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To ensure years of dependable service, Advanced Energy® products are 
thoroughly tested and designed to be among the most reliable and highest 
quality systems available wor1dwide. All parts and labor carry our standard 
1-year warranty. 

For Customer Service, call: 

AE, Colorado office 

AE, California office 

AE, Northeast office 

AE, Japanese office 

AE, German office 

all others 

(303) 221-0108 (24-hour line) 
Fax: (303) 221-5583 

(408) 263-8784 (8 a.m. to 5 p.m. Pacific 
Standard Time - California only) 

Fax: (408) 263-8992 

(508) 371-1381 
Fax: (508) 369-1305 

81 (03) 3222-1311 
Fax: 81 (03) 3222-1315 

49 (0711) 777-87-18 
Fax: 49 (0711) 777-87-00 

contact your local service center-see the list on 
the next page 

©1991, Advanced Energy Industries, Inc 

All rights reserved. Printed in the United States of America. This manual is 
supplied to enable the reader to safely install, operate, and service the 
equipment described herein. Making copies of any part of this manual for any 
purpose other than these is a violation of U.S. copyright law. 

In the interest of providing even better equipment, Advanced Energy Industries, 
Inc., reserves the right to make product changes without notification or 
obligation. To the best of our knowledge, the information contained in this 
manual is the most accurate available as of the date on the title page. 

For more information, write Advanced Energy Industries, Inc., 1600 Prospect 
Parkway, Fort Collins, CO 80525. 
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AE Service Centers 

Company Name 

Vacutec AB 
Sweden 

Gambetti Kenologia snc 
Italy 

Segen Technologies, Ltd. 
Israel 

Zeus Co., Ltd. 
Korea 

Schmidt Scientific 
Taiwan 

Returning Units for Repair 

Phone/Fax Numbers 

46 (0) 40-437270 
Fax: 46 (0) 40-435538 

39 (02) 9055660 
Fax:39(02)9052778 

972 (03) 9363106 
Fax: 972 (03) 9362030 

82 (02) 577-3181 
Fax: 82 (02) 576-3199 

886 (02) 5013468 
Fax: 886 (02) 25029692 

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

If you return a unit without first getting authorization from Customer Service, 
and that unit is found to be functional, you will have to pay a retest and 
calibration fee, and all shipping charges. 

Upgrading Units 

AE will upgrade older units for a fee (a percentage of the current list price, 
based on the age of the unit. Such an upgraded unit will carry a 6-month 
warranty (which will be added to any time remaining on the original warranty). 
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WARNING 

SAFE OPERATING PROCEDURES AND PROPER 
EQUIPMENT ARE THE RESPONSfBILllY OF THE 

DANGERI AH personnel who work with or 
who are exposed to this equipment must 
take precautions to protect themselves 
against serious or possibly fatal bodily 

DO NOT BE CARELESS AROUND THIS EQUIPMENT. 

SAFETY 
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CONGRATULATIONS ... 
On your purchase of AE's MDX magnetron drive, which is designed for 
continuous hard use into a vacuum environment. Advanced circuit design and 
calibrated instrumentation make these units the most accurate, most efficient, 
and most versatile in the world today. 

The Advanced Energy® MDX magnetron drive provides exceptional efficiency 
from line to load, quick response to changes in the load, and extremely low 
stored energy in the the output filter. Its many optional configurations and 
standard features also make it a highly adaptable power supply. 

With an MDX you can regulate power, current, or voltage. You can choose any 
of these methods of output regulation at any time without turning the output off. 

Three interfaces are available: a control panel (connected or remote), an 
analog/digital port, and an RS-232 port. Control can be given exclusively to any 
or1e interface or distributed among two or three of them. 

Each MDX is equipped with a built-in impedance-matching transformer. These 
transformers are available in low-impedance, standard-impedance, and 
high-impedance configurations. 

The standard ARC-OUTTM arc-suppression circuitry provides outstanding 
suppression and quenching of arcs, cutting off the energy that feeds hot spots. 
The ARC-CHECK™ option goes one step further and eliminates destructive 
short-inducing flakes. 

Typical applications include de sputtering with RF bias, basic magnetron 
sputtering, cathodic-arc deposition (sputter etching), and de-biased RF 
sputtering. 
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INTRODUCTION 

READ THIS PAGEi 

We know that some of you want to start the magnetron drive now and that 
you have time to read the entire manual, Below is a 1st 

will to read in to started. We think that 
you will find overview of the Manual ix) Interpreting the Manual 

useful. They are very short sections, and are intended to guide you 
the manual. 

Overview the Manual explains the organization of the manual, so that you 
can more quickly find what you the Manual the 
type (what it means when a word appears in capilaUzed 
type, for and what the five (symbols) mean. 

• Physical specifications page 1-19 
• Connectors 2-7 
• Setting up page 3-5 
• Start-up procedures page 3-29 
• Control and 2-15, 2-21, 2-25 

• Line voltage changes 4-47 
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INTRODUCTION 

OVERVIEW OF THE MANUAL 

of major topics covered in the 
hAJ:1rt1n,,c:: within each so that you 

""'11111Qlll';;u here, without to 
wUI 

ix 
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dC®-------------

Using the Special Features describes the contactor hold function, which is 
standard, and the optional ARC-CHECK™ and fast ramp features. 

Part Ill contains two technical operating notes: one on de bias and one on 
grounding considerations. 

X 
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INTRODUCTION 

INTERPRETING THE MANUAL 

Type Conventions 
............ "" pick out what is 

nl'ln:t<:l#ll<:l in type that is l'liffll•l"#llnf 

Pin (RAMP IN.A). that are 
generally in boldface capital 

names, which begin with a 

::;oecnic messag,es that will on the panel are indicated 
auo1tam:>n marks Fund:lons are printed in nni,1tsi,i• lowercase 

(contactor hold). 

How to Use the Symbols 

Safety notes. Important notes conceming potential harm to 
people. 

to 

SHourir'KNow... > Operating notes. More thoughts on how to use the extended 
- ICGllLIIC.::> provided, 
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AC®--------------

m-YOU---' 
SHOULD KNOW ... 

~-YOU _ __. 

SHOULD KNOW ... 

Hook-up and interfacing notes. General practices 
concerning input and output power connections, or used 
in connecting communication and control interfaces. 

Service notes. General practices to be used in 
maintaining this equipment in top running condition. 

xii 
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PARTI 

GETTING TO KNOW YOUR 
MDX MAGNETRON DRIVE 
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WHAT IT IS 

GENERAL DESCRIPTION 

• 

• 
• 

Output Impedance Range 

Output Regulation 

Interfaces 

1 - 5 

is 
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dC®_P_A_R_T_I __________ _ 

Microprocessor Advantages 

The internal microprocessor checks for proper circuit operation while 
supervising all operating parameters. System diagnostics run when the unit is 
initially powered up. Messages are displayed in response to errors. The most 
recent power settings and conditions (such as target life remaining and 
amount of time that the MDX has been producing output), are retained in 
nonvolatile memory. 

Displays 

Instrumentation and status readings are taken and interpreted by the internal 
microprocessor, then displayed on digital front panel displays and LED 
indicators. Power, voltage, current, ramp time, run time, target selection, target 
life, and intertock status are examples of the parameters that are displayed. 

Built-in Protection 

The MDX has complete internal protection for output overvoltage, over­
current, and overpower conditions. The key switch on the front panel can be 
used to restrict access to adjustable parameters. Three separate pins on the 
User port, and corresponding front-panel indicators, are provided for 
safety-related inputs such as vacuum, water, and auxiliary (user-specified) 
intertocks. 

Arc-suppression Circuitry 

ARC-OUTTM provides multilevel suppression and quenching of different types 
of arcs. An added advantage is that ARC-OUT reduces target bum-in time and 
material loss. This feature also prevents energy from being dumped into hot 
spots by sensing a drop in impedance and immediately shutting the power off. 
Start-up after an arc is controlled so that the hot spots cool before power is 
reapplied, thus preventing repeated arcing. 

Sophisticated Options 

Fast Ramp. This feature reduces the minimum time for the power supply to 
ramp to the setpoint, a major benefit for applications with very short cycles. 

Control Panels. The MDX is available with a standard control panel, passive 
front panel, or a combination of a passive front panel and remote control panel 
(standard or minipaneO. Foldout illustrations of the controVfront panels appear 
at the end of the second chapter. 

ARC CHECK™. This proprietary feature eliminates continuous low­
impedance conditions in certain vacuum environments, such as those in 

1 - 6 
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WHAT IT IS
 

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

1-7
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WHAT IT IS 

TYPICAL APPLICATIONS 

Basic Magnetron Sputtering 
Three output configurations are possible for the MDX: negative output voltage, 
posffive output voltage, and floating ground. Provisions within the MDX mg,ccm 

alow you to tie either the anode or the cathode to ground; altematively. you 
can let the output float with respect to ground by not grounding either the 
anode or the cathode. 

Dangerl An understanding of grounding and 
the proper hookup of grounds Is 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.ground with 
the lowest possible impedance (see 
operating note on grounding methods and 
definitions. page 7-1). 

Factory Configuration (negative output) 
Most MOX applications require a negative output voltage, which in tum 
requires that the anode be to ground. The MOX Is shipped with a 
safety Jumper installed as shown in Fig. to make this ground connection, 
although this Is not the optimum configuration. The reason is 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, I ls 
conceivable that a system could be configured with a lethal voltage on the 
coaxial cable's sheath. would be extremely dangerous of the 
possibility that people could unknowingly be exposed to such a voltage at the 
connectors. 

The diSadvantage of having an ground is that additional grounds 
invariably do exist in the means there are two or more 
ground paths in the system. \l\lhen multiple ground the chassis is 
made to conduct some of this current. flow can cause a of 
instrumentation accuracy. electrical and heating of the chassis or 
connectors and it may even the ground-reference voltage level so 
that extemal and intemal control control the MDX erratically or 
not at all. best system performance Is obtained using the "optimum 
configuration (positive or negative output)" described next. 

1 - 9 
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Jli:·-P_A_R_T_I -----------

f actory-instolled 

-----, \Sofety Jumpe, 

MDX 
+ 

Optional 
"'----- Grounded 

Substrate 

Optimum Configuration (positive or negative output) 
The configuration that AE recommends is illustrated In Fag. 1-2, which shows 
an lndependenUy grounded anode at the chamber, fon::ing all return current 
through the anode return path. The design of the chamber may use the 
chamber waif, special Internal shielding structure, or the substrate holder as 
the actual anode. V\lith this setup, ·only one current path wil exist. thus 
eliminating the problems caused by multiple returns. 

Make certain 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 dielecb1c shielding be 
installed over all parts of the coaxial cable and connectors that are exposed. 

When this connection degrades, as it will overtime, the system could become 
unsafe described in the two preceding paragraphs); more llkely, 
performance will be lost. This slow loss of performance can be subtle and ver, 
difficult to detect. Some Indications of ground degradation are of 
instrumentation accuracy, symptoms of Increased noise such as display flicker 
and jitter, data-logging Rnes, secondary plasma development between the 
target and the closest point at ground potential, change in the appearance of 
the chamber plasma at known power levels, and increasingly erratic behavior 
of the power supply or the system controller. 
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WHAT IT IS 

true when MDX is used in the positive 
voltage (grounded cathode} configuration. 

Anode 

+ 

,---- Insulated 

+ Anode 

--- Substrate 

1 - 11 
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ili:G_P_A_R_T_I __________ _ 

Optimum Configuration (floating output) 
In some it is to om;1tl\ire or output of 

MDX with power supply. be another de supply or 
The MDX may of ±400 V 

own (MDX) l"h!!:lcc:i<t 1-4 a typical 
of type. 

VVhen using the MDX in this it is very important to '"''""'"'""" 
a good chassis ground for each power supply. all power supply 

grounds should be connected at one common point. All 
int.,.,r,.,,nn.:,,,-tir,n must 

MOX + 

Anode 

DC Bias + ---1 

1 - 12 

tO nnf,!->ntiiAIIV 

Chamber 

L_P'_ 

Insulated 
,--~~ Feedthrough 
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WHAT IT IS 

DC Sputtering with RF Bias 

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

1c::t~1t1nn on the next 
to proper nrvi,rm11nn 

RF grounding ln~allat~n 

The purpose of this 
substrate. VVith 
RFX can 

1nS1:a11at1on is to elevate 
programming, an 

ae,re1ooea de bias on the substrate 
note on 
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/lC® __ PA_R_T_I -----------

Insulated 

500 

er 
500 

1-5. 

1 - 14 

RF FIiter~ 

-, 

er Target 

Substrate 

Alternate 
Method 

DEFTS-PA_0000029 

Case 5:20-cv-09341-EJD   Document 138-20   Filed 03/18/22   Page 25 of 246



WHAT IT IS 

DC-biased RF Sputtering 

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

DANGERf Lethal high-voltage potentials will 
be present if the tuner, chamber, and MDX 
are not properly grounded. 

power a1~;1panea 
increase in circulating current 

In light of this 
a more favorable fl'\CU'm61 l'l'\<lil"61'f<>n,c,til' 

Will minimi~7A rninrotlnn 

A key in any 
supply/tuner connection: 

1 - 15 
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L\c._P_A_R_T_I _________ _ 

conductor 

___ Insulated 

500 

500 + 

1-6. 

1 - 16 
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WHAT IT IS 

SPECIFICATIONS 

Functional Specifications 

Sources 

n11.:.1rnnr,c of Output 
Regulation 

Setpoints 

1 - 17 

Program - full control is available from all 

Lock~ control~ 
on/off, emergency stop, test 
<::sll!tr'ln,nto::: can be viewed for whatever method 

An output 
output) can 

k\/Vh). 

to the unit's maximum rated 
for or 

U:tm,m-llfA COUntefS (Q.. 7) can be 
or from a control panel. 

~nA!l'Jfi1Kt monitored from a 
(1-9900 
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dC~-P_A_R_T_I ----------

Dual Meters 

Timers and 
Counters 

Fault Conditions 

1 - 18 

Two digital meters on the control panel display 
output information in kilowatts, volts, or amps, 
regardless of whether output is presently being 
produced in power, current, or voltage regulation; 
they display power, voltage, or current setpoint for 
the selected method of output regulation. 

Select a ramp time (600 ms - 99 min.; see page 
5-5 for a discussion of the fast ramp range) or a 
run time (0.01-99 min.; 0.01-99 sec. with fast 
ramp); specify how long output can be out of 
setpoint without triggering an alarm (0.01-2.55 
min.); or program a target life (1-9900 k\/Vh). 

The faults that will cause the MDX to shut off 
output are inter1ock, input power, over­
temperature, and out of setpoint (if this feature is 
activated). Other conditions that cause output to be 
shut off: the EMERGENCY STOP button has been 
pushed, or the time programmed on the run timer 
has been exceeded. 
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Physical Specifications 

Input VoHages 

Input Current 

MDX 

5K 
MDX10K 

MDX25K 
30K 

Output Power 

0-5000 W 1 
0-10,000W 1 
0-15,000 W 2 

w 2 
0-25,000 W 3 
0-30,000 W 3 

Output Display 
Accuracy 

Target Accumulator 

Methods Control 

200Vacor 
maximums. 

19A 
A 

57A 
76A 

A 
114A 

table below 

5 
2 
2 
2 
2 
2 

WHAT IT IS 

V ac full toad; see below for 

kHz 
100 kHz 
100 
100 
100 kHz 
100 
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ilE®_P_A_R_T_I ----------

Output Connector 

Output Cable 

Size 

Weight 

Ambient Temperature: 
Operating 

Storage 

Transportation 

Coolant Temperature 

UHF type, Amphenol part number 83-822 (mate 
supplied) or terminal block. 

RG-8U coaxial cable and/or discrete cables. 

7" (H) X 19" (W) X 19" (D) 
(17.8 cm x 48.3 cm x 48.3 cm). 

MDX SK model: 55 lb. (25 kg). 
MDX 1 OK model: 71 lb. (32.3 kg). 

Minimum 0°c, maximum 40°C (maximum value of 
average over 24 hr.:35°C). If the units are enclosed 
in cabinets, the operator will ascertain the 
temperature at the place of instalation and ensure 
that the macimum ambient temperature is not 
exceeded. 

Minimum -25°C, maximum 55°C. 

Minimum -25°C, maximum 55°C (for short periods 
of up to 24 hr., the maximum is 70°C). 

Air (gas) minimum 0°c, maximum 35°C. 

Coolant Flow Parameters: 
Contamination 

Humidity 

Atmospheric Pressure: 
Operating 

Storage 

Transportation 

1 - 20 

Cooling air should be free of corrosive vapors and 
particles, conductive particles, and particles that 
could become conductive after exposure to 
moisture. 

15-85% relative humidity; no condensation or icing. 

800 mbar minimum (approx. 2000 m above sea 
level). 

800 mbar minimum (approx. 2000 m above sea 
level). 

660 mbar minimum (approx. 3265 m above sea 
level). · 
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No. 

1 
2 
3 

1 
2 
3 

1 
2 
3 

Output 

OVto V 
0Vto640V 
OVto 800V 

0 Vto 600 V 
OVto V 
0 Vto 1000 V 

OVto V 
0 Vto 1000V 
OVto 1250 V 

MDX5K 

A 
10.00A 

A 

A 
8.00A 
6.25A 

A 
6.40A 
5.00A 

Output Parameters 

MDX 10K 

Maximum 

25.00A 
A 

15.50A 

A 
A 

MDX 

37.50A 
30.00A 
23.50A 

1 - 21 

WHAT IT IS 

The table below incHcatE:IS 
that can be at 
range of output available at tap, 
when the MDX Is In voltage regulation page 
+3). 

MDX20K MDX 

50.00A 62.50A 
40.00A 50.00A 

.OOA 38.75A 

MDX 

75.00A 
60.00A 
46.50A 

48.00A 
38.40A 
30.00A 
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HOW IT WORKS 

CONTENTS 

Theory of Operation. • • • • • • . . • • . • • • . . . • . . . • • • • • • • • • • • • 2-3 
Connectors. . . . . . . • . . • • • • . . . • • • • • • • • • • . . • • • • . • • . . • • . 2-7 
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Cathode Port {Minipanel) .•••••••••••...••....••••. 2-10 

Status Information . . . . . • • . . . . . . • • . • • . . ....••.•..... 2-13 
Status Signals •.•••••.....••••••••••••••••..•.... 2-13 
Indicators. . . • . . • • • • • • . . . • . • • . . • • . . . . . . •........ 2-15 

Status Indicator LEDs-Control Panels. • • • • • • • • • . . 2-15 
Status Indicator LEDs-Passive Front Panel •••••.. 2-18 
LEDs on •••.••••••••.•..•.•.••••••.. 2-17 
Digital Meter LEDs • • • •••••••.••••••..•.•...•. 

