards — the transductor,
logic, and predrive — plug into the motherboard (see Fig. 4-12 on page 4-41;
also see the safety shield illustration on page 4-42). The motherboard is
mounted on the metallogic tray.

3. To remove the logic tray, disconnect the USER, HOST, DISPLAY, MF1,
and MF2 cables from the motherboard.

WARNING!Label the output wires before
you disconnect them so that you can
reconnect them exactly as they were.
Improper connec-tions will reverse the
polarity of the power supply, possibly
damaging attached hardware.

 

4. Now removethefive screws(Six screws on MDX units with two power
modules) that secure the logic tray to the chassis.

5. Lift the logic tray straight up. Note: Be suretolift straight up or the logic tray
will bind on the four guide posts. Whenthelogic tray is almost out,it will catch
on the right side of the chassis. The logic tray will comefree if you lift the left
side of the logic tray to clearall four guide posts. Set the tray downcarefully to
keep from bending the bottom pins.

6. Toward the rearof the unit is a narrow “tap-select board” with one red end.
If the unit has two modules, the board will be long enoughto reach both
modules. Remove the two screws (for each module) that hold the tap-select
board in place and move it to the desired position.
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7. Check the bottom ofthe logic tray. There are two groups ofsix pins
protruding throughthelogic tray.

8. Re-install the logic tray. Make sure that the logic tray slides straight down.
Pushthe rear right comer down securely and re-insert the screwsthat hold the
logic tray to the chassis.

9. Use an ohmmeterto check for continuity between the below-listed pairs of
pins on the predrive board. The reading should be 1 Q + 0.25 Q betweenthe
pins in each pair. Pin 1 of each connectoris to the rear of the unit.

 WARNING!If all readings are not within the
the above-specified range, remove the logic
tray and checkfor correct pin alignment.

YOu
SHOULD KNOW... 

Forall units, check:

J1, pin 1 and J1, pin3

J2, pin 7 and J2, pin 8
J1, pin 6 and J1, pin 7

For 10K models, also check:

J101, pin 1 and J101, pin 3
J102, pin 7 and J102, pin 8
J101, pin 6 and J101, pin 7

10. Secure the logic tray to the chassis with the five screws (six on models
with two power modules) that you removed earlier.

11. Change the microprocessortap selection by moving the plug on P2to the
appropriate position (see the figure and the table on the next page). The tap
specified with this plug must match the tap specified with the tap-select board
(in step 6).

WARNING! The same tap must be specified
with the plug on P2 (on the motherboard)
and with the tap-select board on the power
module.If the specified taps are different,
the maximum limits for voltage and current
will be wrong, and the MDX may be damaged.

  
 

YOU
SHOULD KNOW...
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To select: Connect these pins:

Tap 1 pins 1 and 2
Tap 2 pins 2 and 3
Tap 3 pins 3 and 4

 
Figure 4-11. The P2 connector on the motherboard(also see Fig. 4-12). Here, tap 1 has
been specified with the plug (shown asa dark rectangle).

12. Reconnect the USER, HOST, DISPLAY, MF1, and MF2 cables.
Reconnect the two output wires (one is black and oneis white) to the
transductor board — remembernot to reverse these wires.

13. Replace the smoke-colored safety shields by replacing the oval-head
screws. Don't pinch ribbon cables between safety shield and logic tray.

14. Tum on the powerto the MDX by tuming on the breakeron the rear panel.
Verify that the green LEDs (labeled REAR DRIVE and FORWARD DRIVEon
the safety shield) are lighted (there is one set of two on 5K models, two sets of
two on 10K models). The MDXis now readytotest.

15. Specify that the method of output regulation is power (See page 4-3); set
the output level at 0.2 kW.

16. Tum on the output and monitor the yellow LEDs that are under the DRIVE
COMMANDlabelon the large safety shield, on theleft side of the predrive
board for 5K models, or on both the left and right sides of the predrive board
on 10K models.If one of the LEDsis brightly lit, one or more of the six pins
on the bottom ofthe logic tray is bent. In this case you must tum off the input
powerand removethe logic tray (steps 3-5). If the yellow LEDs are very dimly
lit, the MDXis ready to operate.

17. Tum off the output.

18. Reinstall the top cover and replace the six screws.

4-40

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE| www.artisantg.com

Page 137 of 245 Ex. 1025, Page 137



Ex. 1025, Page 138

CHOOSING MODES/SETTINGS
 

Positive output

  
 

 
  

 

[ Negative output
Logic board

Fost ramp board
(optional)

Transductor board

Predrive board

Motherboard

Logic tray

Figure 4-12. Exploded illustration showing therelative positions ofsomeofthe printed
circuit boards inside the MDX chassis.
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Figure 4-13. The MDXsafety shield.
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Tap-changing Procedure — Abbreviated

The following is an abbreviated procedure for quick reference. A more
detailed, step-by-step procedure is provided on page 4-37 for the first-time
user.

1. Tum line poweroff.

2. Remove coverand safety shield.

3. Remove cables; label and disconnect output wires.

4. Removelogic tray.

5. Set tap positions and correct voltage range:
e power module #1
e power module #2

6. Reinstall logic tray.

7. Move the jumperat P2 on the motherboard to the desired tap position.

8. Check connections on predrive board.

9. Reinstall cables and reconnect output wires.

10. Replace safety shield.

11. Tum online power.

12. Check green LEDs.

13. Specify power regulation.

14. Tum on output and check yellow LEDson predrive board.

15. Tum off output.

16. Re-install top cover.
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IMPEDANCE OPTIONS

Each MDXis equipped with a built-in impedance-matching transformer. These
transformers are available in high-impedance (“high Z"), standard-impedance
(“standard 2"), and low-impedance (“low 2”) configurations. You can further
modify the load impedance rangesthat the transformerwill accept by
selecting from oneofthree taps.

Depending on the transformer configuration and tap setting (See page 4-49
), load impedancesrequiring voltages from 400 V to 1250 V can be
accomodated. Impedance-range graphsfor the various combinations are
shownin the appendix. Below is a table that shows the maximum current that
can be produced at eachtap.It also showsthe range of output voltages
available at each tap, when the unit is in voltage regulation. \f current or
powerregulation has been selected, the MDX mayactually produce a higher
voltage in order to reach the current or powersetpoint.

Tap Output Volt. MDX 5K MDX10K MDX15K MDX 20K MDX 25K MDX 30K

No. Range
Maximum Output Current: Low Impedance(“Low Z”)

1 0 V to 500 V 12.50A 25.00A 37.50A 50.00 A 62.50 A 75.00 A

0 Vto 640 V 10.00 A 20.00A 30.00A 40.00A 50.00 A 60.00 A

3 0 Vto 800 V 7.75 A 15.50A 23.50A 31.00 A 38.75A 46.50A

Maximum Output Current: Standard Impedance(“Standard Z”)

1 0 Vto 600 V 10.00 A 20.00 A 30.00A 40.00A 50.00A 60.00 A

2 0 V to 800 V 8.00 A 16.00A 24.00A 32.00 A 40.00A 48.00 A

3 OVto1000V 6.25A 12.50A 18.75A 25.00 A 31.25A 37.50A

Maximum Output Current: High Impedance (“High 2”)

1 OV to 775 V 8.00 A 16.00A 24.00A 32.00 A 40.00A 48.00A

2 OVto1000V 640A 12.80A 19.20A 25.60 A 32.00A 38.40 A

3 OVto1250V 5.00A 10.00A 15.00A 20.00 A 25.00A 30.00 A
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LINE VOLTAGE CHANGES

The input voltage for MDX models can be either 200 V ac or 208 V ac.It may
occasionally be necessary to modify the voltage setting from oneto the other.
If so, the following hardware changeis required:

e change overvoltage/undervoitage settings

 
 

AYOU DANGERI Makesurethat the input powerto
SHOULD KNOW...

the MDX has been removedbefore attempt-
ing this procedure. The MDX must be
without input powerfor 1 min. to allow all
capacitors to discharge.

1. Removethe black metal top cover by removing the eight black screws.

2. Remove the smoke-colored safety shield by removing the black ova-thead
screws. Thelogic tray covers mostof the top of the MDX (aboutthree-quarters
of the exposed area) and begins at the right side of the chassis (as you look
from the front panel end into the top of the MDX). Three boards—the
transductor, logic, and predrive—plug into the motherboard (Seetheillustration
on page 4-41; also see the safety shield illustration on page 4-42). The
motherboard is mounted on thelogic tray.

3. Remove the four screws from the transductor board (the PC board directly
under the INSTRUMENTATIONlabelon the large safety shield and unplug it
(do not remove the cables) so that you can set the overvoltage (OV) and
undervoltage (UV) trip levels. Open all switches on S4 (on the motherboard,
see theillustration on the next page), and then close only the switch that
agrees with the inputline voltage.

 
WARNING!If you fail to set the overvoltage
and undervoltage levels so that they
correspond to the input voltage, the MDX will
shut off prematurely due to line voltage
fluctuations.

You
SHOULD KNOW...
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MASTER/SLAVE OPERATION

If you have an MDX powersupply that produces more than 10 kW (15K or
20K models, for example), you have a master unit and one or more slave
units. For the mostpart, setting up and operating such a master/slave power
supply is the same assetting up and operating a single-chassis 5K or 10K
model. The following is a summary of considerations.

Fy Note: To upgrade an MDX 10K modelto a 15K or 20KYOU model, you will need a slave unit, an interconnect
SHOULD KNOW... cable, and software for the masterunit. In some cases,

hardware changes mayalso be required. Contact
Customer Service for more information.

Connect input powerto each chassis just as you would for the 10K model(see
page 3-14).

To interconnect the master and slave units, connect the 30-inch mult
conductor cable with 15-pin connectors (supplied) to the connectors on each
MDXrear panel (MASTER INTERCONNECTor SLAVE INTERCONNECT).
Note: The connectors on the endsof the cable are different on each end, so

that they cannot be incorrectly connected.

To ensure reliable operation and less sensitivity to noise, ground both the
MDX chassis and the system by daisy-chaining a flat copper braid between
units. See the discussion andillustration on page 3-13.