Messages . . . . . . . . . • • . . . . . . . • • . • . • . • • • • • • • • . • • • . 2-23 
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s {"status Commands. . . . . . . . . • . • • . . . . . 2-38 
Commands To Variables • . . . • . . . • .. . • • • • • . . . 2-38 
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HOW IT WORKS 

THEORY OF OPERATION 

DC 

In 
AC no V 

Housekeeping Supply 

Inverter 

Inverter 
Section 

Control Ponel 

power supply 
figure below and 

Remote 
Interfaces 

V de to power the logic 

ln\ll'>!"fP.r C:U:>t"flnn converts de to ou1se-w1a1U1-lrrlOICIUli:lt84l, 25-kHz ac voltage 
by the current through two sets of transistors 
2-2 and 2-3 on the next 

2-3 
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oc· __ PA_R_T_I __________ _ 

DC 

Input Rectifier 
Bridge 

Inverter 

2-2. Illustration 

2 4 

AC 
25 kHz 

lower Tn::msiator 
Current Flow 

+ 
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HOW IT WORKS 

Output Measurement 
The measures current 

are to 0-5 V de and sent to both 
remote Interfaces sections. 

for providing status infr,rmafir,n 

l'J'\r11rnlilinn the input C:.Af"rtnn 

Control Panel Display 
display on the 

inputs to 
information. 

2-5 
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HOW IT WORKS 

CONNECTORS 

Input Power Connector 
ac input rnn,nAr-tinn is provided by means of a fiV&•PO)!;ltiOn, 

high-current, tenninal block (TB) on ,11,...,,.,u,., at 
the end of this chaptel). 
ti::>nT'linl::11 position on the rear show line (A, B, C), 

connections (GND). 

See page for 

Output Connector 

of output connectors are a UHF type connector 
(Amphenol or a two-pin tenninal block. 

Remote Control Panel Connector 

Connections for a remote Amrarncea i-m=•mvt.111 111""'''"' panel are made through 
a 25-pin, D connector. See 3-26 for details on 

MDX with a full-function front (that 
that is an integrated part will not I',""'""""'"' if a 
is connected to the DISPLAY 

aes1am~e1 for an 
standard remote control or 

The communications format between 
Advanced and the MDX is 
different than the RS-232 host communications format 
An incorrect connection could the MDX. 

2-7 
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No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Analog/Digital 1/0 Port 

Pin 1 

000000000000000000 
000000000000000000 

Pin-description Table 
connector is an 

........... ..,.."""" Note: An ".A" aPJ:>eniCled 

Pin Name Description 

used with pin 

0.15 V 

0-15 V 

O.D with 
0-15V 

COM.A return for 

IN COM.A return for 

input, 5V 

0-15 V 

input, V 

V 

0-15 V 

REMOTE CONTACTOR HOLD.D 0-15 V 

Refer to 

0-15 V p. 

p. 3-18 

p. 

34 35. p. 3-18 

V p. 3-18 

V p. 

p. 

0-15 V p. 9 

p. 3-19 

p. 3-19 

p. 

p. 3-19 

p. 3-19 

p. 

p. 

p. 
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HOW IT WORKS 

No. Pin Name to 

18 15V output mA 

19 INTLKCOM.D return for p. 3-20 

used with pin 1, 0.15 V p. 3-20 

output, 0.15 V p. 3-20 

0.15 V p. 3-21 

23 VOUT.A 0.5V p. 

24 p 0.5V p. 

I 0.5V p. 

26 RAMP IN.A 0.5V p. 

27 LEVEL IN.A 0.5 V p. 3-21 

28 

AUX/ output, 0.5 V p. 

30 KVVH 0.5V p. 

31 0.5V p. 
32 5V, only mA p. 3-22 

33 

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

used with pins 4 p. 
0.15V 

INCOM.D common, with p. 3-22 
pin 19 

OUT outputs p. 

2-9 
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nc· __ PA_R_T_I __________ _ 

Host RS-232 Port 

Connections a host-remote computer are made 
connector. 

3-17 for 

Pin-description Table 
Note: An to a name 1naicatt~s an 

Pin 

1 COM.O data common 
2 MDX 
3 RXD.D data to MDX 
4 
5 
6 DSR.D data set (connect to 
7 common 

Cathode Port (Minipanel} 

1 
2 
3 

2- 10 

4and5 
8 and9 
1 and6 

a" 

7) 
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HOW IT WORKS 

The contacts are rated for. 
10VA 
130V ac 
100 V de 
500mA 

1500 mA ""'"'"'"" 

·--------------------------------------------------------

Kl 

···<>---~---~-~-- ·--o--- ... 
2 3 4 5 6 7 8 9 

internal contacts that is made when 

Master/Slave Interface Connectors 

to and 

2 -11 
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HOW IT WORKS 

STATUS INFORMATION 

Status Signals 

Pin 

1 & 
2 

3 

21 

22 

24 

30 

VOUT.A 

POUT.A 

I OUT.A 

K'NH 

LEVEL OUT.A 

2 -13 

on 

low. 

when the 
Varying 0.5 V signal 
output 

output power. 
V the 

the 
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HOW IT WORKS 

Indicators 

functions can be by checking 1) 
that are In the center of the standard 
knob or the 9 status on the 
switches (see foldout illustrations on 

Status Indicator LEDs-Control Panels 

ARC 

RAMP when output is ramping 
flashes is~oU~vU 

set~IOlntlS n:>ar-n.:::on 

SETPOINT lights when output is to 
flashes (and sounds) when the 

is on and is not equal to 
nrni,rarnm,:>rl when output~ 
turned off. Note: LED only lights or m:1c::ru:ic:t 

when the PLASMA LED is lit. 

PLASMA 
current is arei!!ter 
current CIYCltlGLliv 

on page 1-21). 

OUTPUT Lights to 1nai1~te that output on. 

2 -15 
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dC® __ PA_R_T_I -----------

TARGET LIFE 

TEMP 

WATER 

VACUUM 

AUXILIARY 

Flashes (and an alann sounds) when 
programmed target life ends (i.e., when the 
target-life counter has reached zero). 

Flashes to indicate that the MDX's internal tem­
perature is too high and output was turned off. 

Lights when WATER.D is grounded and 
OUTPUT OFF has been pressed (thus resetting 
the unit, see page 2-17); flashes when connection 
to ground is interrupted, indicating that output has 
been turned off. 

Lights when VAC.D is grounded and OUTPUT 
OFF has been pressed (thus resetting the unit, 
see page 2-17); flashes when connection to 
ground is interrupted, indicating that output has 
been turned off. 

Lights when AUXD is grounded and OUTPUT 
OFF has been pressed (thus resetting the unit, 
see page 2-17); flashes when connection to 
ground is interrupted, indicating that output has 
been turned off. Note: This LED is not on the 
minipanel (however, output will be turned off if 
this condition exists). 

Status Indicator LEDs-Passive Front Panel 

POWER 

ARC 

OUTPUT 

SETPOINT 

TEMP 

2 - 16 

Lights to indicate that the breaker is on (indication 
is for that unit only). 

Lights when an arc is sensed; indicates that the 
ARC-OUT circuit has been activated. 

Lights to indicate that output has been turned on. 

Lights when output is equal to the programmed 
setpoint; goes out when output is not equal to the 
programmed setpoint, or output is turned off. 

Lights to indicate that the MDX's internal te~ 
perature is too high and output was turned off. 
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HOW IT WORKS 

LEDs on Switches 
in the centers of the .,. .. ,1!1 .... n,H, and 

flash to cu11,vi::v 

switches on 
standard control 
SWitCh, If it is rfiff,~l'Alr\f 

LEFT DISPLAY, ACTUAL 
minipanel: DISPLAY 
(lighted 

OUTPUT OFF 

OUTPUT ON 

REGULATION, POWER 
and CURRENT 

2-17 

,...,..., .. ""' on, Indicating 
three on left 

meter (top meter on minipanet) can be 
displayed. 

when the MDX is not 
flashes when reset is Reset 

.::;uu11cu for the following conditions: 
• MDX is up in or 

mode 
• to panel 

from 
• the MODE switch Is moved from 

to LOCK or PROG 
• User pin 14 (OFF.DJ Is not r1"1n,n.:i,'fort 

to 19 (INTLK COM.DJ 
• an interlock condition has not been 

satisfied 
• the EMERGENCY STOP button 

nAnArstl "'""''"''"'""' OUTPUT OFF will reset 
LED to 

still be will not work if 
pin 14 (OFF.DJ Is not connected to 
19 (INTLK COM.DJ; pins must be 
connected can reset 
OUTPUT OFF. This will also not work if an 

condition has not been satisfied. 

when output is on. 

The POWER lights when power 
been CURRENT 

DEFTS-PA_0000049 

Case 5:20-cv-09341-EJD   Document 138-20   Filed 03/18/22   Page 45 of 246
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LEVEL 

RAMP 

RIGHT DISPLAY, SETPT 
minipane/: DISPLAY, 
SETPT Oighted pushbutton 
switch) 

2 - 18 

LEDs light when voltage regulation has been 
selected. 
\/\/hen you hold in the CURRENT switch and 
then momentarily press the SETPT switch, 
the CURRENT LED remains lit, and the 
SETPT, AMPS, and MINUTES LEDs begin 
flashing. This indicates that you can modify 
the displayed value (shown in hundredths of 
minutes, i.e., 0.50 means 
1/2 min.) for the out-of-setpoint timer (see 
discussion, page 4-17). 

Lights when the LEVEL switch is being held 
in (the SETPT LED will also light); flashes if 
the LEVEL switch is pressed during a ramp, 
indicating that pause has been activated (the 
RAMP and SETPT LEDs will also flash). 
This LED will also light after a ramp, 
indicating that the output can be modified 
without pressing the LEVEL switch. 

Lights when RAMP switch is held in 
Ondicating that the displayed ramp time can 
be modified). Also, the LED on the SETPT 
switch lights and the MINUTES LED 
associated with the right digital meter lights 
(bottom meter on the minipanel). If you 
momentarily press SETPT, the LED on the 
RAMP switch will go out (and the SETPT 
and MINUTES LEDs will flash, indicating 
that you can modify the run-time value, 
displayed in hundredths of minutes; see 
page 4-15). 

Lights when selected, indicating that you can 
view 1) the setpoint for whatever method of 
output regulation (power, current, or voltage) 
that has been selected from the control 
panel or host (regardless of whether output 
is on or off), 2) the number of the selected 
target-life counter (page 4-5), or 3) how 
much ramp time has been programmed 
(page 4-10). 
Flashes when used in conjunction with other 
switches (TARGET, RAMP, CURRENT, 
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RIGHT DISPLAY, ACTUAL 
minipanel: DISPLAY, 
ACTUAL , .. ,. ... __ 

pushbutton "''""'""' 

REMOTES, HOST 

REMOTES, LEVEL and 
RAMP and ON 

TARGET 

2- 19 

HOW IT WORKS 

POWER, VOLTAGE) to activate certain 

when selected, indi1catl1l0 
to toggle through the ni::ar1~mAfAl"lil: 

assoailted with the meter 
(bottom meter on minipaneo. An will 
light beside parameler, and the 
appropriate value will be displayed on the 
digital meter. Depending on which of the five 
parameters you you can view 
1) actual output power, 

actual output current, 
4) kilowatt·hours remaining on 

or the rawtnfn 

counter (counting down during a ramp, 
counting up during a run). If no run is 
programmed, counter will simply count 
the number of minutes unit has run. 

the has 
MOX. Note: If any of the 

three REMOTES are lit next 
paragraph), the User port will have 
overriding control of the correspondlng 
function. 

to that the User port has 
control of the corresponding (output 
setpoint ("level"), ramp time. output 
power on/off). 

Lights when TARGET switch is held 
intii,l"mir\ ... that the target-life counter can 
mr.,r11it1Al'I (0-8900 kVVh). when you 
hold it in momentarily SETPT 
(which a different target 
counter can be The number a 
target from the port 

be by a hyphen (example: 
no -5). 
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dC® __ PA_R_T_I -----------

Minipanel only: 
VERNIER (lighted 
pushbutton switch) 

CATHODE (lighted 
pushbutton switches) 

2 - 20 

Lights when pressed to indicate that 
adjustments made with the MODIFY knob 
will have finer resolution. 

Light when selected, indicating the selected 
target-life counter (press 1 for counter 1, 
press 2 for counter 2, press both 1 and 2 for 
counter 3). 
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HOW IT WORKS 

Digital Meter LEDs 
LEDs are located on 

KW 

VOLTS 

AMPS 

KWH 

meter on the min,ina1ru:,I\ 

(to 
what is being displayed on the assoc11:1tea 

front panel foldouts at 

Functional Status 

a1s1.i1avtm on the 
on both 

if you select KW for both). 

SETPT 
out-·Of-f.etoolnt timer can be 

when sel19CtEld with the RIGHT 
DISPLAY, ACnJAL switch Oighted 
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MINUTES 

1,1u.:1,uu~•uv1 switch is 1acE,1ea 
ACTUAL on the minipanel 
bottom the kilowatt-hour 

4-5) will be displayed on 
If the 
(lighted 

laDe,1ea SETPT on 
l'V\nltrnle the digital 

meter) is at this point, the KWH 
LEO will remain lit but the digital meter will 
now the number of the iarc1e1-11re 
counter. 

in front ofthe number Indicates that 
,.,.,.,,"."-"'"' counter was selected the User 
looJdlaUtal Interface. If there is no the 

counter was selected from either the control or a 
host controller. 

2-22 

meter 
mln,lna,nAI\ Rule 

anything 
Is statically lit for 

anything to ramp time. 
Flas.ne~ 1) to indicate that the Out··Of-~;ets:iolnt 

can (AMPS LEO and 
SETPT will 

timer on page 4-17); to 
that the ramp/run-time counter 
4-1 O 4-1 S) is tracking run 
counts 3) to run time can 
modified (RAMP out, SETPT and 
MINUTES 
Lights 1) to time can 
,..., .. ,,,..,.,. (RAMP, SETPT, and MINUTES 

are all Ill); 2) to indicate that the 
counter is ramp time counts 
down). 
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Messages 

"FAIL" 

"E-01" 

HOW IT WORKS 

word on both digital meters 
the EMERGENCY STOP button is 

mel,S8'1e will clear when 
EMERGENCY STOP button is pulled 

the OUTPUT OFF switch is pressed 
pin is connected to pin 19). 

word on both meters 
when the MODE key switch ls set to OFF. 

This word on left (or top) digital 
meter when one of the "E" error messages 
is displayed on right (or bottom) digital 
meter. It will clear when the righthand (or 

internal software 

One (or more) control panel switches Is 

Communication between MDX 
microprocessor and lntemal MDX 

if 

out-0Nsetp101nt shutdown - Output was 
cec:au5,e the MDX was not able to 

to the programmed 
amount of time specified 

OUTPUT OFF to 

voltage 
OUTPUT OFF to clear mes,saae. 
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"E-14" 

"E-17" 

2 - 24 

Internal MDX bus voltage is too high; press 
OUTPUT OFF to clear message. 

Internal MDX bus voltage is too low; press 
OUTPUT OFF to clear message. 
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HOW IT WORKS 

INTERFACING 

MDX uses as a guide when it must default 

Control Panel Controls 

TEST 

LEFT DISPLAY, ACTUAL 
minipanel: 
DISPLAY 

OUTPUT OFF 

OUTPUT ON 

2-25 

Toggles through parameters that can be 
viewed: KW, VOLTS, AMPS. The 
appropriate on the left wll 

and the 

on output if the l"nn,Tl"l'\I 

on/off function, 
cor1ditions are and the OUTPUT 

is not flashing. If a CAtn,nint 

has been the MDX will produce 
output at that (within 600 ms 
standard MDX if no is specified; 
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REGULATION, POWER 
and CURRENT 

MODIFY knob 
minipanel: has a separate 
VERNIER switch 

LEVEL 

RAMP 

2 - 26 

within 250 ms (standard factory setting, see 
page 5-5 for available range) with fast ramp 
option if no ramp time is specified). 

Selects what method of output regulation the 
MDX will use Of the control panel has control 
of the LEVEL function). Pressing the 
POWER switch chooses the power method, 
pressing the CURRENT switch chooses the 
current method, and pressing both POWER 
and CURRENT together chooses the voltage 
method. See Output Regulation, page 4-3, 
for a detailed discussion. 

Is used primarily in conjunction with the 
LEVEL, RAMP, and TARGET switches to 
choose values while programming one of the 
functions accessible through these switches. 
Two adjustment ranges are available: normal 
and vernier (push knob in for vernier, which 
provides finer resolution). During a pause in 
a ramp, the MODIFY knob can be used to 
adjust the output to a level anywhere 
between O and the maximum output for the 
unit. The MODIFY knob can also be used to 
control the output level after the output has 
reached the programmed setpoint Q.e., the 
unit is neither ramping nor pausing). 

Allows an output setpoint to be programmed. 
Press and hold this switch and tum the 
MODIFY knob to reach the desired setpoint 
level. The pause function is activated when 
LEVEL is momentarily pressed while the 
MDX is ramping to the setpoint (the LEVEL 
LED will flash). The MODIFY knob can be 
used during a pause to adjust the output 
level. To release the pause, press LEVEL 
again. Once the setpoint has been reached, 
output can be modified without pressing 
LEVEL. 

Allows a ramp time (amount of time the 
MDX will take to reach the programmed 
output setpoint) to be programmed. Press 
and hold this switch to display any previously 
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RIGHT DISPLAY, SETPT 
min/panel: DISPLAY, 
SETPT marnea 

HOW IT WORKS 

programmed ramp time on the right 
meter (bottom meter on the minipar1el). 
N'iftnn.:11 the tum the MODIFY 
knob while holding in the RAMP This 

used to run timer 

l<Jil>l'fl'tmn<I, in 
a of SETPT to display 
on the right digital meter 
method of output regulation that 
se1e,e1:ea with the REGULATION C\Mflrn,...: 

(On the minipanel, the pushbutton switch 
the the 

RIGHT DISPLAY, ACTUAL below) 
to to KWH, SETPT to 

display the number of the active target-life 
counter. you have toggfed to 
MINUTES, press SETPT to display the 
amount of the MDX has been 
programmed run off the 

SETPT and LEVEL switches 
simultaneously causes the to 
be continuously 
DISPLAY, ACTUAL is pre~;seco. 

Press and hold the SETPT and POWER 
switches to display the 
maximum output power kllowatts), 
imnftl't<lnr.A option, and tap to be 
displayed page 4-27, page 4-43, and 
"MDX Config" on 

and hold the SETPT, POWER, and 
CURRENT to 
display the two of the MOX 
sot1twa1re and number of the 1am1et-1J1te 

stniaCl:Etd from the port (similar 
............ n,~A to "Misc . ., data reQLlest, 

2-34). 

RIGHT DISPLAY, ACTUAL through can be 
viewed: first are KW, VOLTS, 
AMPS. The appropriate on right 
bottom) meter will and the actual 

2-27 
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power, voltage, or current value will 
displayed this is just like what 
nac1oer1s with other digital 
PrA<tcir,n SETPT toggling to one 

parameters causes corresponding 
programmed to be displayed on 

(or bottom) meter. Additional 
parameters that can viewed on digital 
meter are KWH and MINUTES. 

to KWH (the 
associated with the digital meter wffl light) to 
view target-Ute This counter 
counts down, subtraeling the kilowatt-hours 
that used programmed 

Target 4-5), so 
you see how many kilowatt-hours are left 

will count down in increments 
1 kVVh). Toggle to MINUTES to view the 
run-time how much 

a 

REMOTES, HOST 

The HOST switch will not transfer control to the Host 
unless Host 6 is connected to Host 

page Also note that if any of the other three 
REMOTES LEDs are lit, the User port will 

ove,rrldi1rm control ofthe 

REMOTES, LEVEL 

2 • 28 

control of the output setr:K>lnt 
method of output regulation to the 
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to control between 
this and Whatever other infaff<>t•A 

control (control or Host If 
(LEVEL IN.A) is not connected 

pages 3-21 3-25), the will 
to zero. 

REMOTES, RAMP of ramp the User 
port. Press the switch to transfer control 
betweEm this interface and u,t>,,touar 

Interface control (control or Host 
port). If User pin 26 (RAMP IN.A) is not 
connected 3-21 3-25), the 
ramp time will default to zero. 

REMOTES, ON Gives control the output on function to 

TARGET 

the User port. to 
control between whatever 

interface has control panel or 
Host port). VVhen control is transferred from 

port to control 
OUTPUT OFF will 
OUTPUT OFF switch to cancel the flashing 
before the OUTPUT ON switch. 

DANGERf The OUTPUT OFF switch 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 are connected to User 
pin 19 (INTLKCOM) and REMOTES ON 
selected, the output will tum on immediately 
after the OUTPUT OFF switch is released. 
(See Two-wire Control, page 3-23.) 

uuc1eM11e counter to be ........................ -
a1sc,u~;1on of target controls, pages 4-5 
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MODE key switch 

• OFF 

Selects controlling mode: 

Disables all functions. Both digital meters will 
display "Off". 

~-YO-U _ __, 

SHOULD KNOW ... 

• LOCK 

• PROG 

Turning the key switch from OFF to either LOCK or 
PROG causes the LED on the OUTPUT OFF switch to 
flash. Press the OUTPUT OFF switch to continue (and 
cancel the flashing). 

Restricts operation to turning output on and 
off, selecting and viewing the displays 
available on the digital meters, and running 
the test function. All setpoint values, method 
of regulation, and site of control that were 
specified in PROG (program) mode are 
retained, but cannot be changed from the 
control panel. 

Provides full access from all interfaces to all 
functions, settings, and parameters. 

EMERGENCY STOP button Opens the contactor immediately and shuts 
off output when pushed in. \/Vhen you pull 
the button back out, you must also reset the 
unit by pressing OUTPUT OFF (and User 
pin 15 must be connected to User pin 19). 

2 - 30 
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User Port Functions 
Many of the functions that are available from the 

the user-remote The exc,epuor1s 
• cannot transfer from one interface to 
• (they are only in 

if the voltage on the 

• cannot SDE!CIIV 

• cannot pause during a ramp 
• cannot set the modes that are se11,ae1a with the MODE key switch 
• cannot modify run lime 
• cannot set 

combination to 
method of regulation 

soeafiE!ICI from port by 

11-:11 > When -Cl is selected from the control with the 
t-::::1 _vo_u___ MODIFY counter has been 

SHOULD KNOY,/. · • selected with the User will be active. If no 
has been selected with the User pins, O is the 
default See page 4-5 for information on ;i;:"'"~Mu"lt'I 

fi::trn,At-ltfA counters. 

set 
off 

time by using 
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The parameters that can be monitored through the User port are: 

Parameter 

is output enabled 
has setpoint level been reached 
which target-life counter is active 
(0-3) 

has an arc been detected 
has programmed target life ended 
what is output voltage 
what is output power 
what is output current 
how much time remains on the 
target-life counter 
what is the setpoint level 

2 - 32 

Associated pins 

pin 2 
pin 3 

pins 1, 20 

pin 21 

pin 22 
pin 23 
pin 24 

pin25 

pin 30 

pin 31 
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HOW IT WORKS 

Host Port 

i:IVP!NHHnn from the host 
that you cannot set the 

Transmission Parameters 
K,:S..L~L ASCII format 
1200 baud 
even 
1 start bit, 7 bits, two 

Host pin 6 must be r>nn,nAr'i'A/'1 to Host pin 7 (COM) 
communication on port 

The MDX pin must be connected to 

must be connected 

Note 

2 - 33 
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Table 2-1. Requests for Data 

In this table, the final letter of the response (in the "Format of Response" and "Example of Response" columns) 
is merely the data request command letter repeated as a verification of what command was sent. Also note that: 

<er> = carriage return 
# = hexadecimal number 
D = digital number 

'~ 

Data Request Format of 
from Host Response 

G<cr> DD#DG 
Misc. 

l<cr> DDDDI 
Actual Current 
J<cr> DDDDJ 
Run Timer 

K<cr> ####K 
Interlock Status 

L<cr> DDDDL 
Output Setpt 
M<cr> DDDDM 
Ramp Time Left 

N<cr> DDDDN 
MDX Config 

P<cr> DDDDP 
Ramp Output 

Q<cr> DDDDQ 
Out-of-setpt 
Limit 

Example of Explanation of the 
Response Example Response 

01C7G First 2 digits (01) = software revision level 
Third digit (C) is acknowledging host control 
Fourth digit (7) = target-life counter selected from the User 
port (see page 4-7). 

05671 Actual output current= 5.67 A (for current, a decimal point 
is implied between the second and third digits). 

0630J The run-time counter has been set to shut the MDX off 
after 6.30 min. (for time, a decimal point is implied between 
the second and third digits). 

7800K Status of interlock string (see Tables 2-4 and 2-6 to 
interpret response); also, whether an out-of-setpoint 
shutdown has occurred. In this case, output is off because 
User pin 14 is high, and the water, vacuum, and auxiliary 
inter1ock conditions have not been met. 

0865L Output setpoint: 8.65 kW, 865 V, or 8.65 A, depending on 
what method of output regulation has been selected. 

0133M The time remaining in the ramp is 1.33 min. After the ramp 
is completed, run time will be displayed in response to the 
M<cr> command. 

2501N First two digits = maximum output power (25 kV\/) 
Third digit= designation of impedance range (O = "standard 
Z," 1 = "low Z," 2 = "high Z" 
Fourth digit= tap number (tap 1 in this case) 

0265P Output level during a ramp: 2.65 kW, 265 V, or 2.65 A, 
depending on what method of output regulation has been 
selected. 

00100 The MDX has been programmed to tum off output if it is 
out of setpoint for 0.1 o min. 

2 - 34 
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Example 

1234R 
Ramp Timer 

####S 8048S 
System Status 

control. 
DDDDT 0921T kilowatt.hours 

Target Ufa Left k\1\11. 
0013U 

Target Config 

V<cr> DDDDV 0430V 
Actual Voltage 

DDDDW 0300W is 
Actual Power 

1) 06002 
Max Output 

2- 35 
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Table 2-2. S (status change) Commands 

These commands automatically echo back to the host screen. Note that: 
<er> = carriage return 

Command Action Requested Condition* 

SO<cr> tum output off/reset NA 
S1<cr> tum output on 1, 2 
S2<cr> pause ramp NA 
S3<cr> resume ramp NA 
S4<cr> use power regulation 1, 2, 3 

SS<cr> use current regulation 1, 2, 3 

S6<cr> use voltage regulation 1, 2, 3 

S8<cr> override control panel setting 1 
and give full control of MDX 
to Host port 

S9<cr> return full control from Host 1, 2 
port to control panel 

SA<cr> transfer control of setpoint 1, 2 
and method of regulation 
from Host port to User port 

SB<cr> transfer control of setpoint 1, 2 
and method of regulation 
from User port to Host port 

SC<cr> transfer control of ramp timer 1, 2 
from Host port to User port 

SD<cr> transfer control of ramp timer 1, 2 
from User port to Host port 

SE<cr> transfer control of output 1, 2 
on/off from Host port to User 
port 

SF<cr> transfer control of output 1, 2 
on/off from User port to Host 
port 

*Conditions are listed on the next page. 

2 - 36 
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8 (DSR) is low, i.e., Host pins 6 (DSR) 
connected. 

2= MDX is 

2- 37 

7 (COM) are 
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Table 2-3. Commands To Set Variables 

These commands are not echoed; to verify the command you sent, send the appropriate data 
request (see Table 2-1). Also note that: 

<er> = carriage return 
# = hexadecimal number 
D = digital number 

Command 

JDDDD<cr> 
Set Run 
Timer 

LDDDD<cr> 
Set Output 
Level 

RDDDD<cr> 
Set Ramp 
Timer 

TDDDD<cr> 
Set Target 
Life 

QDDDD<cr> 
Set Out-of­
setpt Timer 

UDDDD<cr> 
Select Target 

Function 

Sets run-time counter; decimal 
point between second and third 
digits is implied (00.01-99.00 
min., shown in hundredths of 
minutes); specify JOOOO to 
disable this function. 

Sets output setpoint (kW, A, or 
V); decimal point between 
second and third digits is implied. 

Sets ramp timer; decimal point 
between second and third digits 
is implied (00.01-99.00, shown in 
hundredths of minutes); specify 
ROOOO to disable this function. 

Sets value (0001-9900, shown in 
kilowatt-hours) for the target-life 
counter that has been selected 
with User pins 4, 34, and 35; 
specify TOOOO to disable this 
function. 

Sets out-of-setpoint timer 
(0.01-2.55, shown in hundredths 
of minutes); decimal point 
between second and third digits 
is implied; specify QOOOO to 
disable this function. 

Selects one of eight target-life 
counters (0-7). 

*Conditions are listed on the next page. 

2 - 38 

Example 

J0480 (4.8 min.) 

L0950 (9.5 kW, 
A, orV) 

R0120 (1.2 
min.) 

T0088 (88 kWh) 

Q0015 (0.15 
min.) 

U0001 (target 1) 

Condition* 

1, 2 

1 

1, 3 

1 

1 

1 
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orS..B 

3= 
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Table 2-4. Responses to Requests for Interlock 
Status (K <er>) 

The fonn of the response is it###K. 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 character that is 
listed below. The "first character'' is the one farthest left in the response. 

First Character 
if bit 3=1 
if bit 2=1 
ifbit1=1 
if bit 0=1 

Second Character 
if bit 3=1 
if bit 2=1 
ifbit1=1 
if bit 0=1 

Third Character 
if bit 3=1 

if bit 2=1 

ifbit1=1 
if bit 0=1 

Fourth Character 
if bit 3=1 
if bit 2=1 
if bit 1=1 
if bit 0=1 

2 - 40 

emergency stop activated 
output is off because User pin 14 (OFF.DJ is high 
water inter1ock condition has not been met 
vacuum inter1ock condition has not been met 

auxiliary inter1ock condition has not been met 
NA 
NA 
control panel key switch set to OFF 

internal MDX bus voltage is too low (below 
factory-set limit) 
internal MDX bus voltage is too high (above 
factory-set limit) 
NA 
NA 

soft start failure 
out-of-setpoint shutdown 
NA 
1) one of the hardware interlock conditions has not 
been met or 2) an S8<cr> command was not 
followed by an SO<cr> command (to reset the bit) 
or 3) Host pin 6 is not connected to Host pin 7, or 
4) bus voltage is too low 
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Table 
(S<cr>) 

Responses to Requests for System Status 

of to int.:,r-nn:>t 

characters found In the n:>c::1,,nn•~"' 

below. 

First Character 
if bit and 

if bit 2=1 and 
bit 3=0 

if bit 2=1 and 
bit 3=1 

if 
if 

Second Character 
if bit 
if 
if bit 1 

if bit 0=1 

Third Character 
if 3=1 
if bit 2=1 

if bit 1=1 

if bit 0=1 

Fourth Character 
if 3 = 1 
ifbit2=1 
ifbit1=1 
ifbit0=1 

2 - 41 

is in 

is in voltage reat1lattc)n 

bit will not reset untU 

output been turned on 
1) the interlock 

remote 
speanE!O run is o\fer 

reached the of the 

DEFTS-PA_0000073 
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Table 2-6. Key To Translating Hexadecimal 
Characters 

This table serves as a quick reference for translating the hexadecimal 
characters contained in responses to interlock status requests (K<cr>) (Table 
2-4) and system status requests (S<cr>) (Table 2-5) into binary numbers. 

Hex. 

Character Bit3 Bit2 Bit 1 BitO 

0 0 0 0 0 

1 0 0 0 1 

2 0 0 1 0 

3 0 0 1 1 

4 0 1 0 0 

5 0 1 0 1 
6 0 1 1 0 

7 0 1 1 1 

8 1 0 0 0 

9 1 0 0 1 
A 1 0 1 0 

B 1 0 1 1 

C 1 1 0 0 

D 1 1 0 1 

E 1 1 1 0 

F 1 1 1 1 

2 - 42 
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Translating Responses to Status Requests 
In the two follow, the letters "K" and are 

the - this serves to that you 
not J, or S of the four nex:aae1amia1 
the command in itself. 
convert each to a binary Table 2-4 or 

2-5 can be used to interpret what character means by converting 
number to a me:ssaae. 

a response to an intertock status request (K<cr>): 
1BOOK 

K 

1 
1. and find "7" in the 

l"l'\II IMt'<> to see that 7 means that 
2. go to 2-4 look 

2=1, so 14 is 
1 =1, so water lntertock is not satiisfiE!d 

bit 0=1, so the vacuum is not satisfied 

B 
1. to find "8" in the look across the 

columns to see that 6 means that bit 3 Is set to 1 
2. to 2-4 

0 
As you can see from a O in the response means that no are set 
to 1, and so a O is just a 

2-43 
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Example of translating a response to a system status request (S<cr>): 8048S 

s 
confirmation of command letter 

8 
1. go to Table 2-6 and find "8" in the first column; look across the other 

columns to see that 8 means that bit 3 is set to 1 
2. go to Table 2-5 and look under ''first character'' 

bit 3=1 and bit 2=0, so the method of regulation is power 

0 
1. As you can see from Table 2-6, a O in the response means that no bits 

are set to 1, and so a O is just a space filler. 

4 
1. go to Table 2-6 and find "4" in the first column; look across the other 

columns to see that 4 means that bit 2 = 1 
2. go to Table 2-5 and look under ''third character" 

bit 2=1, so either 1) the interlock string is broken (send the K<cr> 
command to request the interfock status), 2) host-remote control was 
requested from the host controller (merely send SO<cr> to reset (see 
Table 2-2)), or 3) the specified run time is over 

8 
1. go to Table 2-6 and find "8" in the first column; look across the other 

columns to see that 8 means that bit 3 = 1 
2. go to Table 2-5 and look under ''fourth character'' 

bit 3=1, so the MDX is in host-remote control 

2 - 44 
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MDX MA .. IRON 
DIIVE 

TEST 

EMERGENCY STOP 

I.EFT DISPLAY 

OUTPUT REGULATION 

QNIC 
0 1WotP 
0 SETPOlff 
0 PlASt,IA 
0 OU'l"M 

OFF OH POWER CURROO LEV!L 

~ 
l.u.r,.J 

•• ... 
....._ ____ __,. -

•• ... 
L------......1·-

e3 

CDISPI.AY 

·­·-

MODIFY 

Q TARO!'!' Uf'£ 
Q TEMP 
Q WATER 
Q VACUUM 
QNJX 

IW,IP 

RIGHT DISPLAY 

REMOTES MOOE 

HOIT 1.£\'E!.. IWotP ON 

MDX 208 Standard Control Panel, Front View 

... . .. ·- .... ....... ·--REMOTE$ 

CJfifjCJ 
fj I.I& ... 

CJ C 

MDX Minfpanel, Front View 
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Iii:.'. 
bJ 
VI :, 

@ @ 

@ 
ON 

OFF 
0 

@ 

@ 

0 

MDX 208, 6K, Rear View 
The front view II Ute .... • a. 
front view of tM MDX 201 
atandard control pa.nel 
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! 

ON 

a:: w OFF VI 
::) In 0 

0 
:x; 

@ @ 

@ 

0 

MDX 208. Rear View 

0 

0 

MDX Minipanel, Rear View 
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MDX Remote Control Panel, Rear View 
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SETIING UP 

Unpacking 

Design Considerations 
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Spacing Requirements 

• 

• 

• 
• 

3-1. Illustration 
1':f~·«t:111 a cabinet. 

3-7 

the MDX 

of the 

1 inch 
the MDX 

adequate 
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• 

• 

• 

• 

minimum clearonce 
fan to rear of rock 

j 
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Cooling Requirements 

For 

• 

• 

to add to to prevent air from 

Baffle 

3-9 
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vUUllv;)200 CFM of 
(193.5 crn2) Is rAtu1,1Mt1 

load of 1 O kW, each unit diS1,1partes 
of exhaust A cabinet opening 

to the exhaust 

Note: of power 30 
square inches to inlet area for one 
side of the cabinet You will also need to the 
same exhaust area for the other side of the cabinet 

the rear (6 units x 
ror.r\m1-nor,n that a fan or a blower be 

out of the 

Note: 1.1 kWis to 62.6 BTUs per minute. 
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Cabinet baffle ;c;,.r,nri,tlnn 
inlet air from 

Exhaust oir from 
power supplies 

PREPARING FOR USE 

oir to 
power 

Cobinet exhoust oreo 

eaeh side 

3-4. Illustration of the l101':1unopattem for six MDX units enclosed in a 
r,,::;1,1n,::.t 

3 - 11 

DEFTS-PA_0000090 

Case 5:20-cv-09341-EJD   Document 138-20   Filed 03/18/22   Page 86 of 246



PREPARING FOR USE 

MAKING REAR PANEL CONNECTIONS 

Grounding 

DANGER! Connect the protective earth 
terminal on the MDX rear panel to protective 
earth/ground before making any other 
connection. 

3 • 13 
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Connecting Input Power 

v ac rms or 208 V ac rms, 
., ... ..,1,, .. .,..,. leave the with and 

output voltages identified on an enclosed test cnec1<m:it. 

Any to the voltage Do not 
apply power until these changes are made! 

""'"""'""'"'" is provided by means a wer-oosnu::m 
(TB) on 

the TB Input terminal and 
C), (120 V ac NEU1}. and orotemve .,.!u'Tn • .nm1 

A is not 

3 -14 
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shield on the standoffs. 