Connect the MDXto the load by attaching the cable or wires (see page 3-15)
to the output connector on the rear panel of the master unit. Do the same for
the slave unit(s). When connecting to the load, make sure that the positive
conductors of both master and slave units are connected to the samepoint.
Repeatthis process for the negative conductors.

Fi YOU A busjunction box is available from AE that isibe»>designedto parallel outputs.
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Makesure that:

e the output configuration (i.e., negative, positive, or floating output) is the
same forall units (pages 1-9 and 3-15)

e the tap selection is the same forall interconnected units (see page 4-27
and the tap-changing procedure on page 4-37).

A slave unit is equipped with a passive front panel and is labeled SLAVE. The
five status indicator LEDs are discussed on page 2-16.

Setpoint LEDs

FP In a master/slave configuration,it is very important toYOU monitor the SETPOINT LEDsofall units because thefile> displayed ACTUAL poweror current value will not
necessarily reflect reality unless all SETPOINT LEDs
are lit.

If the masterunit is at setpoint (i.e., it is producing its portion of the required
output), the ACTUAL value displayed on the contro-pane! meterwill always
be the requested setpoint level (due to an internal assumption madeby the
masterunit). It is possible, however, that the slave unit is not producingits
portion of the required output, or that its breaker has not been tumedon. The
only way to be sure is to watch the SETPOINT LEDs.

If the slave is not delivering the correct amountof power, its SETPOINT LED
will not be lit. If the master unit is equipped with a minipanel or standard
contro! panel, the SETPOINT LEDwill flash. If the master has a passive front
panel, the SETPOINT LEDwill not be lit.
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ARC-CHECK

ARC-CHECK™is a companion to ARC-OUT™ arc-suppression circuitry.It
enhances performance in continuous low-impedance processes such as
cathodic arc deposition and applications that produce conductive flakes.
Flakes short out the power supply. These shorts have someof the
characteristics of arcs, which confuses the ARC-OUTcircuit. ARC-CHECK

was developed to deal with these arc-like process phenomena.

The ARC-CHECKcircuitry is designed to eliminate short-inducing flakes in
applications whereit is impractical to keep the chamber extremely clean.

If the MDX is operating undereither voltage or power regulation, and an
arc-like condition occurs, the ARC-OUTcircuitry will immediately respond to
the perceived arc.If the arc-like condition proves not to actually be a normal
plasmaarc,it will still be present after ARC-OUT has acted.

ARC-OUTwill attempt to extinguish the “arc” for 50 ms.If the condition has
not been cleared in 50 ms, ARC-CHECKtakes over. ARC-CHECKtakes
control and reduces the MDX’s outputlevel to zero and then rampsthe output
to the maximum current available (with the unit's present tap setting, see table
on page 4-45).If this current is enough to remove the short, output voltage
rises. Whenthe voltage (or power) reachesthe operating conditions of the
previously selected method of output regulation, ARC-CHECKretums control
to that circuitry. If the short is not removed by the time the out-of-setpoint timer
runs out, the MDX tumsoff output and displays the “E-12" message (See page
2-23).

Maximum current will be delivered into the short until either theflake is

destroyed or output is shut off. Use the out-of-setpoint timer (page 4-17) to
specify how long the MDX can operate at this level before automatically
shutting off.

 
WARNING!If you do not set a limit on how
long the MDX can drive maximum current
into the flake, the target, other equipment,
and/or the MDX could be damaged.

YOU
SHOULD KNOW...

This feature was not designed to be used whenthe MDxis set for current
regulation.
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FAST RAMP

The minimum limit for a normal ramp is 600 ms; a rampset at any value less
than 0.6 sec. will still take 600 ms, due to software limitations.

The fast ramp feature allows a much shorter ramp time to be specified. To
select this feature, set ramp time (see page 4-10) to four hyphens from the
control panel or four zeros from the Host interface.

Whenfast rampis selected, the range for both the run timer and the ramp
timer will change from 0-99 minutes to 0-99 seconds. The MINUTES LEDwill
flash (rather than being statically lit) to remind you that seconds and not
minutes are being counted.

The available range of fast-ramp times is 50 ms to 1 sec.; the exact time that
an MDX will use when fast rampis specified can be adjusted with an intemal
potentiometer, which is set at the factory to your specification. To make the
adjustment yourself:

1. Tum the MODEkeyswitch to OFF.

2. Remove the black metal top cover by removing the six black screws.

3. Remove the smoke-colored safety shield by removing the black ova-head
screws. The logic tray covers about three-quarters of the exposed area.

4. Tum on the main circuit breaker on the rear panel.

§. Use a frequency counter to monitor the frequency at TP-2 on the fast ramp
printed circuit board (pcb), which is mounted above thefront left comerof the
logic pcb (seetheillustration on page 4-41).

 
Figure 5-1.illustration showing location ofTP-2 on the fast rampprinted circuit board
(the figure on page 4-41 shows therelative positions ofthe printed circuit boards).

§-5
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 YOU
SHOULD KNOW...

CONTACTOR HOLD

The help prolongthelife of the main and soft-start contactors, the MDX is
equipped with a remote contactor hold feature. If your process run times are
short, you may wantto specify that the contactors stay energized after the first
start cycle. With this feature, when User pin 16 (REMOTE CONTACTOR
HOLD.D)is low, the contactors will remain closed afterthefirst time the dc bus
is energized, regardless of whether output is being producedornot. If the pin
is high, the contactors will close and open as output is tumed on and off.

You can also choose permanent contactorhold, which is similar to remote
contactor hold except that the contactoris controlled internally. With this
configuration, the contactors can only be opened by tuming the MODE key
switch to OFF. interlock faults and bus voltagefaults will also open the
contactors.

Youselect one of the contactor hold options with a switch on the
motherboard,using the following procedure.

DANGER!Makesurethat the input powerto
the MDX has been removed before

attempting this procedure. The MDX must be
without input powerfor 1 min. to allow all
capacitors to discharge.

 

1. Remove the black metal top cover by removing the six black screws.

2. Remove the smoke-colored safety shield by removing the black ova-head
screws. Underthis safety shield is the logic tray, which covers most of the top
of the MDX. The motherboard is mounted on the logic tray; three boards
(transductor, predrive, and logic) plug into the motherboard.

3. Remove the screwsthat hold the logic board in place (refer to the labels on
the safety shield to determine which board is the logic board), andlift it out
carefully.

4. You can now see switch S5 on the motherboard.Set it to the CLOSE

position for contactor hold or to the OPEN position for remote contactor
hold.

5-7
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE| www.artisantg.com

Ex. 1025, Page 151



       

              
            

                 
              

           

          

             
              

 
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

Page 152 of 245 Ex. 1025, Page 152



Ex. 1025, Page 153

PARTIll

LEARNING MORE ABOUT

YOUR MAGNETRONDRIVE

Artisan Technology Group- Quality Instrumentation ... Guaranteed | (888) 88-SOURCE| www.artisantg.com

Page 153 of 245 Ex. 1025, Page 153



Ex. 1025, Page 154

Fr OPERATING NOTES
 

Page 154 of 245

 You
SHOULD KNOW...

Dc BIAS

“Dc bias” refers to the dc component of the RF power that is developed
between the cathode and the anodeof a typical RF plasma vacuum system.
This dc componentis blocked from the RF generator by the capacitors that
are used in the impedance-matching networks.

The dc potential is a controllable parameter.It is also a valuable indicator
that itself changes in response to changes in other process parameters.
Some of the parameters that affect dc bias are molecular densities and ratios
of process gases, cathode/anode surface area ratios, pressure regimes and
stability, and RF power densities. While some of these parameters are
controllable, others are fixed and so must be worked around.

The amount of dc bias that is developed within a process system depends
upon the system design or the process being run. Although a systems
manufacturer can use modeling or empirical data to predict the dc bias that
should be expected with a specific system or process, a power supply
manufacturer cannot.

In any case, you can determine dc bias by measuring it yourself with a
high-voltage probe.

DANGER!Lethal high-voltage and
high-current potentials are present during
the measurement of dc bias. Extreme

caution is required to ensure the safety of
yourself and of those working with you.
Carelessness can cause severe burns,
paralysis, or instant death.

 

Measure dc bias at the RF feedthrough. The farther the probe is from the
feedthrough, the less accurate the measurement. This is because dc bias
decreases with distance from the feedthrough due to electrical loss. A
convenient point for taking this measurement, if you are using an Advanced
Energy® impedance-matching network,is inside the impedance-matching
network itself, at the output of the series capacitor.

Dc bias can be regulated in two ways, the choice of which depends upon
the process or application. The mutually exclusive choices result in either
maximum range or maximum resolution.

DC -1
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GROUNDING

Current seeks the path of lowest resistance. If several paths are characterized
by similar impedances,the current flow may randomly switch paths. This
switching may appearasoscillations and causeinterference (“noise”) with
electronic equipment. The goal in any system design is to provide a known,
fixed, lowest impedance path. The wayto dothis is to provide good grounding.

Grounding is important for a variety of reasons:

e it ensures safety of personnel

e it protects equipment

e itis necessary for agency approvals

e it prevents electromagnetic radiation

e it prevents electromagnetic interference

e it provides a known reference for control signals

Grounding requirements and standards are set and promulgated by various
commercial and govemmental agencies.Information is available from UL,
CSA, VDE, FCC, IEEE, SAE, CISPR, and manylocal government agencies.
Always check whatever documents are mandated by yourlocal authorities.
This note is intended to provide a broad overview of grounding issues and
considerations.

AC and DC Grounding

In the real world there is a significant difference between the techniques used
to provide a good dc ground and those used to provide a good ac ground.Just
because a system has a very low dc resistance to earth-ground doesnot at all
imply that it has a good ac earth-ground,or vice versa. A dc ground
connection requires conductors and connectors with adequate cross-sectional
area for the current to be carried; these conductors and connectors must also

be made of material with very little resistance.

An ac ground requires conductors and connectors with adequate surface area
for the current to be carried; however, the conductors and connectors must
also have very little inductive reactance or capacitive reactance to ensure the
lowest possible impedance. This becomes morecritical as the frequency
increasesinto the RF range.