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

Standard "Y" Connection 

lead to the power 
terminal 4 of the terminal block 

illustration on the next This 120 V ac is used to the 1nti::>mt:11 

of the power supply. The power will not functlon without this 120 V ac 

WARNING! If you have a "Y" connected 
source, but choose to use an auxiliary 
transformer, do not connect the neutral tine 
from the power source to terminal 4 on the 
power supply (see the illustration on the 
next page). A phase to neutral short circuit 
could result. 

Delta Connection 
a 

120 V ac oetweem 
page). 

3- 15 
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Connecting the Output 

3- 17 
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Connecting for Host-remote Control 
r.nnn1111Na tO 
c :nnnt:>M Host pin 6 (DSR.D) to 

to 3 of connector on 
to 2 on 

is set to PROG or LOCK. A nln.riA<::r"nntinn 

Connecting for User-remote Control 
switch ls set to PROG or 

cu11r,•11Ac ls A ug1.emgu 

Following that are severa1 
IIIIVl'Jll,tnOI OUtput 

A nm-i'.lesc:rint1,rm table for this is 
on pages 2-8 and 2-9. 

3- 18 
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Signal Descriptions: User 1/0 Pins 

Counter 

0 
1 
2 
3 

low 

35and 34 

is 

3 - 19 
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regulation (see page 4-3), or to transfer control to the control panel or host 
(whichever interface is active). An open input defaults high to 15 V; a low input 
is O V ± 0.5 V. It should be referenced to IN COM.D (pin 36). 

pin 6. P RE.G.D. \Mlen the MDX is in remote-level control, this input signal is 
used in conjunction with pin 5 (I REG.DJ to set the method of output regulation 
(see page 4-3), or to transfer control to the control panel or host (whichever 
interface is active). An open input defaults high to 15 V; a low input is O V ± 
0.5 V. It should be referenced to IN COM.D (pin 36). 

pin 7. ON.D. This input signal is used to tum on output from the user-remote 
interface. REMOTES ON must first have been selected from the control panel 
(or SE<cr> (see page 2-36) must have been sent from a host controller), 
which transfers control to ON.D. Momentary closure between ON.D and IN 
COM.D (pin 36) will turn on output power if OFF.D is connected to IN COM.D 
(see page 3-23). 

pin 8. OUT OF SE.TPOINT.D. This is an input signal from a slave unit. The 
master MDX is provided with information on whether the slave is operating at 
setpoint or not. (See pages 4-49 through 4-51 for a discussion of master/slave 
operation.) 

pin 9. OUT COM.A. This signal is a dedicated return to internal system 
ground, then to·chassis ground, and finally to protective earth/ground. All 
analog outputs should be referenced to this pin. 

pin 10. IN COM.A. This signal is a dedicated return to internal system ground, 
then to chassis ground, and finally to protective earth/ground. All analog inputs 
should be referenced to this pin. 

pin 11. AUX.D. This input signal, in conjunction with VAC.D (pin 12) and 
WATE.R.D (pin 13), monitors the system interlock string. If the interlock 
conditions are not all satisfied (auxiliary, vacuum, and water), either 1) the 
main contactor will not close, or 2) if the contactor is already closed, it will 
open when the interlock string is interrupted. In addition, the appropriate status 
LED (WATER, VACUUM, AUXILIARY) will flash and an alarm will sound from 
the control panel. This pin should be referenced to INTLK COM.D (pin 19). 

pin 12. VAC.D. See discussion of pin 11 (AUX.D). 

pin 13. WATE.R.D. See discussion of pin 11 (AUX.D). 

pin 14. OFF.D. \Mlen high, this input signal overrides all commands and 
forces the MDX to shut off output power, opens the main contactor (unless 
contactor hold has been selected), resets interlocks, and silences all alarms 
except the one indicating that target life has ended. This signal performs the 

3 - 20 
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same function as does the OUTPUT OFF 
contactor hold It 

pin 1tl REMOTECONTACTOR 
contactor hold. VVhen 
will close and 

is 
to 15 V through a 10-kn resistor. 

19. INTLK COM.D. 
(pin 

n 

Condition 
Target-life 
Counter 

0 
1 low high 
2 low 
3 low low 

3 - 21 

Input ls to 
the main and start oontactors 

on and when it Is low, the 
time the ls ............ ,.,, . .,.,.,... 

produced or not It Is int,:i,mAllv 

to status LEDs on nA~~1vA 

It will source a ,.,..,,,,...i ...... , 
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pin 21. ARC.D. This 0-15 Voutput signal will go low whenever an arc is 
detected at the MDX output and will remain low until the arc is cleared (and 
the software has had time to acknowledge this fact). It will sink 35 mA, and 
should be referenced to OUT COM.D (pin 37). It is internally pulled up to 15 V 

through a 10-kn resistor, and its impedance is 100 n. 

pin 22. EOTL.D. This 0-15 V output signal goes low when the target-life 
counter reaches zero, thus indicating that target life has ended ("end of target 
life'). The TARGET LIFE LED will also flash. This signal will sink 75 mA, and 
should be referenced to OUT COM.D (pin 37). It is internally pulled up to 15 V 

through a 10-k.Q resistor, and its impedance is 100 n. 

pin 23. V OUT.A. This output provides a fully buffered 0-5 V signal 

representing output voltage: 5 V ± 2% = 1000 V de for standard Zand low Z 
models or 1250 V de for high Z models. It should be referenced to OUT 
COM.A (pin 9); its impedance is 100 n. When the open circuit output voltage 
is 1600 V de, the voltage on pin 23 is 8 V de. It will sink and source 50 mA. 

pin 24. POUT.A. This output provides a fully buffered 0-5 V signal 
representing output power: 5 V ± 2% = maximum rated output for the supply 
(5000 W for an MDX SK, 10,000 W for an MDX 1 OK, etc., see table on page 
1-19). It should be referenced to OUT COM.A (pin 9); its impedance is 100 n. 
It will sink and source 50 mA. 

pin 25. I OUT. A. This output provides a fully buffered 0-5 V signal 
representing output current the supply can produce (5 V ± 2% = 10 A for a 
standard MDX SK, 20 A for a standard MDX 1 OK, etc., see table on page 
1-21 ). It should be referenced to OUT COM.A (pin 9); its impedance is 100 n. 
It will sink and source 50 mA. 

pin 26. RAMP IN.A. This input signal is used to remotely program ramp time 
(see Fig. 3-8, page 3-25). A span of 0-5 V corresponds to ramp time: 5 V = 
maximum ramp time (10 min.± 1%) when REMOTES RAMP has been 
selected on the front panel. This signal should be referenced to IN COM.A (pin 
10). 

pin 27. LEVEL IN.A. This input signal is used to remotely program the output 
level (see Fig. 3-8, page 3-25). A span of 0-5 V corresponds to output: When 
REMOTES LEVEL has been selected on the control panel, 5 V = actual 
maximum output level (10 A, 1000 V, 5 kW for a standard MDX SK; 20 A, 

1000 V, 1 O kW for a standard MDX 1 OK, etc.) ± 2%, or± 0.2% of the 
maximum output level, whichever is greater. This signal should be referenced 
to IN COM.A (pin 10). 

pin 28. unassigned. 

3 - 22 
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pin 29. AUX I 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 SK, 20 A for a standard MDX 10K, 
see page 1-21). It wil source and 5 mA through a 2-kn It should 
be referenced to OUT COM.A (pin 9); its impedance is 100 o. 

pin 30. KIIIIH OUT.A This output provides a fully buffered 0-5 V 
representing amount kitwatt-hours in the target 5 V :I:: 
= 1000 kW'! (updated in 1-kW'I increments). It will source and sink 5 mA 
through a 2-kn resistor. It should be to OUT COM.A (pin 9}; its 
impedance is 100 

nm,uin~u.:: a fuffy buffered 0-5 V 
representing drlve's programmed setpoint 5 V = 
maximum setpoint. It will source and sink 5 mA through a 2-kn It 
should be to OUT COM.A (pin 9); impedance is 100 n Nots: 
Setpoint level can only be measured if the output is on. 

pin 32. REF.A This output signal an 5 V reference (5 V :I:: 
10 mV). It should be referenced to IN COM.A (pin 10); impedance is 100 O. 
Note: Limit current to 5 mA. 

pin 33. unassigned. 

34. TARGET 20. This input is used in with pins 4 
35 (TARGET 0.0 and TARGET 1.0) to specify one eight possible targets. 
The MDX uses this information to track of the kilowatt 

for all Note: An open input defaults to (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 {TARGET 0.0 and TARGET 20) to specify one of eight targets. 

MDX microprocessor uses this keep track of the kilowatt 
usage for eight targets. Note: open defaults to {15 V); a 
cnn,nAN input is a low {0 V :t: 0.5 V). 

pin 36. IN COM.D. This common is Interchangeably with INTLK COM.O 
(pin 19). It is a dedicated return to system ground, then to chassis 
ground, and finally earth-ground. We recommend that al digital 
Inputs, except the lntenock signals, be referenced to this pin. 

pin OUT COM.O. signal is a return to internal system 
ground, then to ground, finally to protedive earth-ground. All 

oulputs should be referenced to this 

3 • 23 
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Wiring Options 

Three-wire Control 

If you want to use both an on switch and an off switch, select this wiring option 
(see Fig. 3-5). Momentary contact of ON.D (pin 7) with IN COM.D (pin 36, 
ground) will cause output to tum on. However, OFF.D (pin 14) must be pulled 
low before output can be turned on. You can prevent output from coming on 
by letting OFF.D (pin 14) float high. 

7 

IN COM.D 
36 0---------------t 

l;-
OFF.D 14 

Rgure 3-5. Wring diagram for three-wire control. 

Two-wire Control 

You might want to connect pins 7 and 14 (ON.D and OFF.D) and control them 
as one input (see Fig. 3-6). Two-wire control is useful if your system's on/off 
requirements are simple. That is, if you want to use one device (such as a 
relay) to control the MDX rather than using one device to control the on 
function and one device to control the off function, this method may be more 
convenient for you. VVhen pins 7 and 14 are connected to User pin 19 (INTLK 
COM.D), the output will tum on immediately after the OUTPUT OFF switch is 
released (and REMOTES, ON is selected). 

DANGER! Remember that pressing and 
releasing OUTPUT OFF to reset the MDX will 
cause output to come on immediately if User 
pins 7, 14, and 19 are connected (thus 
requesting output on) and if REMOTES, ON 
is selected. 

If you let User pins 7 and 14 float high while output is being produced, output 
will be turned off and the OUTPUT OFF switch LED will flash. Pressing 
OUTPUT OFF in this case will not stop the flashing. You must pull pin 14/pin 7 
low to reset the unit (see warning, above). 

3 - 24 
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7o-----------------, 

Ir 
IN 

External Nlonltorlng of Output 

In cases where there Is no control panel or host computer. an external device 
can be hooked up to display what voltage, power, or current level the MDX is 

For each of the outputs, 5 V represents full rated output for 
a standard MDX SK: 1000 V, 5000 w. or 10 A; see tables on 1-19 and 
1-21 produced by other models). 

V 

p 

9 
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External Programming of Ramp Timer and Setpoint 

shows how to wire the so that you can :sut!:u,v 

catl'V\int level and ramp time from an external source. wll also 
need to method of regulat.ion - see 4-23 and read about 
pins 5 and 6 on 3-18 and 

Level 

IN 10 

RAMP 

Normal Interlock Connection 

The follow.Ing shows how to wire if you want to take of the 
intenock fines by connecting them to sensors. 
used to wam if a door ls to if the chamber contains a 

to wam of problems with the cooling system for the 
rnr,nol"tlr,n is interlock is and 

Slf"l'lll~r!V if any during t'IN:lr.:rltinn 

off and the appropriate LED will flash. 

11 

Vacuum 

12 

Water 

13 

19 

3 - 26 

kO 
w 
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Cheater Plug 

Off.D 

cheater 

User connector 
out of the box, 

'""'"""""t"' You can continue to use the cheater 
'""t, .. n1t .. , the lntef1ock 

be you must leave the 
attached to the MDX. 

WARNJNGI You are defeating the interlocks 
1f you use the cheater plug. 

11 --
2 --

13 --
4 --

15 --
INTLK COM.D 9 --

3-10. VViring for the "chester" 

Connecting a Remote Control Panel 

can connect an Energy® controVdisplay panel to your MDX 
with a D subminiature connector. The corresponding port on 
the MDX rear Is labeled DISPLAY. Do connect a panel to 
this port if your MDX has a full-function front 

connecting an Advanced Energy® 
etc,V1o,rt1 remote or min!panel only. The format 
oet1Neem Advanced Energy® display and the MDX is different than the 
K&2:s2 host communications format. An incorrect connection could damage 
the MDX. 

3- 27 
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Display Bypass Plug 

This plug is used with a master unit that has a passive Oimited function) front 
panel and that has no minipanel or remote panel connected to the Display 
port. The display bypass plug makes connections that are necessary for the 
MDX to operate without a full-function control panel. 

If this plug is not attached to the DISPLAY connector on the rear panel (for the 
location of this connector, see the foldouts at the end of chapter 2), the unit will 
not come on Ot will behave as if it has a key switch set to the OFF position). 

lll-vou _ __. 
SHOULD KNOW ••• 

An MDX with a passive front panel will not come on if 
the display bypass plug is missing. 

Connecting for Master\Slave Operation 

A more detailed discussion of the considerations involved in operating a 
master/slave system is found on pages 4-49 through 4-51. The information 
below and on the next page is meant for quick reference only. 

Connect input power to each chassis just as you would for the 1 OK model 
(refer to page 3-13). 

Interconnect the master and slave units with the supplied 30-inch multi­
conductor cable by attaching its 15-pin connectors to the connectors on each 
MDX rear panel {INTERCONNECT MASTER or INTERCONNECT SLAVE). 
Since the connectors on the ends of the cable are different on each end, you 
cannot connect them incorrectly. 

Connect the MDX to the load by attaching the cable or wires (as on page 3-15 
or 3-16) to the output connector on the rear panel of the master unit. Do the 
same for the slave unit(s). V\lhen connecting to the load, make sure that the 
positive conductors of both master and slave units are connected to the same 
point. Repeat this process for the negative conductors. (An illustration showing 
two properly interconnected units is in Master/Slave Operation, page 4-50.) 

3 - 28 
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Make sure that the tap selection is be the same for all interconneded units 
4-27). 

0000000 

Moster 

Disconnecting 

the MDX from all von:eae sources before opening it for any 
adjustment. replacement, or 

L.-... > 
DANGER! lntemal comp,onents may remain 
live for 1 min. after the MDX has been 
disconnected. 

rAn11aoe,mant fuses are of the same 
as those 
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FIRST-TIME OPERATION 

Start-up Procedure 

are .:.ui.•1,111,;;u 

C!es;c11,mor1s on 3-18 through 3-22) or that the -cn,eat1!r 
on connector on the rear MDX 

2. Set the MODE key switch to OFF. 

3. Connect the output connector details on 

4. Tum on 

5. Tum the MODE key switch LOCK. 
wlU sound the OUTPUT OFF blink. 

disr~avzeros. The 
OUTPUT OFF to 

blinking (it will still alarm cause the OUTPUT OFF LED to 
be lit). 

6. MODE key switch to PROO. 
CURRENT, VOLTAGE, see page 

7. To set ramp 
will be ,11cr\li::t\ll""1 

available if you 
discussion of 

when the 

a mode (POWER, 

the MODIFY knob. The 
o .. n-.lA,. adjustment Is 
lnl"rAmt~l"IU:! -- see the 

Release RAMP 

MODIFY knob. 
Re1eaEie the LEVEL switch 

DANGERf The next step wilt result in high 
voltage levels at the output connector. Take 
appropriate steps to prevent electrical shock. 
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9. Press ON. The main contactor will close, the ARC LED will momentarily 
light, and the OUTPUT, RAMP, and PLASMA LEDs will light. The output will 
ramp to the selected setpoint level, causing the RAMP LED to go out, the 
SETPOINT LED to light, and the end-of-ramp alarm to sound. 

10. Press the OUTPUT OFF switch any time to turn off output. 
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OUTPUT REGULATION 

Power 
Power is from the 

under the REGULA TlON label 

1:1nn1tl"l,,.r while output Is on, the 
new For 

is 1500W 
voltage 

m ... fMtV'I Of reg1Jl8ti00 

by pressing 
LED on the switch will 

4-23 

From a send the S4<cr> command 
power ey1.1iouu, 

From 
must 

Current 

must below 

4-3 

and pin 8 (P REG.DJ 

will 
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Voltage 

Voltage regulation is selected from the control panel by pressing both the 
POWER and CURRENT switches under the REGULA 110N label (both LEDs 
on the switches will light). 
From a host computer, send the S6<cr> command (see page 2-36) to select 
voltage regulation. 
From the User interface, both pin 5 (I REG.DJ and pin 6 (P REG.DJ must be 
high. 

4-4 
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PROGRAM MODE 

Program mode is selected by the MODE key 
to PROO. and provides full access to all functions, set11Ina:s. 

of 

Target Controls 

allow you to from one 
counters, set the timer (target life). and monitor the kilowatt-hours left on the 

Control Panel 
a detailed Of the see 2-30; for 

explanations of the various LEDs, see pages 2-15 

f!:lffllQT-lilfC counter iS 
• sure the is lit on the RIGHT DISPLAY, ACTUAL switch 

this if LED is lit). 
• ,-,...,,-,_ to the KWH LED on the right meter with RIGHT 

DISPLAY, ACTUAL DISPLAY switch 
affects the bottom meter). 

• SETPT switch momentarily (the on the switch will 

number was selected from the 
rir@11@d1wt by a (no .0> 

To a 1arc1et-11r1e 
• Make sure output is off. 
• and hold the TARGET 
• Press the SETPT momentarily. 
• Use the MODIFY knob to choose o. 7. 
• Release the TARGET 

4-5 
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To quickly see how much time remains on the active target-life counter. 
• Press and hold the TARGET switch. 

To continuously display the time remaining on the active target-life counter. 
• Press the RIGHT DISPLAY, ACTUAL switch if the LED on this 

switch is not already lit. 
• Toggle to the KWH LED on the right meter with the RIGHT 

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

To set the selected target-life counter. 
• Press and hold the TARGET switch. 
• Use the MODIFY knob to enter a value (1-9900 kWh). 
• Release the TARGET switch. 

When the programmed target life ends Q.e., when the counter reaches zero), 
the TARGET LIFE status indicator LED (see page 2-16) will flash and an 
alarm will sound from the control panel. 

• Press the TARGET switch momentarily to silence the alarm (the 
LED will continue to flash). 

• Enter another target-life value (see previous page) or disable the 
function by turning the MODIFY knob to the left until four hyphens 
(--) appear on the right (or bottom) meter. 

Host Interface 
Three requests for data (see table on page 2-34) elicit information relating to 
target control functions: 

• G<cr> - The fourth digit in the response to this command is the 
number of the selected target-life counter. 

• T<cr> - The response to this command will tell you how many 
kilowatt-hours remain on the selected target-life counter. 

• U<cr> - The fourth digit in the response to this command is the 
number of the selected target-life counter; the third digit indicates 
how the target-life counter was selected (see page 2-35 for more 
detail). 

Two variable-setting commands (see table on page 2-38 affect target control 
functions: 

• TDDDD<cr> - This command sets the kilowatt-hours for the 
selected target-life counter. 

• UDDDD<cr> - This command selects one of eight target-life 
counters (0-7). 
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User Interface 
cannot set the counter from this port; nnl.l1P.V1"cr you can specify 

which counter (0~7) Is active. 

pins 4, 34, and 3S to aeu111eadescriptions 
beginning on 

a counter. 

Condition of 
Counter 

0 high high 
1 high low 
2 high 
3 high low low 
4 low 
5 low high low 
8 low low 
7 low low low 

A counter selected with the User will be 
active when -0 is selected from the control with 
the MODIFY knob. 

Parameters that can be monitored from the User port are: 

The the active HZmlAT.IIITP 

counter (0.3) 
Wlether programmed target 

The amount 
1am1e1-11te counter 

4-7 

on the 

User 

pins 1 and 20 

pin 

pin30 

how to select 
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Setpoints and Timers 

Setpoint Level 
output Is being 

+.3) while 
ent11red setpoint If, however, you 

mi:innA mAtnnr1 of output regulation output is on, the appropriate level at 
MAnnA Will become the new C::.Atr1nint 

Control Panel: 

switch hold. The on LEVEL switch 
SETPT will light 

2. Use the MODIFY knob to specify the desired setpolnt level (displayed on 
the right, or bottom, 

3. the LEVEL switch. 

will indicating that the level 
can modified without the LEVEL switch. 

2. the MODIFY knob to specify the setpoint level (displayed on 
the right, or bottom, when SETPT switch is 

SETPOINT status ,nrtiri:iti'\r 

output Is equal to the programmed c::.•t1'\nirn· 

when the output Is not equal to 
or when the PLASMA LED is lit 

.... .,,v""'''"' to this command will how much 
.. ,,.,,, .. ,.,, being at moment 

• to will you how much 
voa:aoe is actually being produced at that "'"'"'"'''" 

• - The to this command will you how 
power is actually produced at that moment 

• - The to this command will tell you what the 
output setpoint level is for method output regulation. 

• - The to this command will tell you 
output level that is for this MDX model. 

4.9 
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The variable-setting command (see table on page 2-38) used to set output 
level: 

• LDDDD<cr> - This command sets the output setpoint for the 
selected method of output regulation. 

Two other commands (''S" commands, see page 2-36) relate to the output 
setpoint: 

• SA<cr> - This command transfers control of setpoint and method 
of output regulation from the Host port to the User port. 

• SB<cr> - This command transfers control of setpoint and method 
of output regulation from the User port to the Host port. 

User Interface: 
Both setpoint level and method of output regulation can be specified when 
REMOTES, LEVEL is selected from the control panel (see page 2-29) or the 
SC<cr> command is sent from a host controller (see page 2-36). 

Pin 27 (LEVEL IN.A) is used to program output setpoint level (see detailed 
signal description on page 3-21). 
Parameters that can be monitored from the User port are: 

Parameter 

Setpoint level 

\/Vhether programmed output setpoint 
level has been attained 

Ramp Timer 

User pins 

pin 31 

pin 3 

You can program the amount of time (600 ms - 99 min.; also see discussion of 
fast ramp, page 5-5) the MDX will take to reach the programmed output 
setpoint from the control panel, a host controller, or the User port. You can 
cause a ramp to pause and modify the output level from the control panel (see 
page 4-11). You can request a ramp pause and modify the output level from a 
host controller (see pages 4-11 and 4-12). You cannot cause a ramp to pause 
from the User port. 

Control Panel: 
1. Press and hold the RAMP switch. The LEDs on the RAMP switch and the 

SETPT switch will be statically lit, as will the MINUTES LED associated 
with the right, or bottom, meter. 

2. Use the MODIFY knob to alter the ramp time displayed on the right, or 
bottom, meter. 

3. Release the RAMP switch. 
Host Interface: 

4 - 10 
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table on 

• !"OC,l"ll'lnli!'A to this will YOU hOW much 
ramp the ramp is completed, run time will 

to this command). 
• 1"1::111::,,nn•:A to this command will what the 

the ramp, that moment. 
• - The to this command will how much 

programmed into the ramp 

on used to set ramp 

• 
Two 

Pausing During a Ramp 

is the MDX will respond in one of two If the 
new is at programmed it, MDX wHI 
assume that the ramp is over new is below the 
programmed setpoint 4-4), use whatever ramp 
time to page 4-9) . 

. ~--... > You cannot cause a ramp to pause from the User 
interface. 

4 - 11 
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2. Use MODrFY knob to 
bottom, meter not 
leveo. 

3. the LEVEL switch 
speeifie1d output 

Host Interface: 
1. 

Pouse 

rPIA~c:::A The LEDs on the LEVEL switch, 
that ramp pause is 

to resume the ramp from the 

Release Pause 

Time 

Setpoint 

• 

level is 

You can disable the ramp timer by 
knob to the left until four nvn,ni:.r,.::: 

the MODIFY 

the meter. 

a the 
lit (during a run the 

4 • 12 

counts up 
MINUTES LED will be statically 

MINUTES LED will flash). 
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• I 
I 
I 
I 
I 

Release Pouse 

• Pause 

• I 
I 
I 
I 
I 
I 

• Pouse 

4-3. Rn:l,nhir: reoresitntartlon 
the 

4-13 

Setpoint 

• 

Setpoint 

• 
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Pause 

4 -14 

------• 
Release Pause 

Time 

Setpoint 

• 

11.wel has be(m saJ11ste,a 
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Run Timer 

run 

3. 

can 
output after 

cannot be set 

end 
OUTPUT OFF switch will 

OUTPUT OFF will stop the 

YOU knob to the left until four > You can disable the run timer 

SHOULD KNOIN... the meter. 

or a host to 
(0.01-99 min.). The 

RAMP wftl light 
The LED on the RAMP will 

as will MINUTES 

on 

appear on 

a run the counts up and the MINUTES LED a 
counts down and MIN LITES LED will 

Host Interface: 
data on 2-34) 

run timer: 
• response to this r-r.rnm,t2nt1 

run before output is 
• Is over, the -·:,r,r.n,~0 

will tell how long the MDX 
the ramp ended). 

table on to set the run 
timer: 

• 

4-15 
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Out-of-setpoint Timer 
can l"!.l"n,n11r•.c 

If ft can't reach or 
SDE!teifiE!<l 0.01 to (the 

off output. timer cannot 

Control Panel: 
1. hold CURRENT The on the CURRENT switch 

will 
2. Momentarily 

flash, as wil 

3. displayed on the 
meter. 

4. the CURRENT 

You can disable the timer 
MODIFY knob to the left until four hyphens 
appear on the meter. This allo'NS an out--of-E.etDoint 
condition to be continued IME1fin11te1v. 

the 

or 

If output has shut off the programmed level could not 
be or maintained in the specified amount 

will be displayed on or top, meter 
• "E-12" will be displayed on right, or nn,,,nm 

• the OUTPUT OFF 
• an alarm will sound 

the OUTPUT OFF 
silence the 

4 -16 

will flash 

to messages, stop 
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table on 2-34) 

• - The to this command will tell you how 
the MOX will operate out of setpoint it off 

• -The to 
out-of-setpoint shutdown 

table on page 2-38) to the 

• QOOOO<cr> 

4-17 
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LOCK MODE 

switch is set to LOCK, oi,eratlc>n from a control is 
m,e1tnM,:u1 to output on and the _,_,..,_,_ 
ava11ao1e on the digital running the test All set&:KJlnt 

the method of output regulation, and the that were 
specified in program are but cannot 

All n1n,"ttn1'1e 

RAMP, ON were selected from 
to LOCK.All 

4-19 
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REMOTES 

Host 
when the REMOTES, HOST LED is lit, Host 

6 is low, and the MODE is set to PROG or LOCK. If 
the REMOTES, HOST switch, 

can "force" host-remote control from the host 
S8<cr> command 

4-21 
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User 

Level 

• 

• 

current 

low 

or 

5 (I 

low 
high 

low 

and pin 6 

and 6 

low and 
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• Use pin 27 (LEVEL IN.A) to set the desired output level. 
• Use pin 31 (LEVEL OUT.A) to monitor the output level. 

Ramp 

From the control panel, press REMOTES, RAMP to transfer control of the 
ramp timer (pin 26) to the User port (see detailed description of User pins 
beginning on page 3-18). From the Host interface, use command SC<cr> to 
transfer control of this parameter to the User port (see "S" commands, page 
2-36). 

• Use pin 26 (RAMP IN.A) to set the timer. 

On/Off 

From the control panel, press REMOTES, ON to transfer control of output 
on/off (pins 7 and 14) to the User port (see detailed description of User pins 
beginning on page 3-18). From the Host interface, use command SE<cr> to 
transfer control of this parameter to the User port (see "S" commands, page 
2-36). 

• 
• 

~ -YO_U __ __, 

SHOULD KNOW ••• 

Use pin 7 (ON.D) to tum output on . 
Use pin 14 (OFF.D) to tum output off (see discussion of two-wire 
and three-wire control on page 3-23). 

OFF.D will override all commands and force the MDX 
to shut off output power. 

Target 

You do not have to transfer control of target-related functions to the User port 
because they are always available. The exception is that a target-life value 
cannot be set from this interface. 

User pins 4, 34, and 35 are used to specify which target-life counter is active 
(see table on page 4-7). 
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tars:itet-llte counter selected with the 
becomes active when .o is selected as the 

r::un,Ar..11m counter from the control panel with the 
MODIFY knob. 

• Use pins 1 and 20 to check the number of the active target-life 
counter 

• pin 22 to see if programmed target life has ended. 
• Use pin 30 to see how much time remains on the target-life 
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TAP SELECTION 

situation. 

so that different output 
output 

MDX leaves the factory set for its lowest (tap 1), 
oosition can be when the unit is ordered. 

explain how to choose a different 4-13 
n,.u:wrn, .. positions of the printed circuit boards logic 

4 • 27 
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In i;;vi:,mnlA 1, the impedance range 
1-V!lifflnli::I 2, the 

of9.2kW. 

Example 1 

tap all power 
of the tap at 

The supply In this example is an MDX 10K standard Z, 
the is 9.2 kW. We 

vo11:agE~s for both a new target and a target near 

operating 

current for newtarget 

current at EOTL 

4 - 26 

V 

(EOTL) 480V 

A 

A 

at 
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impedance for new target 
15.86 A= 36·6 n 
_..:..;::.::...:;:.....=25.05'1 

The have been on 4-32}; once 
can see that both fall within the of the 
with tap 1. 1 will enable the power supply to operate 
throughout the life of the target at a power of kW. 

Example2 
power supply in is an MDX 10K standard z. method of 

regulation is power, level is 9.2 kW, We have assumed 
operating vo11:aaE,s for both a new target and a near 

useful is lower in Example 1). 

target when new V 
target at end of (EOTL) 450 V 

To 

current for new target 

current at EOTL 

15.86 A 

for the over its 
voltage and current target when It is new and 

at EOlt have been plotted on Fig. +7 (page +33). Notice that the EOTL 
current, 20.44 A, is out of the of tap 1. 

You can a impedance 

by using the ca1crura1uon Target Impedance = ~-0~,,~:cc=:.L,;. 

1moee1ance for new target 

1moeaance at EOTL 
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The impedances have been plotted on Fig. 4-8 (page 4-34); you can see that 
the EOTL impedance is out of the range of tap 1. This situation is indicated on 
the MDX front panel by the SETPOINT status indicator LED flashing and an 
alarm sounding because the supply cannot reach the setpoint (refer to page 
2-15). An "E-12" message may appear on one of the digital meters (see 
discussion of messages on page 2-23). 

One option for addressing this problem is to stop using the target when the 
maximum current for the tap is reached. Another option is to reduce the power 
level until the SETPOINT LED once again is statically lit, indicating that the 
MDX is operating within limits. 

A third possibility is to use an MDX model that produces more power. The two 
impedances have been plotted on Fig. 4-9 (page 4-35), which shows the 
impedance boundaries for the three taps available on the MDX 15K; you can 
see that both flt within the tap 1 boundaries. A rule of thumb: The broader the 
impedance range, the higher the power capability needs to be if that range is 
going to flt within the boundaries of a single tap. 

4 - 30 
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a:: w 5000 ~ 
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4000 

3000 
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IMPEDANCE 

with the 1m1J1ea~mc1,s both when It is 
near the 

4-32 
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CHOOSING MODES/SETTINGS 

Tap-changing Procedure - Detailed 

DANGERt Make sure that the input power to 
the MDX has been removed - the MDX 
must be without input power for 1 min. to 
allow capacitors to discharge. Ensure that 
all units in multi-supply systems are off, and 
that no power is present at the MDX output. 

1. Remove black 

nr .. nn,,.,, - plug into the rrtni'hAr'hl"\!J 

also see the shield illustration on 
mounted on the metal tray. 

screws. 

3. remove the the USER. HOST, DISPLAY, MF1, 
MF2 cables 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. 

units two power 

4- 37 
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Tap-select board 

Figure 4-10. Tap-select board placed correctly to select tap 1 for an MDX V'ith two power 
modules (the board will be shorter in units with only one power module). 
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CHOOSING MODES/SETTINGS 

7. Check the bottom of the tray. are two six 
protruding through the logic tray. 

f\lUlnM<:d'Orto Check for continuity between 
be 1 n ± 0.25 n r,e~,een 

connector is to the rear of the unit. 

For 

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

J1, pin 1 J1, 3 
J2, pin 7 and J2, pin 8 
J1, pin 6 J1, pin 7 

check: 

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

10. the tray the l"hfte<!ie 

wflh two power modules) that ,.0 ,.,., .... .,.:W"t earlier. 

11. the mlc:rooroci~sS<)r 
appropriate position 

plug 

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. 
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1 
Tap2 
Tap3 

pins 1 
pins 2and 3 
pins3 and 4 

12. USER, HOST, DISPLAY. MF1, MF2 wau1,;,.:,. 

two ls and one Is white) 
transductor board - remember not to reverse 

13. "'"'ll.lf<I\.Kl/ 

screws. Don't 

tap 1 hes 

MOX by turning on breaker on the rear 
REAR DRIVE and FORWARD DRIVE on 

are is one set of two on SK two sets of 
models). The MDX is now ready to test. 

15. that of is 4-3); set 
the output level at 0.2 kW. 

16. Tum on the output 
COMMAND on 

17. Tum off the 

18. the cover and reo1ace the screws. 
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Positive output 

boord 

F ost ramp boord 

Tronsductor boord 

Predrive board 

Molherboord 

troy 
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CHOOSING MODES/SETTINGS 

Tap-changing Procedure - Abbreviated 

user. 

1. Tum line off. 

2. Remove cover and 

3. Remove cac,1es: label and disconnect output wires. 

4. Remove 

5 . 

7. 

• 
• 

11. Tum on line 

12. Check 

14. Tum on 

tray. 

tray. 

at P2 on motherboard to 

reconnect output wires. 

yellow 

Tum output. 

cover. 
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No. 

1 
2 
3 

1 
2 
3 

1 
2 
3 

Voll 

OVto 500 V 
OVto V 
OVto 800 V 

0 Vto 600V 
0 Vto 800 V 
0Vto1000V 

OVto V 
0 Vto 1 V 
0 Vto 1250 V 

MDX 

10.00 A 
A 
A 

A 
6.40A 
5.00A 

CHOOSING MODES/SETTINGS 

IMPEDANCE OPTIONS 

MDX 1 OK MDX 15K MDX 20K MOX MDX30K 

A 
A 
A 

Maximum 

16.00A 24.00A 32.00A 40.00A 48.00A 
1 A 19.20A 25.SOA 32.00A A 
10.00A 15.00 A 20.00A A 30.00A 
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CHOOSING MODES/SETTINGS 

LINE VOLTAGE CHANGES 

The models can be vacor 
occas1cma11vbe to from one to 
If SO, the following hardware ,:""'"'"" 

• 

DANGER! Make sure that the Input power to 
the MDX has been removed before attempt­
ing this procedure. The MDX must be 
without input power for 1 min. to allow all 
capacitors to discharge. 

1. Remove the eight black screws. 

WARNINGI 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. 

4-47 
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Fiigure 4-14. The S4 switch on the motherboard (refer to illustration showing the relative 
positions of the printed circuit boards, on page 4-41). 

The correct internal de bus OV and UV trip levels for each input voltage setting 
are shown in the table below. 

Input Line Voltage 

200 V ac, three phase 
208 V ac, three phase 

DC Bus OV Trip Level" 

315 V 
333 V 

*±1 % tolerance of the trip level voltage 

DC Bus UV Trip Level" 

226 V 
238 V 

4. Re-install the transductor board and replace the four screws that secure it. 

5. Re-install the safety shield and replace the oval-head screws that secure it; 
re-install the top cover and replace the six screws that secure it. 
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CHOOSING MODES/SETTINGS 

MASTER/SLAVE OPERATION 

ff you have an MDX power supply that or0<lUC4?S 
20K for example}, a rncuotar 

For most part, and ODE~ratma 
supply is the same as up and a s1n1;11e-,cn,assts 

The is a summary of considerations. 

Note: To an MDX 10K model to a 15K or20K 
you will need a slave an interconnect 

and software for the master unit In some cases, 
hardware may also be Contact 
Customer for more information. 

as you for the 10K 

the master connect the 30-inch multi-
with 1 to the connectors on 
(MASTERINTERCONNECTorSLAVEINTERCONNECl). 

Note: connectors on of are on so 
that they cannot be iflC(>rrectlY rnn,mo,r•tc.ot"I 

,....,, ... m,um, to noise. 
C281SV·00!1lnll10 a flat rnnnar 

See the discussion and ilfustration on page 3-13. 

Connect MDX to the toad the cable or 
to the output connector on the rear panel of the master unit. 

Wlen to load, sure that 
of both master and slave units are connected to 

pro~ss for negative"'"'"'""'""'"'"'· 

4 • 49 

box is available from AE. that is 
outputs. 
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0 

0 

Moster, to lood 3ft Mult!conductor coble _/ 

0 0 

Slove, to rood 
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CHOOSING MODES/SETTINGS 

Make sure that: 

• 

• page 4-27 

A slave unit is eQUIPPEKi 1ss11re front and Is labeied SLAVE. The 
indicator are ............ .,..,.... on page 2-18. 