Gmd - 1
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Similarly, noise problems will not always surface during the development
phase of the components that will be used in the system. This is because a
manufacturer cannot simulate the exact environment in which the components
(powersupplies, for instance) will be used. Noise problems tend not to show
up until the componentis installed and operating in its intended environment.
Then, after a few minutes or hours of normal operation, the system finds itself
someplace out in left field. Inputs are ignored and outputs are gibberish. The
system may respond to a reset, or it may have to be tumed off and then back
on again, at which point it commencesoperating as though nothing had
happened. There may be an obvious cause, such as anelectrostatic
discharge from somebody's finger to a keyboard, or the upset occurs every
time another machine is tumed on oroff. Or there may be no obvious cause,
and nothing the operator can do will make the upset repeatitself. But a few
minutes, or a few hours, or a few dayslater it happens again.

One symptom ofelectrical noise problems is randomness,both in the
occurrence of the problem and in what the system doesin its failure. All
operational upsets that occur at seemingly randomintervals are not
necessarily caused by noise in the system. Marginal bus voltages, inadequate
decoupling, rarely encountered software conditions, or timing coincidences can
produce upsets that seem to occur randomly. On the other hand, some noise
sources can produce upsets downright periodically. Nevertheless, the more
difficult it is to characterize an upset as to cause and effect, the more likely it is
to be a noise problem.

Types and Sourcesof Electrical Noise

The namegivento electrical noises other than those that are inherent in the
circuit components (such as thermalnoise) is EMI: electromagnetic
interference. Motors, power switches,fluorescentlights, electrostatic
discharges,etc., are sources of EMI. There is a veritable alphabet soup of EMI
types, and these are briefly described below.

Supply Line Transients

Anything that switches heavy current loads on to or off of ac or dc powerlines
will cause large transients in these powerlines. Switching a vacuum pump on
or Off, for example, can put a large voltage spike onto the ac powerlines.

The basic mechanism behind supply line transients is shownin Fig. 1. The
battery represents any power source, ac or dc. The coils representthe line
inductance between the power source and the switchable loads R1 and R2. If
both loads are drawing current, the line current flowing through theline
inductance establishes a magnetic field of some value. Then, when one ofthe
loads is switchedoff, the field due to that component of the line current

Gmd - 3

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE| www.artisantg.com

Ex. 1025, Page 158



Ex. 1025, Page 159

PARTIll
 Ac

collapses, generating transient voltages, v=L(di/dt), which try to maintain the
current atits original level. That’s called an “inductive kick.” Because of
contact bounce,transients are generated whetherthe switch is being opened
or closed, but they’re worse when the switch is being opened.

L

 
Figure 1. Supply line transients.

An inductive kick of one type or anotheris involved in mostline transients.
Other mechanisms for line transients exist, involving noise pickup on thelines.
The noise voltages are then conducted to a susceptible circuit right along with
the power.

EMP andRFI

Anything that produces arcs or sparkswill radiate electromagnetic pulses
(EMP)orradio-frequency interference (RF!). Spark discharges have probably
caused more software upsets in digital equipment than any other single noise
source. The upsetting mechanism is the EMP produced by the spark. The
EMPinducestransients in the circuit, which are what actually cause the upset.

Arcs and sparks occurin plasma chambers, electron-beam systems, and
magnetron sputtering systems; in associated equipment such aselectric
motors and switches; andin static discharges. Electric motors that have
commutator bars produce an arc as the brushes pass from one barto the
next. Dc motors and the “universal” (ac/dc) motors that are used to power
hand tools are the kinds that have commutator bars. In switches, the same
inductive kick that puts transients on the supply lines will cause an opening or
closing switch to throw a spark. Vacuum systems contain vacuum pumps,
solenoid valves, motors, power supplies, and many other noise producers.

ESD

Electrostatic discharge (ESD)is the spark that occurs when a personpicks up
a static charge from walking across a carpet, and then dischargesit into a
keyboard, or whatever else can be touched. Walking across a carpet in a dry
climate, a person can accumulate a static voltage of 35 KV. The current pulse
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from an electrostatic discharge has an extremely fast rise time — typically, 4
A/nsec. Figure 2 shows ESD waveforms that have been observed by some
investigators of ESD phenomena.

 

 —— Experimental
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Figure 2. Waveformsof electrostatic discharge currents from a hand-held metallicobject.

It is enlightening to calculate the L(di/dt) voltage required to drive an ESD
current pulse through a couple of inches of straight wire. Two inches of
straight wire has about 50 nH of inductance. That’s not very much,but using
50 nH for L and 4 A/nsec for di/dt gives an L(di/dt) drop of about 200 V.
Recent observations by W.M. King suggest evenfasterrise times (Fig. 2B)
and the occurrence of multiple discharges during a single discharge event.

Obviously, ESD sensitivity needs to be considered in the design of equipment
that is going to be used in difficult industrial environments. Although humidity is
controlled in many IC clean rooms,this is not the case in many other clean
rooms. Any time large volumesofair are moved,electrostatic energy will build
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Types of Failures and Failure Mechanisms

A major problem that EMI can causein digital systems is intermittent
operational malfunction. These software upsets occur when the systemis in
operation at the time an EMI source is activated, and are usually characterized
by a loss of information or a jumpin the execution of the program to some
random location in memory. The person whohasto iron out such problems is
tempted to say the program counter went crazy. There is usually no damage
to the hardware, and normal operation can resume as soon as the EMI has
passed or the source is de-activated. Resuming nornal operation usually
requires manual or automatic reset, and possibly re-entering of lost information.

Electrostatic discharges from operating personnel can cause not only software
upsets, but also permanent(“hard”) damageto the system. Forthis to happen
the system doesn't even have to be in operation. Sometimes the permanent
damageis latent, meaning the initial damage may be marginal and require
further aggravation through operating stress and time before permanent failure
takes place. Sometimes the damageis hidden.

Current Loops

Thefirst thing most people learn about electricity is that current won't flow
unlessit can flow in a closed loop. This simple fact is sometimes temporarily
forgotten by the overworked engineer who has spentthe past several years
mastering the intricacies of the DO loop,the timing loop, the feedback loop,
and maybe even the ground loop.

The simple current loop probably owesits apparent
YOU demise to the invention of the ground symbol. By a

stroke of the pen you avoid having to draw the retum
paths of mostof the current loopsin the circuit. Then
“ground”turns into aninfinite current sink, so that
any currentthatflows into it is gone and forgotten.
Forgotten it may be, butit’s not gone. It must return
to its source, so that its path will by all the laws of
nature form a closed loop.

The physical geometry of a given current loopis the key to whyit generates
EMI, whyit’s susceptible to EMI, and how to shield it. Specifically,it’s the area
of the loop that matters.

Anyflow of current generates a magnetic field with an intensity that varies
inversely to the distance from the wire that carries the current. Two parallel
wires conducting currents +/ and-I (as in signal feed and retum lines) would
generate a nonzero magnetic field near the wiresif the distance from a given
point to one wire is noticeably different than the distance from the same point
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ground rather than acting as feedback and crosstalk elements. Besides, from
a mechanicalpoint of view, grounding it is almost inevitable.

A grounded Faradayshield can be used to break capacitive coupling between
a noisy circuit and a victim circuit, as shownin Fig. 4. Figure 4A shows two
circuits capacitively coupled through the stray capacitance between them. In
Figure 4B the stray capacitance is intercepted by a grounded Faradayshield,
So that interference currents are shunted to ground. For example, a grounded
plane can be inserted between PCBs(printed circuit boards)to eliminate most
of the capacitive coupling among them.

Noise Victim
Source Circuit

(0) Capacitive Coupling

C,

 

 

 
 

Faraday Shield

Victim
“} Circuit
  
 

 
Noise

Source

(b) Electrostotic Shielding

Figure 4. Use of Faraday shield.

Shielding Against Inductive Coupling
With inductive coupling, the physical mechanism involved is a magnetic flux
density B from some extemalinterference source that links with a current loop
in the victim circuit, and generates a voltage in the loop in accordance with
Lenz's law: v = NA(B/dt), where in this case N = 1 andAis the area of the
Current Joopin the victim circuit.
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Figure 6B showsthe situation when the cable is grounded at both ends. Does
the shield carry all of the retum current, or only a portion of it on account of the
shunting effect of the common ground connection? The answerto that
question depends on the frequency contentof the signal. In general, the
current loop will follow the path of least impedance. At low frequencies, 0 Hz
to several kilohertz, where the inductive reactance is insignificant, the current
will follow the path of least resistance. Above a few kilohertz, where inductive
reactance predominates, the current will follow the path of least inductance.
The path of least inductance is the path of minimum loop area. Hence,for
higherfrequencies the shield camies virtually the same current as the center
conductor, andis therefore effective against both generation and reception of
EMI.

  
t}
|
|
|

iL

(0) Shield Hos No Effect

(Wigh-trequency—”|
“3 Current Poth i 

eee

howeire uencyrrent Path
(b) Two Return Poths .

Figure 6. Use of coaxial cable.

Note that we have now introduced the infamous “ground loop” problem, as
shownin Fig. 7A. Fortunately, a digital system has somebuilt-in immunity to
moderate ground loop noise. In a noisy environment, however, you can break
the ground loop andstill maintain the shielding effectiveness of the coaxial
cable by inserting an optical coupler, as shownin Fig. 7B. Whatthe optical
coupler does, basically, is allow you to redefine the signal source as being
ungrounded, so that the optically coupled end of the cable need not be
grounded; this still lets the shield carry the same current as the center
conductor. Obviously, if the signal source weren’t grounded in thefirst place,
the optical coupler wouldn't be needed.
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Potential Difference

etween the Two
Ground Points

(0) The Ground Loop

Meeeeeeserereererereerer 
Figure 7. Use of optical coupler.

The Twisted Pair. A cheaper way to minimize loop areais to run the feed and
return wires right next to each other. This isn't as effective as a coaxial cable
in minimizing loop area. An ideal coaxial cable adds zero areato the loop,
whereas merely keeping the feed and retum wires next to each other is bound
to add a finite area.