Setpoint LEDs 

In a master/slave it is very imn,M<>nt 

monitor the SETPOINT LEDs of all units because the 
c21st111av1!Cl ACTUAL power or current value will not 
necess:ar11v reflect unless all SETPOINT LEDs 
are fit 

If the master unit is at setpoint it is portion of the required 
""""'"I-'"'"" the ACTUAL value displayed on the meter wil always 

the requested level (due to an internal assumption by the 
master unit). It is possible, however, that the slave unit is not producing its 

of required or that its has not been turned on. The 
only way to sure is to watch the SETPOINT LEDs. 

amount power, SETPOINT LED 
be lit. If the unit is equipped with a mini panel or standard 
panel, SETPOINT will flash. If the master has a front 

panel, the SETPOINT LED will not be 
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USING THE SPECIAL FEATURES/OPTIONS 

CONTENTS 

ARC-CHECl(TM • • . . • . . • . . . . . • . . . . . • • . . • . . . . . . • • . . . . . 5-3 

Fast Ramp ...................... *' • • • • • • • • • • • • • • • .. • 5-5 
Contactor Hold . . • • • . • . • • . . . • •••••••.•••••..•.•••.... 

5 - 1 

DEFTS-PA_0000152 

Case 5:20-cv-09341-EJD   Document 138-20   Filed 03/18/22   Page 148 of 246



USING THE SPECIAL FEATURES/OPTIONS 

ARC-CHECK 

WARNING! If you 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. 

when MDX is set 

5-3 

in 
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USING THE SPECIAL FEATURES/OPTIONS 

FAST RAMP 

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

The fast ramp feature slows a much shorter ramp time to be specified. To 
feature, set ramp time (see page 4-10) to four hyphens from the 

control panel or zeros from the Host interface. 

YJhen fast ramp is selected, the range for both the run timer and ramp 
timer will change from 0-99 minutes to 0-99 seconds. The MINUTES LED will 
flash (rather than being statically to remind you that seconds and not 
minutes are being counted. 

The available times is 50 ms to 1 time that 
an MDX wiU use when fast ramp is specified can be adjusted with an lntemal 
nnt,;1,nti,!'\1''1'1':.tar which is set at the factory to your specification. To make the 
adjustment yourself: 

1. Tum the MODE key switch to OFF. 

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

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

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

5. a frequency counter to monitor the frequency at TP-2 on the ramp 
printed circuit board which is mounted above the left comer of the 

pcb (see the Dlustration on page 4-41). 

5-5 
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6. Adjust the RS potentiometer for the desired frequency, calculated using the 
fom,ula: Ramp Time = 1024 divided by frequency at TP-2. Use R3 to make 
fine adjustments. 

7. Tum off the main circuit breaker. 

8. Replace the safety shield and top cover. 
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USING THE SPECIAL FEATURES/OPTIONS 

CONTACTOR HOLD 

on 

DANGER! Make sure that the input power to 
the MDX has been removed before 
attempting this procedure. The MDX must be 
without input power for 1 min. to allow all 
capacitors to discharge. 

black 

screws. this 
MDX. The mnthar1hnarn 

(transductor, predrive, and 

3. Remove the screws that hold the board in 
the safety shield to which board is 

to the labets on 
board), and lift it 

4. You can now see switch S5 on itto CLOSE 
contactor hold or to nn<::irtinn for remote contactor 

hold. 

5-7 
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5. Re-install the logic board, taking care to align the connector pins on the 
motherboard with the corresponding sockets on the logic board. Be sure that 
none of the pins are bent_;, you should be able to see all pins protruding up 
through the logic board. Replace the screws that hold the logic board in place. 

6. Replace the smoke-colored safety shield by replacing the oval-head screws. 

7. Re-install the top cover and replace the six screws. 

Figure 5-2. Illustration showing location ofS5 switch on the motherboard (refer to Fig. 
4-13, which shows the relative positions of the printed circuit boards, on page 4-48). 
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PART Ill 

LEARNING MORE ABOUT 
YOUR MAGNETRON DRIVE 
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OPERATING NOTES 

De BIAS 

amount that is developed within a process system depends 
upon system or the being run. a !':\Ts:r,Rrni.: 

manufacturer can use modeling or empirical data to predict 
should be expeded with a specific system or a power supply 
manufacturer cannot. 

In any case, you can reot-.... ,,no de 
high·voltage probe. 

measuring ii yourself with a 

DANGER! Lethal high-voltage and 
high-current potentials are present during 
the measurement or de bias. Extreme 
caution is required to ensure the safety of 
yourself and of those working with you. 
Carelessness can cause severe bums, 
paralysis, or instant death. 

The farther the 
accurate the measurement. This is Uo;;\.;QU,:M:; 

feedthrough due to eledrical loss. A 
,ron,onr if are an ....... ,,.,n,,,..., 

impedance-matching 

DC-1 

DEFTS-PA_0000159 

Case 5:20-cv-09341-EJD   Document 138-20   Filed 03/18/22   Page 155 of 246
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If you choose maximum range, run the RF generator at maximum power 
when you measure de bias. In the more advanced, microprocessor­
controlled RF generators, a normalization (calibration) function makes it 
possible to tailor the process to the de bias regulation. With one of these 
generators, maximum power will also equate with maximum de bias. By 
normalizing for the maximum de bias, the process will have the widest range 
of available de biases. 

If resolution of the de bias control is more important, set your system up for 
a "typical" process before you measure de bias. The new microprocessor­
controlled generators will calibrate the de bias over a smaller power cross 
section, thus providing a higher resolution over a smaller area of operation. 

Since what is best for one application will not necessarily be best for another 
application, you may calibrate for either resolution or range, and then later 
repeat the process for the other possibility. 

DC-2 
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HOOK-UP NOTES 

GROUNDING 

of lowest ,._,,ciu:,nra 

by impedances, 
switching may appear as no1tr'!it1i:1tinr,o1t 

e1e1ctro1mc equipment The 
fixed, lowest impedance 

Grounding is important for a reasons: 

• it ensures of personnel 

• it 

• it is 

• it prevents 

• it 

• it 

1ronru11>ntc and standards are set and promulgated by 
nn,,11:1mmo1r'lt!:II Ani:i,nr:i,::oc hi1mnmA!tinn is 8V8IJ8D!e 

and IOCSI nn,,11:1m,mi:1nt !:ll1&:>ni~IRC:: 

Always check whatever are mandated by 
This note is intended to provide a broad overview of grounding issues and 
considerations. 

AC and DC Grounding 

the current to 
of with very little resistance. 

Gmd-1 
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The major safety issue concerning improperly grounded equipment is that 
people can come in contact with dangerous voltages. Although this danger is 
usually viewed as being caused by de or 50/60 Hz ac voltages, this is not 
necessarily the case. The multimeter is a typical measuring instrument used to 
determine whether or not a system or component is grounded. A multimeter is 
designed to measure de voltage and current, ac voltage and current, and 
resistance. However, it is not sensitive to high-frequency energy and often will 
not even detect the presence of RF energy, much less give accurate readings. 
Since RF can be present without being detected by common means, 
there is a significant potential for harm to personnel from RF surface 
bums, arcs that penetrate the skin, and other such injuries. 

Equipment designed to measure RF energy is expensive and bulky, and must 
be calibrated over narrow frequency ranges. Most facilities do not have this 
kind of equipment on hand. It is therefore very important that all appropriate 
personnel (those involved in design, installation, maintenance, and operations) 
are knowledgeable about all aspects of grounding for electrical energies, from 
de through RF. 

DANGER! Operating and maintenance 
personnel must have the correct training 
before setting up and maintaining 
high-energy electrical equipment. 

VVhile significant numbers of RF problems are caused by improper grounding 
of RF power supplies used in a process, all plasma systems produce some RF 
energy that must be taken into acount when the system is designed. As 
examples: Plasma arcs are like small lightening bolts that cause broad-band 
RF interference; a plasma chamber is a type of oscillator and radiates RF 
energy if not shielded; electric motors/relays/solenoids can produce RF energy 
when they are actuated; even microcomputers used in instruments and 
controllers can produce RF energy that can cause problems with other circuits. 
Each one of these sources may interfere with the proper operation of 
electronic instruments and controls within the system. In the worst cases, this 
energy can cause noise in equipment at some distance from the source, often 
hundreds of feet or more away. 

Symptoms of Noise Problems 

Some grounding problems are inevitable in complex and high-power systems. 
A good system developer understands grounding problems and, therefore, has 
a development lab with good earth grounds. This ensures that the new system 
works well during construction and testing. However, a common occurence is 
that when it is installed at a customer's site, nothing works. This is typically 
due to poor earth-grounding techniques. 

Gmd-2 
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HOOK-UP NOTES 

One is both in the 
occurrence of the problem and in what system does in itS All 

that occur at seemingly random are not 
nec:esi;ar11v caused by noise In Marginal bus vo11aaeis. tnaaeauaite 

rarely software conditi<ms, 
produce that seem to occur "°"'"'"' .... "" 
sources can produce 

some 
Nevertheless, the more 

It Is to l'l'\<:ltrOPlt>l'\c>t> as to cause and the more likely it Is 
to be a noise nmhlo,m 

Types and Sources of Electrical Noise 
The name given to electrical 
circuit as tl'\Ar'ITIOI 

Motors, power fluorescent 
discharges, are sources of EMI. There is a veritable alphabet ofEMI 
types, and these are briefly below. 

Supply Line Transients 
Anything that heavy current loadS on to or 
will cause transients in these power lines. ,;;:..,i, ... ..,,in,., 
or off, example, can put a 

The basic mechanism behind supply line tra,-.c:,o1:,ntc 

power source, ac or 
power source and switchable If 

both loadS are drawing current, current flowing 
inductance a field of some value. when one of the 

is switched off, the field to that component of the line current 

Gmd • 3 
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T'""""'"''"'1"' V1:>1tac2es. v=L{di/dt), which try to maintain the 
current its original caned an "inductive kick." Because of 
contact bounce, transients are generated whether the Is being opened 
or dosed, but they're worse when is being opened. 

V ..::.. 

L 

1. line transients. 

mmiaf\re kick of one type or 
line tr.:sr,c:u:i,ntc: lnvoMng 

""'"'"''W"''~ are then conducted to a susceptible 

EMPandRFI 
Anything that produces arcs or will electromagnetic 
{EMP) or radio-frequency {RFI). Spark discharges have probably 
caused more software upsets in digital equipment than any other noise 
source. The is the EMP produced by the spark. The 
EMP induces are what actualfy cause the upset 

ESD 
Is the spark that occurs when a person picks up 

a from walking across a carpet, and then it into a 
keyboard, or whatever can touched. Walking across a carpet in a 
riirr,!:11"' a can accumulate a of 35 kV. The current 

Gmd~4 
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an A'lltlM!n'liAIV 

...vn:sec. Figure 2 shows waveforms that 
lnVE'3St"latOifs of ESO phenomena. 

II() 

11'1 
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.5 
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Gmd-5 

design 
An,,lilY'u,m.:,ntc Although humidity is 

is not case in many other 
are moved, energy will build 
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up. This can cause ESD problems for a system's control circuitry, whether in 
the system computer, a power supply's microprocessor, an electronic vacuum 
pump, or a critical endpoint detector such as an RGA computer. 

Ground Noise 
Currents in ground lines are another source of noise. These can be 60-Hz 
currents from the power lines, or RF hash, or crosstalk from other signals that 
are sharing this particular wire as a signal return line. Noise in the ground 
lines is often referred to as a "ground loop" problem. The basic concept of the 
ground loop is shown in Fig. 3. The problem is that true earth-ground is not 
really at the same potential in all locations. If the two ends of a wire are 
earth-grounded at different locations, the voltage difference between the two 
"ground" points can drive significant currents (several amperes) through the 
wire. Consider the wire to be part of a loop which contains, in addition to the 
wire, a voltage source that represents the difference in potential between the 
two ground points, and you have the classical "ground loop." By extension, 
the term is used to refer to any unwanted (and often unexpected) currents in a 
ground line. 

r-·---···--··-·, 

l i 
Earth-ground 'F.._ _r: _ Earth-ground 

at A - at 8 

Ground Loop '- Potential Difference 
Between A and 8 

Figure 3. Illustration of a ground loop. 

"Radiated" and "Conducted" Noise 

Radiated noise is noise that arrives at the victim circuit in the form of 
electromagnetic radiation, such as EMP and RFI. It causes trouble by 
inducing extraneous voltages in the circuit. Conducted noise is noise that 
arrives at the victim circuit already in the form of an extraneous voltage, 
typically via the ac or de power lines. 

You can defend against radiated noise by carefully designing layouts and 
using effective shielding techniques. You can defend against conducted noise 
with filters and suppressors, although layouts and grounding techniques are 
important here, too. 
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Types of Failures and Failure Mechanisms 
nrnr,i .. ,rn that EMI can cause in digital sySiems is intennittent 

These software occur when the system is in 
an EMI source is activated, and are characterized 

by a of information or a jump in of the program to some 
random location in memory. The who to iron out is 
tempted to say the program counter went There is usually no damage 
to the hardware, and normal operation can resume as soon as the EMl 
Dassed or the source is de-activated. Resuming nonnal operation usually 

,c;u1.111e;::, manual or reset, and possibly of lost information. 

Current Loops 
learn about electricity is that current won't flow 

fact is Cl'itTI.Ofim~lC H>rTll'll"U"tlnlV 

Anrnnt>,AI' Who has spent the several years 
DO loop, the the feedback 

The current probably owes Its aoc,arent 
demise to the Invention of the By a 
stroke of the pen you avoid to draw the return 

of most of the current in the circuit. Then 
"ground" turns into an Infinite current so that 
any current that flows into it is gone and rorcmm~n 
Fon10tt,1n it may be, but it's not gone. It must return 
to its source, so that its will all the laws of 
nature form a closed 

nn~r<:1r~1n,r::.nrnAflr'UQf8 current loop is the key to why It nA111An:11t~ 

EMI, why to 
loop that matters. 

-7 

and how to it. SPl~CifilCSIIIY, 

a 
diSiance from the same 

DEFTS-PA_0000167 

Case 5:20-cv-09341-EJD   Document 138-20   Filed 03/18/22   Page 163 of 246



ilCe--PA_R_T_III __________ _ 

to the other wire, but farther away (relative to the wire spacing). \Nhere the 
distances from a given point to either wire are about the same, the fiek:ls from 
both wires tend to cancel out. 

Thus, maintaining proximity between feed and return paths is an important 
way to minimize their interference with other signals. The way to maintain 
their proximity is essentially to minimize their loop area. And, because the 
mutual inductance from current loop A to current loop B is the same as the 
mutual inductance from current loop B to current loop A, a circuit that doesn't 
radiate interference doesn't receive it either. 

Thus, from the standpoint of reducing both generation of EMI and susceptibility 
to EMI, the hard rule is to keep loop areas small. To say that loop areas 
should be minimized is the same as saying the circuit inductance should be 
minimized. Inductance is by definition the constant of proportionality between 
current and the magnetic field it produces: <p = LI. Holding the feed and return 
wires close together so as to promote fiek:l cancellation can be described 
either as minimizing the loop area or as minimizing L. It's the same thing. 

Shielding 

There a~e three basic kinds of shields: shielding against capacitive coupling, 
shielding against inductive coupling, and RF shiek:ling. Capacitive coupling is 
electric field coupling, so shielding against it amounts to shiek:ling against 
electric fields. As will be seen, this is relatively easy. Inductive coupling is 
magnetic fiek:l coupling, so shiek:ling against it is shielding against magnetic 
fields. This is a little more difficult. Strangely enough, this type of shielding 
does not in general involve the use of magnetic materials. RF shiek:ling, the 
classical "metallic banier" against all sorts of electromagnetic fields, is what 
most people picture when they think about shielding. Its effectiveness depends 
partly on the selection of the shielding material, but mostly, as it turns out, on 
the treatment of its seams and the geometry of its openings. 

Shielding Against Capacitive Coupling 
Capacitive coupling involves the passage of interfering signals through mutual 
or stray capacitances that aren't shown on the circuit diagram, but which the 
experienced engineer knows are there. Capacitive coupling to your body is 
what would cause an unstable oscillator to change its frequency when you 
reach your hand over the circuit, for example. More importantly, in a digital 
system it causes crosstalk in multi-wire cables. 

The way to block capacitive coupling is to enclose the circuit or conductor you 
want to protect in a metal shield. That's called an electrostatic or Faraday 
shield. If coverage is 100%, the shield does not have to be grounded, but it 
usually is, to ensure that circuit-to-shiek:l capacitances go to signal reference 
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ground rather than acting as feedback and crosstalk oi.:.m ... ntc: Besides, from 
a mechanical point of view, grounding It Is 

A grounded Faraday shield can couping between 
a and a as shown in 4. Figure 4A shows two 
circuits capacitively coupled through the between them. In 
Figure 4B the stray is by a shield, 
so that interference currents are shunted to ground. example, a grounded 
plane can be between PCBs (printed boards) to eliminate most 

capacitive coupling among them. 

Capacitive Coupling 

··I I·· 

4. Use 

Shielding Against Inductive Coupling 
Wth inductive the physical mechanism involved is a flux 
density B from some source that links with a current loop 
in the circuit, and a voltage in loop in with 

law: v = NA(dB/dt), where in this case N = 1 and A is the area of the 
l''lln-Pnf loop in the 
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There are two aspects to defending a circuit against inductive coupling. One 
aspect is to try to minimize the offensive fiekfs at their source. This is done by 
minimizing the area of the current loop at the source so as to promote field 
cancellation, as described in the section on current loops. The other aspect is 
to minimize the inductive pickup in the victim circuit by minimizing the area of 
that current loop, since, from Lenz's law, the induced voltage is proportional to 
this area. So the two aspects really involve the same corrective action: 
Minimize the areas of the current loops. In other words, minimizing the 
offensiveness of a circuit inherently minimizes its susceptibility. 

Shielding against inductive coupling means nothing more nor less than 
controlling the dimensions of the current loops in the circuit. We will look at 
two examples of this type of "shielding": the coaxial cable and the twisted pair. 

The Coaxial Cable. Figure 5 shows a coaxial cable carrying a current I from a 
signal source to a receiving load. The shield carries the same current as the 
center conductor. Outside the shield, the magnetic field produced by +I 
flowing in the center conductor is cancelled by the field produced by -I flowing 
in the shield. To the extent that the cable is ideal in producing zero external 
magnetic fiekf, it is immune to inductive pickup from external sources. The 
cable effectively adds zero area to the loop. This is true only if the shield 
carries the same current as does the center conductor. 