However, two things work to make this cheaper method almost as good as a
coaxial cable. First, coaxial cables are not ideal. If the shield currentisn't

evenly distributed around the center conductor at every cross-section of the
cable(it isn't), then field cancellation extemal to the shield is incomplete.
Since field cancellation is incomplete, the effective area added to the loop by
the cable isn’t zero. Second, in the cheaper method the feed and retum wires
can be twisted together. This not only maintains their proximity, but the noise
picked upin one twist tends to cancel out the noise picked upin the next twist
downthe line. Thus the “twisted pair” tums out to be about as good a shield
against inductive coupling as coaxial cableis.

The twisted pair does not, however, provide electrostatic shielding (i.e.,
shielding against capacitive coupling). Another operational difference is that
the coaxial cable works better at higher frequencies. This is primarily because
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the twisted pair adds more capacitive loading to the signal source than does
the coaxial cable. The twisted pair is normally considered useful up to only
about 1 MHz; the coaxial cable is considered useful up to 1 GHz.

RF Shielding
A time-varying electric field generates a time-varying magnetic field, and vice
versa. Far from the source of a time-varying EMfield, the ratio of the
amplitudes of the electric and magneticfields is aways 377 Q. Up close to
the source of the fields, however, this ratio can be quite different, and
dependent on the nature of the source. The field where the ratio is near 377
Q is called the far field, and the fied where the ratio is significantly different
from 377 Q is called the nearfield. Theratio itself is called the wave

impedance, E/H.

The nearfield goes out about one-sixth of a wavelength from the source. At
1MHz this is about 150ft., and at 10 MHz it’s about 15 ft. That means thatif
an EMIsource is in the same room with the victim circuit,it's likely to be a
nearfield problem. The reason this matters is that in the nearfield an RF
interference problem could be almost entirely due to E-field coupling or H-field
coupling, and that could influence the choice of an RF shield or whether an RF
shield will help at all.

In the nearfield of a whip antenna, the E/H ratio is higher than 377 Q, which
meansit’s mainly an E-field generator. A wire-wrap post can be a whip
antenna. Interference from a whip antenna would be byelectric field coupling,
which is basically capacitive coupling. Methodsto protect a circuit from
Capacitive coupling, such as a Faradayshield, would be effective against RF
interference from a whip antenna. A gridded-ground structure would be less
effective.

In the nearfield of a loop antenna, the E/H ratio is lower than 377 Q, which
meansit’s mainly an H-field generator. Any current loopis a loop antenna.
Interference from a loop antenna would be by magneticfield coupling, which is
basically the same as inductive coupling. Methodsto protect a circuit from
inductive coupling, such as a gridded-ground structure, would be effective
against RF interference from a loop antenna. A Faraday shield would be less
effective.

A more difficult case of RF interference, nearfield orfar field, may require a
genuine metallic RF shield. The idea behind RF shieKding is that time-varying
EMIfields induce currents in the shielding material. The induced currents
dissipate energy in two ways: IR losses in the shielding material and
radiation losses as they re-radiate their own EM fields. The energy for both of
these mechanisms is drawn from the impinging EMIfies —thus the EMIis
weakened asit penetrates the shield.
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More formally, the I?R losses are referred to as absorption loss, and the
re-radiation is called reflection loss. As it tums out, absorption loss is the
primary shielding mechanism for H-fields, and reflection loss is the primary
shielding mechanism for E-fields. Reflection loss, being a surface
phenomenon,is pretty much independentof the thickness of the shielding
material. Both loss mechanisms, however, are dependent on the frequency (w)
of the impinging EMIfield, and on the permeability (u) and conductivity (c) of
the shielding material. These loss mechanisms vary approximately as follows:

reflection loss to an E-field (in dB) ~ log on@

absorption loss to an H-field (in dB) ~ t Vaou

Where:

t = the thickness of the shielding material.

The first expression indicates that 1) E-field shielding is more effective if the
shield material is highly conductive and less effective if the shield is
ferromagnetic, and 2) that low-frequencyfields are easier to block than
high-frequencyfields. This is shownin Fig. 8.

 ReflectionLoss,R(dB)
0.01 0.1 1 10 100 1000 10,000

Frequency (Kilohertz)

Figure 8. E-field shielding.

Copper and aluminum both have the same permeability, but copperis slightly
more conductive, and so providesslightly greater reflection loss to an E-field.
Steel is less effective for two reasons.First, it has a somewhat elevated
permeability due to its iron content, and, second, as tends to be the case with
magnetic materials,it is less conductive.

On the other hand, according to the expression for absorption loss to an
H-field, H-field shielding is more effective at higher frequencies and with shield
material that has both high conductivity and high permeability. In practice,
however, selecting steel for its high permeability involves some compromisein
conductivity. But the increase in permeability more than makesupfor the
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decrease in conductivity, as can be seenin Fig. 9. This figure also showsthe
effect of shield thickness.

AbsorptionLoss(Hertz) 
10 107 103 10 105 10% 107

Frequency (Hertz)

Figure 9. H-field shielding.

A composite of E-field and H-field shielding is shownin Fig. 10. However,this
type of data is meaningful only in the far field. In the nearfield, the EMI could
be 90% H-field, in which case the reflection lossis irrelevant. It would be

advisable then to beef up the absorption loss, at the expenseofreflection loss,
by choosing steel. A better conductor than steel might be less expensive, but
it wouk also be ineffective.

300

250

200

150

100

50 TotalShieldingEffectiveness(dB)
0.01 0.1 1 10 100 1000 10,000

Frequency (Kilohertz)

Figure 10. E- and H-field shielding.
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A characteristic that can be exploited for low-frequency magnetic fields is the
ability of a high-permeability material such as mumetal to divert the field by
presenting a very low reluctance path to the magnetic flux. Above a few
kilohertz, however, the permeability of such materials is the sameassteel.

In actual fact the selection of a shielding material tumsout to be less important
than the presence of seams,joints and holes in the physical structure of the
enclosure. The shielding mechanisms are related to the induction of currents
in the shield material, but the currents must be allowedtoflow freely. If they
have to detour aroundslots and holes, as shownin Fig. 11, the shield loses
much Ofits effectiveness.

As can be seenin Fig. 11, the severity of the detour has less to do with the
area of the hole than it does with the geometry of the hole. Comparing
Fig. 11C with Fig. 11D showsthat a long narrow discontinuity such as a seam
can cause more RFleakagethana line of holes with largertotal area. A
person whois responsible for designing or selecting rack or chassis
enclosures for an EMI environment needsto be familiar with the techniques
that are available for maintaining electrical continuity across seams.
Information on these techniquesis available in the references at the end of this
note.

|
Shield Rectongulor
Current Slot

a)

Section of
(0) Shield (b)

(c) (d)

Figure 11. Effect of shield discontinuity on magnetically induced shield current.
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Grounds

There are two kinds of grounds: earth ground (safety ground) and signal
ground. The earth is not an equipotential surface, so earth-ground potential
varies. In addition, its other electrical properties are not conducive to its use
as a retum conductorin a circuit. However, Circuits are often connected to
earth ground for protection against shock hazards. The other kind of ground,
signal ground,is an arbitrarily selected reference nodein a circuit— the node
with respect to which other node voltages in the circuit are measured.

Earth Ground

The standard U.S. three-wire, single-phase ac power distribution system is
represented in Fig. 12. The white wire is earth-grounded at the service
entrance. If a load circuit has a metal enclosure or chassis, andif the black

wire develops a short to the enclosure, there will be a shock hazard to
operating personnel, unless the enclosure itself is earth-grounded. If the
enclosure is earth-grounded,a short results in a blown fuse rather than a “hot”
enclosure. The earth-ground connection to the enclosureis called a safety
ground. The advantageof the three-wire power systemis thatit distributes a
safety ground along with the power.

Note that the safety-ground wire carries no current, except in case ofa fault,
so that at least for low frequencies it’s at earth-ground potential alongits entire
length. The voltage of the white wire, on the other hand, may be several volts
different than the voltage of ground, due to the IR drop along its length.

Service Metol

{ Entrance J Enclosure

  Load |Circuit

 
Earth—ground

Figure 12. Single-phase powerdistribution.
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JU

‘ref. PointGround Line
Series Connection

“*~——-Ref. Point
Parallel Connection

Ground Plane
Ref. Point

Multipoint Connection

Figure 13. Three ways to wire the grounds.

The series connection is pretty common becauseit’s simple and economical.
It's the noisiest of the three, however, due to common-ground impedance
coupling betweenthe circuits. Whenseveralcircuits share a ground wire,
currents from onecircuit, flowing through thefinite impedance of the common
ground line, cause variations in the ground potential of the othercircuits.
Giventhat the currents in a digital system tend to be spiked, and that the
common impedance is mainly inductive reactance, the variations could be bad
enoughto causebit errors in high current or particularly noisysituations.

The parallel connection eliminates common-ground impedance problems, but
uses a lot of wire. Other disadvantagesare that the impedance of the
individual ground lines can be very high, and the ground lines themselves can
becomesources of EMI.
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In the muttipoint system, ground impedance is minimized by using a ground
plane with the various circuits connectedto it by very short ground leads. This
type of connection would be used mainly in RF circuits above 10 MHz.

Practical Grounding

A combination of series and parallel ground-wiring methods can be used to
trade off economic and electrical considerations. The idea is to run series

connections for circuits that have similar noise properties, and connect them at
a single reference point, as in the parallel method (shownin Fig. 14).

In Fig. 14, the “noisy and high current signal ground” connects to things like
motors and relays. The hardware groundis the safety-ground connection to
chassis, racks, and cabinets. It’s a mistake to use the hardware ground as a
return path for signal currents becauseit’s fairly noisy (for example,it’s the
hardware ground that receives an ESD spark) and tends to have high
resistance dueto joints and seams.

Nois'
Quiet and High
Signol Current Hardwore

Ground Signal GroundGround

ref. Point
Green—wire

Ground

Figure 14. Parallel connection of series grounds.

Screws and bolts don’t always make good electrical connections because of
galvanic action, corrosion, and dirt. These kinds of connections may work well
atfirst, and then cause mysterious maladies as the system ages.
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Figure 15 illustrates a grounding system for a typical power supply setup in a
vacuunrprocess system, showing an application of the series/parallel
ground-wiring method. Ground lines 1 and 2 are nonmally required by code but
cannot be relied upon in high-power systems. Ground lines 3, 4, and 5
illustrate series grounding.