Figure 5. External to the shield, ~ = 0 

In the real workf, both the signal source and the receiving load are likely to 
have one end connected to a common signal ground. In that case, should the 
cable be grounded at one end, both ends, or neither end? The answer is that 
it should be grounded at both ends. Figure 6A shows the situation when the 
cable shield is grounded at only one end. In that case the current loop runs 
down the center conductor of the cable, then back through the common 
ground connection. The loop area is not well defined. The shield not only 
does not carry the same current as the center conductor, but it doesn't carry 
any current at all. There is no field cancellation at all. The shiekf has no effect 
whatsoever on either the generation of EMI or susceptibility to EMI. (It is, 
however, still effective as an electrostatic shield, or at least it would be if the 
shield coverage were 100%.) 
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->nu,cuiu:, when the cable is grounded both ends. Does 
shleld cany of the return or only a portion it on account of the 

ch1,1ntir1n effect of the common ground The answer to that 
queslion depends on the the signal. In general, 
current loop will follow the path of leasl At low rn:¥111anr.11Hi 

to several the inductive reactance Is the current 
will follow the leasl Above a few kilohertz, where Inductive 

EMt 

V 
!I 

V 
!I 

will follow path of least inductance. 
path minimum area. 

shield virtually the same current as the center 
and is therefore effective against both generation and re~~Dtlc)n 

Shield Hos No Effect 

Two Return Pottu, 

6. Use of coaxial cable. 
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The Ground loop 

7. Use coupler. 

The Twisted Pair. A cheaper way to minimize area is to run feed and 
retum wires right next to each as effective as a coaxial cable 
in minimizing loop area. An coaxial cable adds zero area to the loop, 
whereas merely the feed and retum wires next to each other Is bound 
to add a finite area. 

However, two things work to make this method almost as good as a 
coaooa, cable. are not ideal. If the shield current isn't 
evenly distributed around the conductor at every cross-section of the 

(It then field cancellation extemal to the shield is incomplete. 
field is incomplete, effective area added to loop by 

zero. Second, in the cheaper method the feed and retum wires 
can be twisted together. This not only proximily, but the 
picked in one twist tends to cancel the noise picked up in the next twist 
down line. Thus the "twisled tums to be about as good a shield 
s:11nt:1in<tt inductive coupling as cable 

does not, however, provide electrostatic shielding 
shielding Another operational difference is that 
the coaxial cable works better at higher frequencies. This is primarily because 

-12 
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the pair more capacitive to source than does 
the coaxial cable. 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 electric field a time-varying magnetic 

from the source of a EM field, 
"""''"''·n,.., of the and magnetic is always to 

the source of the fields, however. this ratio can be and 
dependent on the nature of the source. The field where the ratio is near 
n is caUed the far field, and field where the is significantly different 
from 3n fl is the near field. ratio ttself is called the wave 
imr.ortanr:a EIH. 

goes out about one-sixth of a wavelength from source. At 
1 at 1 o MHz about 15 ft. means that if 

same room with the victim it's likely to be a 
reason this matters is that in the near field an RF 

1nM,rta1·an1'!A problem could be almost entirely due to E-field coupling or H-field 
that the choice of an RF shield or whether an RF 
at 

of a whip antenna, the EIH is higher than 377 n, which 
means an A wire-wrap a whip 

Interference a whip antenna would by field ....., .. 1"""'"' 
oas,1ca111y capacitive coupling. Methods to protect a from 

rgr,:..Plll!UD \;Vl,IIJllll!.I such as a Faraday would be against RF 
int,.,rta,..,.n,•a from a whip antenna. A gndded-ground structure would be 

In the near a ls lower than 377 which 
mainly an H-field Any current is a loop antenna. 

1nte1ne1renc::e from a loop antenna would be by magnetic field coupling, which is 
baslcally same as coupling. Methods to a circuit 
inductive as a gridded-ground would be effective 
against RF ,m,,, ..... ,.,,.n,•.o. from a loop antenna. A Faraday shield would be 
effective. 
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eh1t:.1tt1r1n mechanism for t::.•11i8klS. R.efletctic>n 
nn,,nnmo,nnn is pretty much Independent of the of the shielding 
material. Both loss however, are dependent on the frequency 

impinging EMI field, and on the permeability (µ) and conductivity (a) of 
shielding material. These mechanisms vary approximately as follows: 

reflection to an E-field (in dB) - log .Jl.... 
mµ 

VVhere: 

exi:i,reS1Sioo tmlicatE!S that 1) E-field shielding is more effective if the 
shield is highly conductive and less if the is 
ferromagnetic, and .2) low-frequency fields are to block 
high-frequency This is shown in Fig. 8. 

0,: 150 

ti 
125 

<II 100 .s 75 
C 50 
.2 25 
i 0 
4i 0.01 Ir 

Copper and aluminum ooth same permeability, but copper is slightly 
more so provides e1;r,nt1u nmi:ttar rer11ect1on loss to an E-field. 

Is less effective for two reasons. it has a somewhat e1e1112uKJ 
to its iron and, as tends to be the case with 

mi:11tar1i:11e it is less conductive. 

exs:>ref;sicin for absorption to an 
ehl<llt'lir,n is more at higher and with shield 

conductivity and high permeability. In nractice_ 
its permeability involves some in 

tnl'r'<liCC>A In permeability more makes 
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ae<:re.!1se in conductivity, as can be seen in 9. This figure also shows the 
thickness. 

175 

150 

125 

/JI 100 /JI 

.9 
75 

so 

25 

0 
10 10• 10 7 

A of E-field and H-field is shown In 1 O. However, 
type of data is meaningful only in the far field. In the near field, the EMI could 
be 900/& In which case the reflection loss is It would be 
advisable then to up the absorption at the t:>vr.onc:,:, 

by choosing conductor than might be less eXPensl'\fe, 
it woukt also be ineffective. 

JOO 
/JI 1>10.,.~ 
;J 250 l! 
Ill 

~i 200 0 
,! 

I -I.I.I 150 I 
I 

• • .. • • I 

100 1-fl~;t·;'· ~ ,, 
50 

, 
-ptlc,, ,,' 

] 
_.,, 

0 --~ 0.01 0.1 10 100 1000 10,000 
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A characteristic that can for low-frequency magnetic fields Is 
ability of a high-permeability material such as mumetal to divert the field by 
nrAJtAn·r1nn a very low reluctance path to the magnetic flux. Above a 
kilohertz, however, the permeability of such is the same as 

In fact the a shielding turns out to be important 
than the presence of seams, joints and holes in physical structure of the 

The mechanisms are to induction of currents 
in the shield but the cutrents be allowed to flow freely. tfthey 
have to detour around slots and holes, as shown in Fig. 11, the 
much of its ene:ia.1,,emess. 

can be seen in 11, the severity of 
area of the than it of the 

11C Fig. 110 shows that a long narrow discontinuity such as a seam 
can cause more RF leakage a of with larger total area. A 
person who Is for designing or rack or ""'"""'"" 

an EMI needs to be with the tarnnirt, 

that are available electrical continuity across seams. 
lnfonnation on these techniques is available in the references at the end of thiS 
note. 

of 
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Grounds 
There are two kinds of grounds: earth ground ground) and signal 

The earth is not an surface, so potential 
In addition, its other electrical properties are not to use 

as a return in a circuit. However, circuits are often connected to 
ground for protection against shock other kind of 
ground, is an arbitrarily selected reference node in a circuit-

with respect to which other node in the circuit are 1111:1cmu1,11:1u. 

Earth Ground 
The standard U.S. three-wire, single-phase ac power distribution system is 
represented in Fig. white is earth-grounded at 

tf a load a metal and if black 
oe\ire101os a short to the will a hazard to 

nArconn,nAI unless the enclosure is earth-grounded. If the 
a short in a blown fuse rather than a 

earm'°'Jrotma connection to the is called a 

Note that the sa111nv-arom 
so that at 
length. 
different than 

Block 

White 

Green 

Earth-ground 

tnr,•A.illtln:I power is that it distributes a 

Figure 12. :s1m1re-,r1na.se powsr distribution. 
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In high-power systems and systems that radiate high levels of noise, it is 
common practice to provide each system with an individual earth-ground. This 
is done by driving a copper stake or stakes into the ground under or very close 
to the frame of the system, even to the extent of drilling holes through concrete 
floors. 

In multistory buildings it is even more difficult to provide a low-impedance, 
secure connection to the earth. Many times this is done by using a copper 
pipe that provides water to the system. This practice is suspect because the 
water pipe may travel a considerable distance before making contact with the 
earth, and thus may have a relatively high impedance/resistance. In a 
multistory system, a heavy copper strap should connect the system frame to 
an earth-ground stake by the shortest possible path. 

All earth-ground connections should be made with 1-1.5 in. copper strap 
whenever possible. This practice provides a low-impedance path for both de 
arid ac. 

In many areas the soil is very dry and has high electrical resistance. This is 
cured by providing a grid of stakes or a mat of copper wires, and a means of 
continually wetting the earth around the stakes or grid. 

In the past, the earth around the ground stake was saturated with copper 
sulfate. However, the toxicity of copper sulfate combined with its high solubility 
endangers groundwater supplies, and so this practice is now illegal. Other, 
nontoxic electrolytes are sometimes used, depending on local laws. 

Signal Ground 
Signal ground is a single point in a circuit that is designated to be the 
reference node for the circuit. Commonly, wires that connect to this single 
point are also referred to as "signal ground." In some circles "power supply 
common" or PSC is the preferred terminology for these conductors. In any 
case, the manner in which these wires connect to the actual reference point is 
the basis of distinction among three kinds of signal-ground wiring methods: 
series, parallel, and multipoint (shown in Fig. 13). 
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Series Connection 

....__R"L Point 

Parallel Connection 

Connection 

13. Three ways to wire the nrn11nr,,. 

Point 

Ref. Point 

The series connection is common simple 
It's the of the however, due to common-ground Impedance 
coupling between the Wien a ground 
cu1Tents from one flowing through the finite lmpedam::e of the common 

cause In the potential of the other circuits. 
that the cu1Tents In a digital system to be and that the 

common impedance is mainly inductive be bad 
to cause bit errors in cu1Tent or particularly noisy ;:i.1u1CHJ'1..11 

The parallel connection impedance but 
uses a lot of wire. Other disadvantages are that the impedance of the 
...... ,, ......... , ground can be very high, and the ground themselves can 

become sources 
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In the multipoint system, ground impedance is minimized by a ground 
with the circuits connected to it by very short leads. This 

type of connection would be used mainly in RF circuits above 1 O MHz. 

Practical Grounding 
A combination and parallel ground-wiring methods can be used to 
trade off economic and electrical is to run 
connections for circuits that have similar properties, and connect them at 
a as In parallel method (shown in Fig. 14}. 

and high current signal connects to like 
The hardware is the safety-ground connection 

to use hardware ground as a 
fainy (for example, It's the 

and tends to have high 

Screws and always make good electrical connections because of 
n:i::irv2n1t"'. action, and dirt. kinds of connections may work well 
at first, and then cause mysterious maladies as the system 
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Figure 15 illustrates a grounding system a typical power supply setup In a 
vacuum-process showing an application 
ground-wiring Ground lines 1 and 2 are normally required by code but 
cannot be upon in high-power systems. Ground lines 3, 4, and 5 
Mlustrate 

µai;:1111:11 grounding. ensure that power 
are integral parts of the etUCJrarn 

scheme (the utility Is usually not a ground). 
Ground line 8 provides primary system earth..ground connection. 

Current return 9 ensures a current return for the supply output and 
should not be confused with the ground (1 through 8). the typical 
aot>lia1tio11s u1._._..,,_"" on pages through 1-18 instructions on how to 
connect this line with the earth-ground tAnT1inA1 

s---------. 

15. 
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The of grounds shown In Fig. 16 Is to what Is shown in 
15, It is shown at the PCB level. Currents in multiplexed LED 
d1S1p1a,,s tend to a noise on the and supply lines l:Jec:au::se 
the constant switching and changing involved in 
segment driver ground Is it 11

"""''"'"" 

currents. The digit-driver ground is and should Ile provided with a 
path to the ground terminal, even If the PCB ground layout Is 

gridded. The feed and return current paths shouk:t laki out on 
opposite sides board like parallel flat ...._,,IUU'"4.Ut 

Control f'unetion 

Controller 

17 shows and wrong ways to make ground in racks. 
Note that the safety ground connections from panel to are made through 
ground not panel screws. Rack 1 connects 

to rack ground only at single reference Rack 2 
inl"',"11T£1.-.t1v connects ground to rack ground at two creating a 

loop around points 1, 2, 3, 4, 1. 
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Panel 

Grun-wire Ground 

Braided Cable 
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Rock 2 

Electronics 

braided 
frequencies 

than uniformly 
impedance of a given 

rninirnb•O impedance-to the 
area. For 
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Glossary 

Digital ground 
Data signal ground 
Analog signal ground 

Signal common 
Power common 
Common return 

RF return 

Ground 
Earth ground 

Grounding conductor 

Ground electrode 

Ground loop 

Gmd - 24 

Ground-line connections for nondifferential­
input, paired signal wires. These wires are 
paired for noise-rejection purposes. The 
ground wire of the pair may be connected to 
an individual ground connection or to a 
common ground connection. 

A return conductor (usually low current) 
common to several circuits. 

The path or paths that RF energy uses to 
return to its source (such as an RF 
generator). RF energy is a surface 
phenomenon and may travel over the 
surface of insulated wires, chassis, frames, 
floors, or equipment faces. Special methods 
must be used to ensure that there is a solid 
earth-ground in systems that produce or use 
RF energy. 

A terminal intended to ensure, by means of 
a special connection, the grounding 
(earthing) of part of an apparatus when 
property connected to an earth electrode. 

The conductor that is used to establish 
ground and that connects a piece of 
equipment or device to the ground electrode. 

A conductor, group of conductors, mat, or 
grid, in intimate contact with the earth for the 
purpose of providing a connection with 
ground. This electrode determines the lowest 
ground potential for an electrical system. 

A potentially detrimental loop formed when 
two or more points in an electrical system 
that are normally at ground potential are 
connected by an additional conducting path. 
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Earth resistivity 

Conducted interference 

Radiated interference 

Impedance 

Resistance 

Grnd- 25 

HOOK-UP NOTES 

A of the resistance 
of a unit volume The common unit of 
measure is ohm-meter, which is the 
resistance measured between faces of a 
cubic meter soil by driving ground 
AIA,....,rnn.::.c Into the earth 1 m to a 
depth of 1 m. 

lntederence from 
radkrfrequency noise, switching 
Ha111ten1ina strikes, or conducted "'16'"""n1~ .. 

noise (produced by the operation of other 
equipment) that enters equipment by direct 
coupling. 

lntederence resulting from radiated 
AtA,l'!lrr1~1nn1.:1t1r. energy that enters 

Symbol, Z. Unit, The 
opposition offered by a circuit to the flow of 
ac current. It may as a vector 
sum of resistance (the "real" part) and 
reactance (the part), or as a 
magnitude and Capacitive 
reactance as frequency 
aAr.,l'P.A!'tf!s'. inductive reactance increases as 
frequency lnNii::!A<lli"°''I:: 

Symbol, R. Unit, ohm (.C:l). The 
opposition to current flow. of 
Impedance. Defined as that factor by which 
the conduction current must be 
multiplied to determine the corresponding 
power lost by as heat or other 
permanent radiation loss of electromagnetic 
energy from the 
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Parting Thoughts 

The references by Ott and by Wlite were the main sources of information for 
the original article from which most of the material in this note was taken. 
According to that article, reference 4 "is probably the finest treatment currently 
available on the subject." 

Courses and seminars on the subject of electromagnetic interference are 
given regularly throughout the year. Information on these can be obtained from: 

IEEE Electromagnetic Compatibility Society 

• EMC Education Committee 
345 East 4 7th Street 
New York, NY 10017 
Phone: (212) 752-6800 

• Don VVhite Consultants, Inc. 
International Training Centre 
P. 0. BoxD 
Gainesville, VA 22065 
Phone: (703) 347-0030 

The EMC Education committee has available a videotape: "Introduction to 
EMC -A Video Training Tape," by Henry Ott. Don \l\lhite Consultants offers 
a series of training courses on many different aspects of electromagnetic 
cc.mpatibility. Most organizations that sponsor EMC courses also offer in-plant 
presentations. 

Reprinted in part by permission of Intel Corporation, Copyright/Intel 
Corporation, 1982. 
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HOOK-UP NOTES 
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Troubleshooting Guide 

troubleshooting procedures assume that an Advanced Energy111 control 
panel is connected to the power supply. The control panel can be mounted 
directly on the power supply or can a remote panel. Below is a list of the 
most common p~ms you may encounter. 

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

Wait at least S minutes after turning the 
power switch to the off position before 
attempting Internal troubleshooting. 

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

Problem/Fault Indication 

Control panel LEDs off, breaker on 

INTERLOCK flashing 

output won't tum on from control panel 

OUtput won't turn on from User 1/0 port 

FAIL E-01 mesisaae 

E-02 me!;sa«Je 

E-10 mes.sage 

FAIL E-12 message 

E-13 message 

FAIL E-14 me~,:,c:1,1e 

FAIL E-17 message 

ARC LED lit 

SETPOINT LEO flashing 

No output in power or current regulation 

No output In regulation 

output off unexpectedly 

Chart 1 
Chart 2 

Chart 3 

Chart 4 

Chart 5 

Chart 6 

Chart 7 

8 

Chart 9 

Chart 10 

Chart 11 

Chart 12 

Chart 13 

Chart 14 

Chart 15 

Chart 16 
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Troubleshooting Guide 
Chart 1. Control panel LEDs off, circuit breaker on. 

Chtck ft 
on 

motherboord 

Trbl-3 

Prelminary checks: 
• Verify 208 V ac three-phase input at terminal 

blook (neutral required). 
• Verify 120 V ac between #3 (ac) and #4 

(neutral) on input terminal block. 
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L.l Chart 2. Interlock LEDs flashing. 

Reduce 
intake air 

temp. 

START 

breoker 

Push 
OUTPUT OFF 
switch once 

U!ll(IJY 

>----------------..Pins end 19 
conn•cted to 
•cch other 

Trbl-4 
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Troubleshooting Guide 
Chart 3. Output won't turn on from control panel. 

Connect 
User 14 

to pin 19 

START 

Turn on 
circuit 

breaker 

Press 
OUTPUT OPP 
switch once 

ecch other 

to 
PROG pre1111 

REMOTES. ON 
switch once 

Trbl- 5 

These conditions must 
can be turned on from 
Energye MOX control 
• All interlock conditions must be 

satisfied. 
• The REMOTES, ON switch LEO must 

be out (not 
• User pin 14 must b& low. 

Press 
OUTPUT ON 

switch 

no 

ENO 
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Chart 4. Output won't tum on from User 1/0 port. 

START 

breaker 

These conditions must exist for the output to be turned on from 
the User l/0 port: 
• All intertoek rnr1111t1il'\no. must be sattsfied. 
• The REMOTES, ON switch must be 
• User plM 7 and 14 must go low to tum on output 

Trbl • 6 
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Troubleshooting Guide 
Chart 5. FAIL E-01 Message. 

Try to clear this message by pressing the OUTPUT OFF switch or turning the 
breaker off and then on. Contact AE Customer Service if the problem 

continues. 

Trbl • 7 
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Chart 6. FAIL E-02 message. 