Groundlines 6 and7illustrate parallel grounding. They ensure that power
supply 1 (PS1) and powersupply 2 (PS2) are integral parts of the system
grounding scheme (the utility connection is usually not a quality ground).
Groundline 8 provides the primary system earth-ground connection.

Current retum 9 ensures a current return path for the power supply output and
should not be confused with the groundlines (1 through 8). See the typical
applications discussed on pages 1-9 through 1-16 for instructions on how to
connect this line with the earth-ground tenninal.

 
  

 
 

 

Anol ogx
neg PS ogy

Digital Master ogZ
Suppresion ON .

o G— Utility

°
OR:

°
Internal O

init
 

  
 

PS 2
Moster

Internal O

Figure 15. Grounding connections for power supplies in a process system.
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The separation of grounds shown in Fig. 16 is similar to what is shownin Fig.
15, but here it is shown at the PCB level. Currents in multiplexed LED
displays tend to put a lot of noise on the ground and supply lines because of
the constant switching and changing involved in the scanning process. The
segmentdriver groundis relatively quiet, since it doesn't conduct the LED
currents. The digit-driver ground is noisier, and should be provided with a
separate path to the PCB groundterminal, even if the PCB ground layout is
gridded. The LED feed and return current paths should be laid out on
opposite sides of the board like parallel flat conductors.

Control Function

fH
VSS

Controlier

VCC

 

 
 
 
 

 
   

 

 

 
 

 VCC|Voltage Row
Regulotor oc

ou Oe Ground

  
Segment Digit
Drivers Drivers

LED Disploy

 

  
Figure 16. Separate ground for multiplexed LED display.

Figure 17 showsright and wrong ways to make ground connectionsin racks.
Note that the safety ground connections from panel to rack are made through
ground straps, not panel screws. Rack 1 correctly connects
signal ground to rack ground only at the single reference point. Rack 2
incorrectly connects signal ground to rack ground at two points, creating a
ground loop around points 1, 2, 3, 4, 1.

Breaking the “electronics ground” connectionto point 1 eliminates the ground
loop, but leaves signal ground in rack 2 sharing a ground impedance with the
relatively noisy hardware ground to the reference point: In fact, it may end up
using hardware ground as a retum path for signal and powersupply currents.
This will probably cause more problems than the ground loop.
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Rock 1 Rock 2

 
  
 
 

 

 
 
 
 

Ground Ground
Strops

  
Incorrect
Ground

 
 

  

p

= Y

wySX
Primary
Power 1Ground

}-
 

Electronics N
Green-wire Ground

Figure 17. Electronic circuits mounted in equipment racks should have separate

ground.connections. Rack 1 shows correct grounding; rack 2 showsincorrectgrounding.

Braided Cable

Ground impedance problems can sometimes be eliminated by using braided
cable. The reduction in impedance is due to skin effect: At higher frequencies
the current tends to flow along the surface of a conductorrather than uniformly
throughits bulk. While this effect tends to increase the impedance of a given
conductor,it also indicates the way to minimize impedance—to manipulate the
shapeof the cross-section so as to provide more surface area. Forits bulk,
braided cable is almost pure surface.

Depending onthe length of the cable and the actual frequencies involved,
there maybe situations where braided cable is not desirable. The individual
strands of wire in the braided cable may present a high inductance to RF and
actually impede current flow. For high-power RF applications,it is usually best
to use a wide copperstrap.
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Earth resistivity

Conducted interference

Radiated interference

Impedance

Resistance

Grnd - 25

A measurement ofthe electrical resistance

of a unit volume of soil. The commonunit of

measureis the ohm-meter, which is the
resistance measured between faces of a

cubic meterof soil by driving ground
electrodes into the earth 1 m apart to a
depth of 1 m.

Interference resulting from conducted
radio-frequency noise, switching spikes,
lightening strikes, or conducted electrical
noise (produced by the operation of other
equipment) that enters equipmentbydirect
coupling.

Interference resulting from radiated
electromagnetic energy that enters
equipment.

Symbol, Z. Unit, ohm (Q). Thetotal
opposition offered by a circuit to the flow of
ac Current. It may be expressed as a vector
sum ofresistance (the "real" part) and
reactance (the “imaginary” part), or as a
magnitude and phase angle. Capacitive
reactance increases as frequency
decreases; inductive reactance increases as

frequency increases.

Symbol, R. Unit, ohm (Q). The simple
opposition to current flow. The “real” part of
impedance. Defined as that factor by which
the mean-square conduction current must be
multiplied to determine the corresponding
powerlost by dissipation as heat or other
permanentradiation loss of electromagnetic
energy from the circuit.
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HOOK-UP NOTES
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Ex. 1025, Page 183

Troubleshooting Guide

These troubleshooting procedures assume that an Advanced Energy® control
panel is connected to the power supply. The control panel can be mounted
directly on the power supply or can be a remote panel. Below is a list of the
most common problems you may encounter.

DANGER!The operating voltages of this
powersupply can be several thousand volts
above or below ground. Use extreme caution
whenany part of the power supply, other
than the control panel, is exposed. The
voltages present inside the power supply are
dangerous and canbe lethal.

 

Wait at least 5 minutes after turning the
powerswitch to the off position before
attempting internal troubleshooting.

Whenever you make a change to the MDX
output or need to check anything inside the
powersupply,first turn off the output and
the circuit breaker.

Problem/Fault Indication Refer To

Control panel LEDsoff, circuit breaker on Chart 1

INTERLOCK LEDsflashing Chart 2

Output won't turn on from control panel Chart 3

Output won't turn on from User I/O port Chart 4

FAIL E-01 message Chart 5

FAIL E-02 message Chart 6

FAIL E-10 message — Chart 7
FAIL E-12 message Chart 8

FAIL E-13 message Chart 9

FAIL E-14 message Chart 10

FAIL E-17 message Chart 11

ARC LEDlit Chart 12

SETPOINT LED flashing Chart 13

Nooutput in poweror current regulation Chart 14

Nooutput in voltage regulation Chart 15

Output shuts off unexpectedly Chart 16

Trb! - 4
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Check Ft con ponel LEDs
motherboard no lit? na breaker

yes

 
  
  

 

Troubleshooting Guide

Chart 1. Control panel LEDsoff, circuit breaker on.

START

Preliminary checks:

Turn on e Verify 208 V ac three-phase input at terminal
circuit block (neutral required).

e Verify 120 V ac between #3 (ac) and #4
(neutral) on input terminal block.

o> Recheck208

no 3—phoseinput
yes

Turn off circuit If 208 V ok,
lbreoker; remove contact
top cover ond AE Customer
sofety shield Service

Check F2
on fuse

boord

 

Replace F2;
turn on
circuit

breoker
yes

   Control Turn off 
circuit

yes

heck cobles Contoct AE(eno)from mother— Customer
board to Service

control ponel

Reploce Ft,
turn on

circuit
breoker

Contoct AE
Customer

yes Service

Control
pone! LEDs

lit?

If no problem 

yes

Trbi - 3
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_ Troubleshooting GuideAc
Chart 2. Interlock LEDs flashing.

START

 
  

 
 

 Verify User
pins 12 and 19

connected to
each other

Turn on
circuit

breoker

Push
OUTPUT OFF
switch once

Verify
stem

no interlock
 
 VAG — VAG © Contact

LED flashing LED flashing AE Customer
? ? yes Service  
 
  
 
 

no

connected to
each other

Verify User
pins 11 and 19

connected to
each other

Verify
system

interlock

Verity
system

interlock

Check intake

air temp.to MDX

AUX Contact
LED flashing AE Customer

? yes Service

Contoct
AE Customer

Service

 
Contoct

AE Customer
Service Reduce

intoke air
temp.
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Troubleshooting Guide

Chart 3. Output won’t turn on from control panel.

 
 
 

 
 
 
 

 
 

 
 
 
 

These conditions must exist before output
can be turned on from the Advanced

Energy® MDXcontrol panel:
Lig ¢ All interlock conditions must be
breaker satisfied.

e The REMOTES,ONswitch LED must
be out (notlit).

e User pin 14 must be low.
Press

switch once

 Press
OUTPUT ON

switch

   
 
 

   
 

 

 
 
 

 
 

a Any Go to
Interlock Troubleshooting output
flashing Chort #2 ,

  
    

 
 

Verify User
pins 14 and 19

connected to
each other

 
 

 
 
  
  
  
  

 

Connect

User pin 14
to pin 19

  Contact
AE Customer

Service

switch set to
PROG press

REMOTES, ON
switch once

 
Trol - 5
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Ex. 1025, Page 187

Ac Troubleshooting Guide
Chart 4. Output won't turn on from User1/O port.

START

These conditions must exist for the output to be tumed on from
the User I/O port:
e All interlock conditions must be satisfied.

Turn on e The REMOTES,ON switch LED must be lit.circuit
breaker 
 
  

  

 
Turn on
output

from systemcontroller

 Output

turns on yes
END

Go to

LE Troubleshooting
yes i Chart #2?

Verify User
pins 7 and 14

e User pins 7 and 14 must go low to tum on output.

 REMOTES, ON

LED lit yes
 

go low whenoncommand is
sent to MDX

 
  
  

Contact
AE Customer

Service  
 
 

With key
switch set to .
PROG press pins 7 and

REMOTES, ON 14 goswitch once low?

Check system
wiring ondcontroller
for correct
operation 

AE Customer
Service 

 
  
  

  
 

Refer to
MDX monual

for host
operation
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Ex. 1025, Page 188

Troubleshooting Guide

Chart 5. FAIL E-01 Message.

Try to clear this message by pressing the OUTPUT OFF switch or tuming the
circuit breakeroff and then on. Contact AE Customer Service if the problem
continues.

Trbl - 7
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Troubleshooting Guide

Chart 7. FAIL E-10 Message.

The display panel and the contro! logic communicate by means of the RS-232
protocol. The “E-10" messageindicates that the panel is not recognizing
communications from the logic. The most common reasonforthis is noise. Try
the following:
e Check the acinput line for noise and a good sine wave.
e Check the grounds and minimize induced noise.
e Check the routing and connection of the remote display cable.

 
 
 

Turn on
circuit

breoker

 
 

 
  

 
 

Unit
runs for a

while before
E-10 ?

  
 

 

E-10

disployed
?

  

 
  
 

 
  

 

Proper
ground

connections?

Turn off
circuit

breoker
 
 
 
 

Correct
ground

connections

 
 
 

Disploy 
 
    

  
  
  

 

Connections cobles

plugged in routed away Reroute
connectors completely? from noisesources

?

Contact AE
Customer

Service
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Ex. 1025, Page 191

= _—«xrroubleshooting Guide
IM Chart 8FAIL E12 message.

The MDX has an out-of-setpoint timer that is accessible when you hold down
the REGULATION, CURRENTswitch and momentarily press the RIGHT
DISPLAY, SETPTswitch. This timer tracks the amount of time that the MDX is

unable to maintain output at the operator-specified setpoint level. The “E-12"
messageis displayed when the amount of time the MDXis “out of setpoint”
exceeds an operator-specified amountof time.
Possible causes:

e The operator-specified time that the MDX can be out of setpoint is too
short for output to tum on.

e Either the operator-specified time that the MDX can be out of setpoint is
too short for the process or there is a problem with the process.

Turn on
circuit breoker

ond press
F

switch once

  

 
Enter setpoint

level ond
turn on
output

 
  

 

Press Increose time ordisoble timer
or contact

AE CustomerService 
E-12

displayed
?  

  
 
 

switch once
to reset

 
 
 

 
 
 

 

 
 

Check actual Soft— Decrease
current ond wore limit setpoint or
power (use reached change system

some setpoint) 2 porometers

Troi - 10
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Ex. 1025, Page 192

Troubleshooting Guide

Chart 9. FAIL E-13 Message.

This messageindicates that the MDX has had a “soft start” failure. A soft start
is a relatively slow charging of the high-voltage dc bus capacitor inside the
MDX through an intemal resistor. The high-voltage dc busis used as the
powersource for the switching transistors that ultimately direct the powerto
the output. An “E-13" messageindicates that the high-voltage dc bus capacitor
has not reached the minimum level necessary for a soft start.
Thingstotry:

1. Makesure that the ac inputline voltage is within AE’s recommended
specifications (see user manual), and check ground connections.

2. Check the soft start fuse (F1) on the fuse board inside the MDX.

3. Make sure that the main contactor closes when output is tumed on (you
should hear a loud snap whenthe contactor closes).

4. Check the MF1 and MF2 plug connections on the motherboard.
5. Check for the following sequence whenoutput is tumed on:

a. LED 1 (yellow) onthe logic PCBlights
b. the main contactor closes (listen for loud snap)
c. LED 2 (red) on the logic PCBlights

If one or more of these things don't happen, contact AE Customer Service.

A troubleshooting flowchart appears on the next page.

Trbl - 11
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Ex. 1025, Page 193

— Troubleshooting GuideAc Chart 9. FAIL E-13 message (continued).

  

Turn on
circuit

breaker

Press

switch once
ond turn on

output

 E-13

displayed
?

Press

} OFFswitch once

Check oc

input fine
voltoge and

grounds

 
Turn off oc

circuit breoker line with—
ond correct in spec

oc input line ?

Turn off circuit
breoker; remove

top cover &satety shield;
locate soft
start fuse

Reploce
soft stort
fuse (FD:
try agoin

.... 5ee . Contact
things to try’ AE Customer

#3 Service

connections
to the

motherboard
 
 

 
 

 
 

 

Correct
MFt ond MF2
connections 
 

Connections
ok?

function as
described2

 
  
  
 

Contact
AE Customer

Service
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Troubleshooting Guide
Chart 10. FAIL E-14 Message.

This messageindicates that the intemal
high-voltage bus has exceeded an acceptable
level. Things to try:

uw 1. Check that the ac input line voltage meets AE’s
breoker recommendedspecification (see user manual).

2. Check the ground connections.
3. Check for the following sequence when output

Dress is tumed on: ;
OFF a. LED 1 (yellow) on the logic PCBlights

switch once; b. the main contactorcloses(listen for loud
output snap)

c. LED 2 (red) on the logic PCBlights

If one or more of these things don't happen,
contact AE Customer Service.

 

  

 
 E-14

disployed?

 Press
OFF

switch
once

  
 

Check oc
input line

voltoge ond

See

"things to try”
grounds #3

 
  

  

 
Turn off
circuit

breoker ond
correct oc
input line

Turn off
circuit

breoker

  
  

 
 

  

 
Recheck ac

input or
contoct AE
Customer

Service

 
  

LEDs
function os
described

?
 
 

Contoct
AE Customer

Service
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Ex. 1025, Page 196

Troubleshooting Guide
Chart 11. FAIL E-17 Message (continued).

Turn on
circuit

breoker

See

“things to try”
#3

Press
OUTPUT OFF
switch once
ond turn on

output

 
  
 

E Contact
function as AE Customer
described? Service

 

 

 
  

 E-17 Turn off
disployed circuit? breoker

Verify MF2 Dischorge
connection on 9
motherboard capacitors atitch

switch once left chassis

Check oc
input line

voltage ond
ground

connections

RemoveF3,F4,
MF2 FS, F6 (25 A)connection fuses on fuse

good? board of
left chassis

 
  

 
  
  
 

   
 

Turn off Turn on circuit

circuit Replug or breaker; press
breocker & repair OUTPUT OFF
correct ac connection switch once;
input line turn on output

  
Turn off
circuit

breoker

E-17

displayed?

Failed Contact
power AE Customer

madule Service

Trbl - 15

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE| www.artisantg.com

Page 196 of 245 Ex. 1025, Page 196



Ex. 1025, Page 197

- Troubleshooting Guide
IM Chan 12, ARC LED lit

The ARC LEDlights whenthe output of the MDX is recognizing an
overcurrent condition. Possible causes:

1. short in the chamber

2. chamberfeedthrough cracked
3. faulty connection
4. failed power module inside MDX (contact AE Customer Service)

 

 
   
 

 
 
  
 

 
  
 

 Turn on
circuit

breoker
 

 

Contoct
AE Customer

Service    

Press OUTPUT
OFF switch

once; select
setpoint; turn

on output

 Try o
different

supply (known
to function)

Go to
  

 
  
 

 
 

Disconnect
output cable Correct

ot MDX foult
output

Second
supply work

ok?
 
  

  Enter setpoints;
turn on output; Original
observe octuol supply
voltage display foulty
in power reg.

  

  

 
Contact

AE Customer
Service
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Troubleshooting Guide

Chart 13. SETPOINT LEDflashing.

Note: Thefollowing conditions may cause the

 

 
SETPOINTLEDtoflash:

Turn on e the ARC LEDis lit (an arc has been detected)
brecker e the maximum currentrating for the selected

voltage tap has been exceeded
e the powerrating for the system has been

exceeded

desired e the maximum voltagerating for the selected
setpoint voltage tap has been exceeded

e aslave unit's SETPOINTLEDis off (notlit)
e a slave unit's interconnect cable is not

(+) correctly installed

Turn on
output

Go to ‘tuoi
Troubleshooting displayed

Chort #14 value same o:
or #15 tpoinyH”7°

SN

Contoct
AE Customer

Service

Slave Slave _.Check
circuit ‘Output cable interconnecteokers onnected cable

on? yes NOS” Y*S|installation
no no

Turn on Go to (,)
Troubleshooting circuit Connect

Chort #12 breoker cable
no

An:
Moke moxirnum Go to (4) Go to (4)

necessory limits of MDX
corrections|yes exceeded

no

Contoct
AE Customer

rvice
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= __|roubleshooting GuideAc
Chart 14. No output in power or current regulation.

 
 

 
 
 
 

 

Note: These are some additional conditions

Turn 6 that may cause the displayed voltage to be
circuit. 1023 V:

breoker e The connection to the chamber may
have been madeincorrectly.

e A fault in the chamber may not be
allowing the plasma to ignite.

e The chamberpressure may not be
correct.

  
Go to

Troubleshooting 
  Go to

TroubleshootingChort
#12  
 

 Select
octuol

current to be
disployed

 
  

  
 
 
 

If controllinglevel from
remote user
verify correclevel to MDX

 
  
 

Actual voltoge
octual current =

octuol power

Contoct
AE Customer

Service 
 

If no problem
octuol found, contoct

voltage to AE Customer
be disployed Service

 
 

 
 

Check for
open

connections
to lood

 
 

Contact
AE Customer

Service 
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Troubleshooting Guide
Chart 15. No output in voltage regulation.
 

Select
ectual
current

ed i controllinsetpoint level from?
same as remote user,

Programmed verify correct
setpoint level to MDX2

Actual voltage x
Select If no problem actual current =
actual found, contoct octual power

voltage to AE Customer ?
be displayed Service

Check for
open

connections
to lood

Contact
voltage < AE Customer
setpoint Service2
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Troubleshooting Guide
Chart 16. Output shuts off unexpectedly (continued).

  
 

Turn on
circuit

breoker   
   
 

 

 

 
  
 
 

 
Both Go to |

fons running Troubleshooting? Chort #1

 

 
 

 
 

  

 
 
  
   
 

Turn on +Check intoke
output from $

; host air temperoture
Enter 2 (see note below)

setpoint level
ond turn on

 f Check
AE Customer D é intake oir

Service > : c flow

  
pu

shuts off

unexpectedly

 
  

 
  
   

Correct
Output intake airshuts off

?  
   
 
 
 

  
 
 
 

Run Disoble timer
time entered or

? increose time

 
 Contoct

AE Customer
Service

Correct Reduce
host intoke air

control temperoture
 

  

 
  

Go to
Troubleshooting

Chart $2  

  Go to
Troubleshooting
Chort #8, #9.
#10, or #11

Note: Output shuts off whenever
host-remote controlis either selected or

“de-selected”(that is, wheneveryou transfer
control either to or away from a host
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APPENDIX
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APPENDIX
 

 

VOLTS  
    

AMPS

Figure A-1. Voltage and currentlimits for an MDX model 5K, “low 2” configuration.
Each numbered “envelope” shows the boundaries for each of the three available
taps. The impedance rangesfor the taps are shown by the four labeled arrows.
Note: The voltage may actually be slightly higher than shown here if the MDX is

pperating in current or power regulation. See the impedance-range graph in19.

A-3
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AE APPENDIX
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1 2 3 4 5 6 7 8 9 10 11 12 i3

Figure A-2. Voltage and current limits for an MDX model 5K, “standard 2” con-
figuration. Each numbered “envelope” showsthe boundaries for each of the three
available taps. The impedance rangesfor the taps are shown by the four labeled
arrows. Note: The voltage may actually be slightly higher than shown here if the

MDX isoperating in current or power regulation. See the impedance-range graphin Fig A-20.
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APPENDIX
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Figure A-3. Voltage and currentlimits for an MDX model 5K, “high Z” configuration. Each numbered “envelope” shows the boundaries for each of the three
available taps. The impedance rangesfor the taps are shown bythe four labeled
arrows. Note: The voltage may actually be slightly higher than shown here if the

MDX isoperating in current or power regulation. See the impedance-range graphig. A-21.
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A= APPENDIX

 

 

 

 
VOLTS     

Figure A-4. Voltage and current limits for an MDX model 10K, “low Z” con-
figuration. Each numbered “envelope” shows the boundaries for each of the three
available taps. The impedance rangesfor the taps are shown bythe four labeled
arrows. Note: The voltage may actually be slightly higher than shown here if the

nFiSoperating in current or power regulation. See the impedance-range graphin Fig. A-22.
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APPENDIX
 

Page 208 of 245
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Figure A-5. Voltage and currentlimits for an MDX model 10K, “standard Z” con-
figuration. Each numbered “envelope” shows the boundaries for each of the three
available taps. The ii ce ranges for the taps are shown bythe four labeled
arrows. Note: The voltage may actually be slightly higher than shown here if the

MDX isoperating in current or powerregulation. See the impedance-range graphin Fig. A-

A-7
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AE APPENDIX
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Figure A-6. Voltage and current limits for an MDX model 10K, “high Z” con-
figuration. Each numbered “envelope” shows the boundaries for each of the three
available taps. The im, ranges for the taps are shown bythe four labeled
arrows. Note: The voltage may actually be slightly higher than shown here if the

MDX isoperating in current or power regulation. See the impedance-range graphin Fig. A-24.
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APPENDIX
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Figure A-7. Voltage and currentlimits for an MDX mode! 15K, “low Z” con-
figuration. Each numbered “envelope” shows the boundaries for each of the three
available taps. Thei ce ranges for the taps are shown bythe four labeled
arrows. Note: The voltage may actually be slightly higher than shown here if the

MDX 'soperating in current or powerregulation. the impedance-range graphin Fig. A-

A-9
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Figure A-8. Voltage and currentlimits for an MDX model 15K, “standard Z” con
figuration. Each numbered “envelope” shows the boundaries for each of the three
available taps. Thei fance ranges for the taps are shown bythe four labeled
arrows. Note: The voltage may actually be slightly higher than shown here if the

MDX isoperating in current or power regulation. See the impedance-range graphin Fig. A-

A-10
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Figure A-9. Voltage and currentlimits for an MDX model 15K, “high Z” con-
figuration. Each numbered “envelope” showsthe boundaries for each of the three
available taps. The impedance rangesfor the taps are shown by the four labeled
arrows. Note: The voltage may actually be slightly higher than shown here if the

MDX 1soperating in current of power regulation. See the impedance-range graphin Fig. A-27.
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Figure A-10. Voltage and current limits for an MDX model 20K, “low Z” con-
figuration. Each numbered “envelope” shows the boundaries for each of the three
available taps. The impedance ranges for the taps are shown by the four labeled
arrows. Note: The voltage may actually be slightly higher than shown here if the

mon isoperating in current or power regulation. See the impedance-range graphin Fig. A-28.
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Figure A-11. Voltage and current limits for an MDX model 20K, “standard Z” con-
figuration. Each numbered “envelope” shows the boundaries for each of the three

available taps. The impedance ranges for the taps are shown by the four labeledarrows. Note: The voltage may actually be slightly higher than shown here if the

MDX isoperating in current or powerregulation. the impedance-range graphin Fig. A-29.
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Figure A-12, Voltage and currentlimits for an MDX model 20K, “high Z” con-
figuration. Each numbered “envelope” shows the boundaries for each of the three
available taps. The impedance ranges for the taps are shown bythe four labeled

arrows. Note: The voltage may actually be slighty higher than shown here if theMDXis operating in current or power regulation. ‘ee the impedance-rangein Fig. A-30. O° graph
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Figure A-13. Voltage and currentlimits for an MDX model 25K, “low Z” configuration. Each numbered “envelope” shows the boundaries for each of the three
available taps. The impedance ranges for the taps are shown by the four labeled
arrows. Note: The voltage may actually be slightly higher than shown here if the

Po.is operating in current orYpower regulation. the impedance-range graphA-31
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Figure A-14. Voltage and current limits for an MDX model 25K, “standard Z” con-
figuration. Each numbered “envelope” shows the boundaries for each of the three

available taps. The impedance ranges for the taps are shown by the four labeledarrows. Note: The voltage may actually be slightly higher than shown here if the

MOK isoperating in current or power regulation. the impedance-range graphig. A-32.
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Figure A-15. Voltage and currentlimits for an MDX model 25K, “high 2” con-
figuration. Each numbered “envelope” shows the boundaries for each of the three

available taps. The impedance ranges for the taps are shown by the four labeledarrows. Note: The voltage may actually be slightly higher than shown here if the
MDX isoperating in current or power regulation. See the impedance-range graphig. A-
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Figure A-16. Voltage and currentlimits for an MDX model 30K, “low Z” con-
figuration. Each numbered “envelope” shows the boundaries for each of the three
available taps. The impedance ranges for the taps are shown bythe four labeled
arrows. Note: The voltage may actually be slightly higher than shown here if the

MDX isoperating in current or power regulation. See the impedance-range graphig. A-34.
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Figure A-17. Voltage and currentlimits for an MDX model 30K, “standard Z” con-
figuration. Each numbered “envelope” shows the boundaries for each of the three
available taps. Thei ice ranges for the taps are shown bythe four labeled
arrows. Note: The voltage may actually be slightly higher than shown here if the

MD* isoperating in current or power regulation. See the impedance-range graphin Fig. A-35.
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Figure A-18. Voltage and current limits for an MDX model 30K, “high Z” con-
figuration. Each numbered “envelope” shows the boundaries for each of the three
available taps. The im ce ranges for the taps are shownby the four labeled
arrows. Note: The voltage may actually be slightly higher than shown here i the

MDX isoperating in current or power regulation. See the impedance-range graphin Fig. .
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Figure A-19. Impedance-range graph for an MDX model 5K, “low Z” configuration.
Shown are the three overlapping ranges of impedance values that can be
accomodated with either tap 1, 2, or 3. The range that can be accomodated with
tap 1 is enclosed bythelines labeled “1"; similarly, the lines that enclose the
other two ranges are labeled "2" and “3.” Also see Fig. A-1.
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Figure A-20. Impedance-range graph for an MDX model 5K, “standard Z” con
figuration. Shown are the three overlapping ranges of impedance values that canbe accomodated with either tap 1, 2, or 3. Therarange that can be accomodated
with tap 1 is enclosed by the lines labeled “1"; similarly, the lines that enclose the
other two ranges are labeled "2" and “3.” Also see Fig. A-2.
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Figure A-21. Impedance-range graph for an MDX model 5K, “high Z” configuration.
Shown are the three overlapping ranges of impedance values that can be
accomodated with either tap 1, 2, or 3. The range that can be accomodated with
tap 1 is enclosed bythe lines labeled “1 "; similarly, the lines that enclose the
other two rangesare labeled "2" and “3.” Also see Fig. A-3.
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Figure A-22. Impedance-range graph for an MDX model 10K, “low Z” con-
figuration. Shown are the three overlapping ranges of impedance values that canbe accomodated with either 1, 2, or 3. Therarange that can be accomodated
with tap 1 is enclosed by the lines labeled “1 “; similarly, the lines that enclose the
other two ranges are labeled "2" and “3.” Also see Fig. A-4.
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Figure A-23. Impedance-range graph for an MDX model 10K, “standard Z” con
figuration. Shown are the three overlapping ranges of impedance values that canbe accomodated with either tap 1, 2, or 3. Theran that can be accomodated
with tap 1 is enclosed by thelines labeled “1"; similarly, the lines that enclose the
other two ranges are labeled "2" and “3.” Also see Fig. A-5.
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Figure A-24. Impedance-range graph for an MDX model 10K, “high Z” con

figuration. Shown are the three overlapping ranges of impedance values that canbe accomodated with either tap 1, 2, or 3. The range that can be accomodated
with tap 1 is enclosed by the lines labeled “1*; similarly, the lines that enclose the
other two ranges are labeled "2" and “3.” Also see Fig. A-6.
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Figure A-25. Impedance-range graph for an MDX model 15K, “low Z” con-
figuration. Shown are the three overlapping ranges of impedance values that canbe accomodated with either tap 1, 2, or 3. Theyrange that can be accomodated
with tap 1 is enclosed by the lines labeled “1"° similarly, the lines that enclose the
other two ranges are labeled "2" and “3.” Also see Fig. A-7.
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Figure A-26. Impedance-range graph for an MDX model 15K, “standard Z” con-
figuration. Shown are the three overlapping ranges of impedance values that can
be accomodated with either tap 1, 2, or 3. The range that can be accomodated
with tap 1 is enclosed by thelines labeled “1"; similarly, the lines that enclose the
other two ranges are labeled "2" and “3.” Also see Fig. A-8.
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Figure A-27. Impedance-range graph for an MDX model 15K, “high Z” configuration. Shown are the three overlapping ranges of impedance values that can
be accomodated with either tap 1, 2, or 3. The range that can be accomodated
with tap 1 is enclosed by the lines labeled “t “; similarly, the lines that enclose the
other two ranges are labeled "2" and “3.” Also see Fig. A-9.
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Figure A-28. Impedance-range graph for an MDX model 20K, “low Z” con-figuration. Shown are the three overlapping ranges of impedancevalues that cantted with eithert 1, 2, or 3. Therangethat can be aap I ccomodatedwith tap 1 is enclosed bythelines labeled “1*; similarly, the lines that enclose the
other two ranges are labeled "2" and “3.” Also see Fig. A-10.

A- 30

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE| www.artisantg.com

Ex. 1025, Page 231



Ex. 1025, Page 232
Page 232 of 245

POWER(Watts)

21,000

20,000

19,000

18,000

17,000

16,000

15,000

14,000

13,000

12,000

11,000

 
10,000

9000

8000

7000

6000

5000

4000

5000

2000

1000

{i|PAAERE 
APPENDIX

  
|

iit7oYA
 

 ae
|a

HEa_| |

8
oY
||

|
|
||
||
||
||
|||

 itty  
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

IMPEDANCE (Q2)

Figure A-29. Impedance-range graph for an MDX model 20K, “standard Z” con-

figuration. Shown are the three overtapping ranges of impedance values that canbe accomodated with either tap 1, 2, or 3. Theyrange that can be acco ted
with tap 1 is enclosed by the es labeled “1"; similarly,frelines that enclose theother two ranges are labeled "2" and “3.” Also see Fig. A

A-31
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Figure A-30. Impedance-range graph for an MDX model 20K, “high Z” con

figuration. Shown are the three overlapping ranges of impedance values that can
accomodated with either 1, 2, or 3. The range that can be accomodatedwith tap 1 is enclosed bythelines labeled “1", similarly, the lines that enclose the

other two ranges are labeled "2" and “3.” Also see Fig. A-12
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Figure A-31. Impedance-range graph for an MDX model 25K, “low Z” con-
figuration. Shown are the three overlapping ranges of impedance values that can
be accomodated with either 1, 2, or 3, The range that can be accomodated
with tap 1 is enclosed by the lines labeled “1*; similarly, the lines that enclose the
other two ranges are labeled "2" and “3.” Also see Fig. A-13.
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Figure A-32. Impedance-range graph for an MDX model 25K, “standard Z” con-
figuration. Shown are the three overlapping ranges of impedance values that can
be accomodated with either tap 1, 2, or 3. The range that can be accomodated
with tap 1 is enclosed by the lines labeled “1"; similarly, the lines that enclose the
other two ranges are labeled "2" and “3.” Also see Fig. A-14.
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Figure A-33. Impedance-range graph for an MDX model 25K, “high Z” con-
figuration. Shown are the three overlapping ranges of impedance values that can
be accomodated with either tap 1, 2, or 3. The range that can be accomodated
with tap 1 is enclosed by the lines labeled “1"- similarly, the lines that enclose the
other two ranges are labeled "2" and “3.” Also see Fig. "A-15.
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Figure A-34, Impedance-range graph for an MDX model 30K, “low Z” con-
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Figure A-35. Impedance-range graph for an MDX model 30K, “standard Z” con-
figuration. Shown are the three overlapping ranges of impedance values that can
be accomodated with either tap 1, 2, or 3. The range that can be accomodated
with tap 71 is enclosed by the lines labeled “1"; similarly, the lines that enclose the
other two ranges are labeled "2" and “3.” Also see Fig. A-17.
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Figure A-36. Impedance-range graph for an MDX model 30K, “high Z” con-
figuration. Shown are the three overlapping ranges of impedance values that can
be accomodated with either tap 1, 2, or 3. The range that can be accomodated
with tap 1 is enclosed by the lines labeled “1"- similarly, the lines that enclose the
other two ranges are labeled "2" and “3.” Also see Fig. A-18.
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Warranty Claims
Advanced Energy® products are warranted to be free from failures due to defects in material and
workmanshipfor 12 monthsafter they are shipped from the factory (please see warranty statement, below,
for details).

In order to claim shipping or handling damage, you must inspect the delivered goods and report such
damageto AE within 30 days of your receipt of the goods. Please notethatfailing to report any damage
within this period is the same as acknowledging that the goods were received undamaged.

For a warranty claim to bevalid, it must:
@ be madewithin the applicable warranty period
e@ include the product serial numberandafull description of the circumstancesgiving rise to the claim
@ have been assigned a return authorization number(see below) by AE Customer Service

All warranty work will be performed at an authorized AE service center(see list of contactsat the front of
the manual). You are responsible for obtaining authorization (see details below) to return any defective
units, prepaying the freight costs, and ensuring that the units are returned to an authorized AE service
center. AE will return the repaired unit (freight prepaid) to you by second-dayair shipment (or ground
carrier for local returns); repair parts and laborwill be provided free of charge. Whoeverships the unit
(either you or AE) is responsible for properly packaging and adequately insuring the unit.

Authorized Returns

Before returning any product for repair and/or adjustment, call AE CustomerService and discuss the
problem with them. Be prepared to give them the serial numberof the unit and the reason for the
proposed return. This consultation call will allow Customer Service to determineif the unit must actually be
returned for the problem to be corrected. Such technical consultation is always available at no charge.

Units that are returned without authorization from AE CustomerService andthat are found to be functional

will not be covered under the warranty (see warranty statement, below). That is, you will have to pay a
retest and calibration fee, and all shipping charges.

Upgrading Units
AE’s products are continually changing as ways to improve them are discovered. AE is happy to upgrade
older units so that they reflect recent improvements. The fee for upgrading a unit will be a percentage of
the currentlist price, based on the age of the unit. Such an upgraded unit will carry a 6-month warranty
(whichwill be added to any time remaining on the original warranty). Contact CustomerService for
specifics on getting an older unit upgraded to the currentrevisionlevel.

Warranty

The seller makes no express or implied warranty that the goods are merchantable orfit for any
particular purpose except as specifically stated in printed AE specifications. The sole responsibility
of the Seller shall be that it will manufacture the goods in accordancewithits published
specifications and that the goodswill be free from defects in material and workmanship. The
seller’s liability for breach of an expressed warranty shall exist only if the goodsare installed,
started in operation, and tested in conformity with the seller’s published instructions. The seller
expressly excludes any warranty whatsoever concerning goods that have been subject to misuse,
negligence, or accident, or that have beenaltered or repaired by anyone otherthan theseller or the
seller’s duly authorized agent. This warranty is expressly madein lieu of any and all other
warranties, express or implied, unless otherwise agreed to in writing. The warranty period is 12
monthsafter the date the goods are shipped from AE.In all cases, the seller has sole responsibility
for determining the causeand nature ofthe failure, and the seller’s determination with regard
thereto shall befinal.
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cabinet configuration ...........-.--+-+-..48- 3-10
cheater plug... ....... 2.2 ee eee eee ee eee 3-27
configurations for magnetron sputtering

factory (negative output) ..............-.4. 1-9
optimum (floating output) .........2..2.2..02. 1-12
optimum (positive or negative output). .......... 1-10

connectors/ports
analog/digital /O port... .........-22.-2--- 2-8, 3-17
cathode pot ......... eee ee eee eee 2-10
host RS-232 port... 2... 2... ee ee ee ee 2-10, 3-18
input power... ........0 0000 eee eee eee 2-7, 3-14
master/silave interface ...............22. 2-11, 3-28
Output... 2... 2. ee ee eee 2-7, 3-17
remote controlpanel ...........-020 020008 2-7, 3-27

contactor hold function... ..............004. §-7

cooling requirements ................0..224- 3-9
current reguiation .. 2.2... .. ee ee ee ee ee 4-3

D

dcbias 2...ee ee ee es 6-3

design considerations ...............-22-0-4- 3-5
disconnecting ............2.000-0 52 ee eee 3-29
display bypass plug... ............0.2. 00008. 3-28

E

emormessageS .. 1... 0. ee ee ee ee ee ee es 2-23
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master/slave operation ...........2.2000008- 4-53
setpointLEDs.............-.2.-0-0-- 008s 4-55

messageS ... 1...ee2-23

minipanel
cathode pot .............-+2.-02-+0208- 2-10
digital meter LEDs .............22.2.204. 2-21
SwitthLEDS ....... 00.2.2 ee ee ee eee 2-17

O

out-of-setpoint timer. .............2.2...2005 4-17
Outputimpedance...............-.2020 006] 1-5, 1-21, 4-43
output regulation .. 2... . ee ee ee ee ee 1-5, 4-3
overtemperature.. 2.2.2.2... 22. ee eee eee 1-18, 2-16
over\undervoltage settings ............--..24- 4-49

P

passive front panel
Status indicatorLEDs .............222005 2-16

pausing duringaramp ..............-2-++-0- 4-11
powerregulation ...............2.2.00000- 4-3
program mode

setpoints andtimers .............2.02004 4-9
targetcontrols. .. 2... eee ee ee eee 4-5

R

ramptimer ................220-- 1... . 4-10
remote operation — Hostport

commands to set variables ................ 2-38

key to translating hexadecimal characters ........ 2-42
requests fordata .... 2... ee ee ee 2-34
responsesto requests for interlock status ........ 2-40
responsesto requests for system status ......... 2-41
S (Status change) commands. .............. 2-36
translating responses to status requests ......... 2-43

funtimer 2.ee ee ee ee 4-15
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4rtisan|Artisan Technology Groupis your sourcefor qualityTecmologyGrup|new and certified-used/pre-owned equipment

Eeeeu SERVICE CENTER REPAIRS WE BUY USED EQUIPMENT
ana Experienced engineers and technicians on staff Sell your excess, underutilized, and idle used equipment
TENS OF THOUSANDSOF at ourfull-service, in-house repair center Wealso offer credit for buy-backs and trade-ins
StStatS www.artisantg.com/WeBuyEquipment ~
EQUIPMENT DEMOS

HUNDREDS OF InstraVew™ REMOTE INSPECTION LOOKING FOR MORE INFORMATION?
MANUFACTURERS Remotely inspect equipment before purchasing with Visit us on the web at www.artisantg. 7 for more
ae ourinteractive website at www.instraview.com 7 information on price quotations,drivers, technical
SATSad specifications, manuals, and documentation
itaeS
Neessa

SECLUELMSEUULLAe Contact us: (888) 88-SOURCE | sales@artisantg.com | www.artisantg.com
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