This message indicates that one or more control panel switches are stuck 
"on." Make sure all switches are unstuck, and then press the OUlPUT OFF 
switch to clear the message. Contact AE Customer Service if the problem 
continues. 

Trbl - 8 
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TroubleshootinQ Guide 
Chart 7. FAIL E-10 Message. 

The display panel and the control logic communicate by means RS-232 
protocol. The "E-10" message indicates that the panel Is not recognizing 
communications from the logic. most common reason for this is Try 
the following: 
• Check the ac input line for and a good sine wave. 
• Check the grounds and minimize induced noise. 
• Check the routing and connection of the remote display cable. 

in 
connectors 

START 

breaker 

Contact At 

Trbl • 9 

ENO 

Correct 

Reroute 
eobles 
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LI Chart 8. FAIL E-12 message. 

The MDX has an out-of-setpoint timer that is accessible when you hold dOYln 
the REGULA 110N, CURRENT switch and momentarily press the RIGHT 
DISPLAY, SETPT switch. This timer tracks the amount of time that the MDX is 
unable maintain output at the operator-specified setpoint level. The 
message Is displayed when the amount time the MDX Is "out of setpoint" 
exceeds an operator-specified amount of time. 
Po!;sible causes: 
• The operator-specified that the MDX can be out of setpolnt is too 

for output to tum on. 
• the operator-specified time that the MDX can be out setpolnt Is 

too short for the process or there Is a problem with the process. 

START 

turn on 
output 

END 

Press 
OUTPUT OPP 
switch once 

to reset 

Trbl • 10 
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Troubleshooting Guide 
Chart 9. FAIL E-13 Message. 

This message indicates that the MDX has had a "soft start" failure. A 
is a relatively slow charging of the high-voltage de bus capacitor inside the 
MDX through an intemal resistor. high-voltage de bus is used as the 
power source for the switching transistors that ultimately direct the power to 
the output. An "E-13" message indicates that the high-voltage de capacitor 
has not reached the minimum level necessary for a soft start. 
Things to try: 

1. Make sure that the ae Input line voltage is within AE's recommended 
specifications (see user manual), and check ground rnn1na,.,1nr,c: 

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 when the oontactor closes). 
4. Check the MF1 and MF2 connections on the motherboard. 
5. Check the following sequence when output is turned on: 

a. LED 1 (yellow) on the logic PCB lights 
b. the main oontactor closes (listen for loud snap) 
c. LED 2 (red) on the logic PCB lights 

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

A troubleshooting flowchart appears on the next page. 

- 11 
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Ll Chart 9. FAIL E-13 message (continued). 

off 
breaker 

and correct 
oc tine 

START 

Tum on 
circuit 

breaker 

Press 
OUTPUT OFF 
switch once 
ond turn on 

output 

Press 
OUTPUT OFF 
switch once 

Check oc 

start fuse 

Go to 

no 

yes 

Trbl-

Service 

Correct 
MFI ond WI 
connections 
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breaker and 

START 

Press 
OUTPUT OFF 
switch once; 

turn on 
output 

Press 
OUTPUT OfF 

switch 
once 

Check oc 
line 
ond 

grounds 

breaker 

Troubleshooting Guide 
Chart 10. FAIL E-14 Message. 

END 

Trbl - 13 

This message indicates that the internal 
high-volage bus has exceeded an acceptable 
level. Things to try: 
1. Check that the ac input line VOlage meets AE's 

recommended spedfication (see user manuao. 
2. Check the ground connections. 
3. Check for the following sequence when output 

is turned on: 
a. LED 1 (yellow) on the logic PCB lights 
b. the main contactor closes Olsten for loud 

snap) 
c. LED 2 (red) on the logic PCB lights 

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

l(eCl"leCk QC 
or 

AE 
Customer 

Service 
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Chart 11. FAIL E-17 message. 

This message indicates that although satisfactory bus conditions were initially 
achieved, presently the bus voltage has dropped below an acceptable level. 
Things to try: 

1. Make sure that the ac input line voltage is within AE's recommended 
specifications (see user manuaQ. 

2. Check the ground connections. 
3. Check for the following sequence when output is turned on: 

a. LED 1 (yellow) on the logic PCB lights 
b. the main contactor closes Oisten for loud snap) 
c. LED 2 (red) on the logic PCB lights 

If one or more of these things don't happen, contact AE Customer Service (the 
cause may be a failed power module). 

A troubleshooting flowchart appears on the next page. 

Trbl - 14 
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breaker & 
correct oc 

line 

START 

breaker 

PreH 
OUTPUT OPP 
switch once 
ond turn on 

output 

Press 
OUTPUT OFF 
switch once 

connections 

Turn off 
circuit 

breaker 

Go lo 

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

END 

connection 

Trbl - 15 

F'olled 
power 

module 
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L.H;; Chart 12. ARC LED lit. 

The ARC LEO lights when the output of the MOX is recognizing an 
overcurrent condition. Possible causes: 

1. short in chamber 
2. chamber feedthrough cracked 
3. faulty connection 
4. failed power module inside MOX (oontacl AE Customer Service) 

START 

Turn on 
circuit 

breaker 

Trbl-16 

AE 
Service 
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Troubleshooting Guide 
Chart 13. SETPOINT LED flashing. 

Trbl - 17 

Note: The following conditions may cause the 
SElPOINT LED to flash: 
• the ARC LED is Ill arc has detected) 
• the maximum current rating for the selected 

voltage tap has been exceeded 
• the power rating for the system has 

exceeded 
• the maximum voltage rating for the selected 

voltage tap has been exceeded 
• a slave unit's SETPOINT LED is off (not lit) 
• a slave unit's interconnect cable is not 

correctly Installed 
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Ll Chart 14. No output in power or current regulation. 

Tum 

Trbl • 18 

Note: These are some additional conditions 
that may cause the displayed voltage 
1023 V: 
• The connection to the chamber 

have been made incorrectly. 
• A fault in the chamber may nof1 

allowing the plasma to Ignite. 
• The chamber pressure may not 

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

Tum oo 
01.1tput 

Trbl • 19 
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Chart 16. Output shuts off unexpectedly. 

Possible causes of output shutting off unexpectedly: 

• The MDX ran for the user-specified amount of time and then turned off. 
the OUTPUT OFF switch LED will flash when the run time has ended. 

• User pin 14 goes high. The OUTPUT OFF switch LED flashes when this 
line is high. 

• One or more interlock lines have gone high. The INTERLOCK LED and 
the OUTPUT OFF switch LED will flash when an interlock line is high. 

• A condition has occurred that is causing "E-12," "E-13," "E-14," or "E-17" 
to be displayed. 

• Control has been switched either to or away from a host controller. Output 
always shuts off when host-remote control is either seleded or 
"de-selected." 

• The intake air temperature has exceeded 45°C. The TEMP LED will flash 
(Advanced Energy® control paneO or light (Advanced Energy® passive 
front paneo. 

• The remote on function is disabled. 

Trbl - 20 
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START 

{lfl 

output 

Troubleshooting Guide 
Chart 16. Output shuts off unexpectedly (continued). 

D•Rb*e timer 
or 

increase time 

Co to 

Correct 
host 

control 

Trbl - 21 

£NO 

Note: Output shuts off whenever 
host-remote control ls selected or 
"de-selected" (that whenever you tNn,~r 

control to or away from a host 
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APPENDIX 

limits for an MDX model 5K, "low Z" COl'.tttat1ratron. 
1nvi1toD11t" Shows the boundaries for each of the three Rv11111Bn1A 

1moeaance ranges for the taps are Shown by the four labeled arrows. 
may higher than Shown here ii the MDX Is 
or power regulatj the impedance-range graph in 

A-3 
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Figure A-2. Voltage and current iimits for an MDX model 5K, “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 labeled
arrows. Note: The vollage may actually be slightly higher than shown here if the

oOisoperating in current or power regulation. See the impedance-range graphin ~20.
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Figure A-3. Voltage and currentlimits for an MDX model 5K, “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 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-21.
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6 

Figure A-4. Voltage and current Jfmlts for an MDX model 10K. "low Z" con­
figuration. Each numbered "envelope" shows the boundaries for each of the three 
available tap& The impedance ranger; for the t s are shown by the four labeled 
a1rows. Note: The voltage may actually be higher than shown here I the 
MDX it operetlng In current or power regulation. ee the impedance-range graph 
In Fig. A-22. 

A-6 
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Figure A-5. Voltage and cummt llmfts for an MDX model 101<. "standard Z" con­
figuration, Each numbered "envelope" shows the bOundarles for each of the three 
avallable tap,. The ii ranges for the tap, are shown by the four labeled 
anows. Note: The ge may actually be sllghtlV higher than shown here if the 
MDX Is operating in cum,;nt or power regulation. See the impedance-range graph 
In Fig. A·23. 
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ure A-6.. Voltage and current limits for an MDX model 1 OK, "high Z" con• 
"envelope" showa the boundaries for each of the three 

available taps. The lmJ)edance ranges for the taps are shown by the four labeled 
ar,ows. Note: voltage may actually be slightly higher than shown here If the 
MDX is operating current or power regufatlon. See the Impedance-range graph 
In A·24. 
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Figure A-1. Voltage and current limits for an MDX model 
figuration. Each numbered "envelope" shows the OOl'Jm:JWHJS 
available taps. The impedance ranges for the s are shown by the labeled 
arrows. Note: The voltage may actually higher than shown t the 
MDX is in current or power regulation. ee the impedance-range graph 
fn Fig, A 
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re A-S. Voltage and current llmlts for an MDX model 15K, "standard Z" con­
ach numbered "envelope" shows the boundaries for each of the three 

The ranges for the taps are shown by the four labeled 
ma higher than shown here I the 

operating In current or power e the Impedance-range graph 
A·26. 
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Figure A-9. Voltage and current llmltt for an MDX model 15K. "high Z" con­
figuration. Each numbered "envetope" thows the boundaries for each ol the three 
available tapt. The ance ranges for are thown by the lour labeled 
armwa Note: The ge may actually b6 higher than thown here I the 
MDX Is operating fn cummt or power regulat • ee the Impedance-range graph 
fn Fig. A-27. 
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Flgure A-10. Voltage and current limits tor an MDX model 20K, "low Z"' con­
figuration. Each numbered "envelope" shows the boundaries for each of the three 
available . The Impedance ranges for the taps are shown by the four labeled 
arrows.. The voltage may actually be tJv higher than shown here II the 
MDX is operating In cunent or power regu • See the Impedance-range graph 
in A·28. 
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Figure A-11. Voltage and current limits for an MDX model 20 "standard Z" con­
figuration. Each numbered "envelope" shows the r each of the three 
available taps. The ranges for the taps are shown by the lour labeled 
arrows. Nata: The ge may actually be slightly higher than shown here If the 
MDX is operating In current or power regulation. See the Impedance-range graph 
In Fig. A-29. 
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and cummt limits for an MDX model 20K, "high Z" con­
•envebpe" Shaws the boundaries for each of the three 

available taps. ce ranges for the our labeled 
arrows. Note: The may actually be than Shawn here If the 
MDX is operating in current or power regulatfon. the Impedance-range graph 
in Fig. A-30. 
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AMPS 

re A· 13. Voltage and cuuent limits for an MDX model 251(, "A:>w Z" con-
. Each numbered "envelope" shows the boundaries tor ead1 d the three 

a. ranges for the t are shown r labeled 
arrows. ~ may actually be here I the 
MDX is operating In cuuent or power regulat Impedance-range graph 
In Fig. A•31. 
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Figure A-14, Voltage and current limits for an MDX model 251<, "standard Z" con,. 
figuration. Each numbered "envelope" thow, the boundaries for each of the three 
available taps. The impedance r. for the taps are thown by the four labeled 
arrow& Note: The voltage may rgher than thown here If the 
MDX Is operating In current or power " the ll'Tlpedance,.range graph 
In Fig. A-32. 
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A· 15. Voltage and current limits for an MDX modal 25K, "high Z" con-
11au,racK.'11. Each numbered "envelope" shows the boundaries for each of the three 
avaiilalJ·ie taps. The impedance ranges for the taps are shown by the four labeled 
arrows. Nore: The voltage may actually be sllgh than shown here if the 
MDX Is operating In current or power regulatk:in. the Impedance-range graph 
In A·33. 
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Figure A· 16. Voltage and current limits for an MDX model 30K, "low Z" con­
figuration. Each numbered "envelope" lhows the boundaries for each of the three 
ava11able taps. The ce range, for the taps are shown by the four labeled 
am:.>ws. Note: The ay actu than lhown here If the 
MDX Is operating in current or power regulatli the lmpedanc•range graph 
In Fig. A-34. 
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Figure A-17. Voltage and current limits for an MDX model 30K, “standard 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 graphin Fig. A-35.
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Figure A· 18. Voltage and current Umlts for an MDX model 30K, 'tlfgh Z" oon­
ffguration. Each numbered "envelope" show, the boundariea for each of the three 
available tap,. The t ranges for the tap, are shown by the four labeled 
arrows. Note: The ge may actual1y be sllghtlv an shown here ii the 
MDX is operating In current or power regulation. See impedance.range graph 
In Fig. A-36. 
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A-19. Impedance-range graph for an MDX model 51(, "tow Z" conflguratiOn. 
are the three overlapping ranges of Impedance values that can be 

accomodated with either tap 1, 2, or 3. Th that can be accomods.ted with 
tap 1 is enclosed by the lines labeled ·1 "; 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. lrnpedane&-range graph for an MDX model 5K, "standard Z" con-
figuration. Shown are the th ranges al Impedance values that can 
be accomodated with eith The that can be accomodated 
with tap 1 is Mclosed by the lines labeled "1 *; , the Jines that enelose the 
other two ranges are labeled "2" and "3." Also see A-2. 
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A-21. lmpedance-,r. graph for an MDX model 5K, "hlah Z" configuration. 
are the th g 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 "; l!llmllarly, the lines that enclose the 
other two ranges are labeled "2" and "3." Also see Fig. A-3. 
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Figure A·22, Impedance-range graph for an MDX model 101<, "bw Z" con-
figuration. Shown are the three overlapping of Impedance values that can 
be accomodated with or 3. that can be accomodated 
with tap 1 ls enclosed by the labeled "1 "; ty, the lines that encbse the 
other two ranges are labeled 12· and "3." Also see Fig. A-4. 
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Figure A-23. impedance-range graph for an MDX model 10K, “standard 2” 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 accomodaied
with tap 7 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-&.
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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 can 
be accomodated with either tap 1, 2, or 3. that can be accomodated 
with tap 1 is enclosed by the lines labeled , , 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. lmpedanct!rtange graph for an MDX model 15K, "low Z" con­
figuration. Shown are the three overlapping ranges of Impedance values that can 
be accomodated with 2, or 3. The ranr;,e that can be aa':Omt::Xia,ted 
with tap 1 Is enclosed by the labeled "1 "; similarly, the lines that enoro,se 
other two ranges are labeled 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 range, of impedance value, that can 
be accomodated with 2, or 3. The that can be accomodated 
with tsp 1 i1 encloled by the labeled 111 •; , the lines that enclose the 
other two ranges are labeled "2 • and "3." Also see A-8. 
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re A-27. Impedance-range graph for an MDX 15K, "high Z" con-
. Shown are the three overlappfng ranges Impedance values that can 

be accomodated with either tap 1, 2, or 3. The range that can be accomodated 
with tsp 1 it enclosed by the lines IBM/ed "1 "; similarly, the tines that enclose the 
other two ranges are labeled "'2" and "3." Also see Fig. A-9. 
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be accomodated with either

Figure A-28. impedance-range graph for an MDX model 20K, “iow Z” con-
uration. Shown are the three overlapping ranges of impedance values that can

1, 2, or 3. The range that can be accomodatedal

with tap 7 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-10.
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Figure A·29. Impedance-range graph for an MDX model 20K, "standard Z" con-
figuration. Shown are the three ranges of impedance values that can 
be accomOdated wfth either tap 1, 2, The range that can be accomOdated 
wfth tap 1 Is enclosed by the lines labeled •1 •; similarly, the lines that enclose the 
other two are labeled "2" and "3" Also see Fig. A-11. 
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Figure A-30. Impedance-range graph for an MDX model 2 
figuration. Shown ate the three overlapping ranges of i that can 
be accomodated with either tao 1, 2, or a The that can be accomodated 
with tap 1 fs enclosed by the lines labeled "1 "; si 'ly, the Ines 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 tao 1, 2, or 3. The that can be accomodated 
with tap 1 is MClosed by the Jines labeled "1 "; , the lines that MClose the 
other two ranges are labeled "2 • and "3." Also see FIQ. 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 ranges of Impedance values that can 
be acaJmodated with 1, The that can be aa::omodated 
with tap 1 Is enclosed by the es labeled "1 "; , the lines that enclose the 
other two a.re labeled "2· and '"3." Also see Fig. A-14. 
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Figure A-33. Impedance-range graph for an MDX model 251(, "high Z" con­
figuration. Shown are the three overlapping ranges d impedance value, that can 
be aooomodated with either tap 1, 2, or 3. The that can be aooomodated 
wfth tap 1 Is enclosed by the lines labeled "1 ·; ty, the lines that encto,e 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-
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 7 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-16.
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Figure A-35. lmpedance--range graph for an MDX model 30K, "standard Z" con-
figuration. Shown are the · ranges of Impedance values that can 
be accom The ranqe that can be accomodated 
with tsp 1 is enclosed by the "1 •; similarly, the lines that enclose the 
other two ranges are labeled "2" and "3." A/So see Fig. A-17. 
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Warranty Claims 

narrnl\N tJIVYU\.ILO are warranted to be free from to defects In material 
workmanship for 12 months are shipped from the factory (please see warranty statement, below, 
for aet,irnsJ 

shipping or damage, you must Inspect the delivered goods report 
30 days of receipt of the goods. Please note that failing to report any damage 

Is the same as acknowledging that the goods were received undamaged. 

For a warranty clalm to be it must: 
• wlthln warranty period 
• include the product number and a full of the gMng to the 
• have been assigned a retum authori2ation number (see below) by AE Customer .,.,..,,,.,..,,. 

warranty work will performed at an authorized AE service center list of contacts at front of 
the manual). You are ra"'1"""'"1«un1a for obtaining (see details below) to retum any defective 

prepaying and ensuring that the units are returned to an authorized AE service 
center. AE wlll return unit (freight to you by air shipment ground 

for local returns); parts and labor provided free Whoever the unit 
you or AE) Is for proper1y packaging and insuring unit. 

Authorized Returns 

Before returning any product for repair and/or adjustment, call AE Customer s11:1inu,,..A 
problem with them. Be to them the unit and 
proposed return. call will allow Customer to If must actually 

for problem to be Such technical consultation Is always avaDable at no rh111,rna 

without authori2ation from AE Customer Service and that are found to be functional 
will not be under warranty (see warranty statement, below). That is, you wHI have to pay a 
retest and calibration and shipping charges. 

Upgrading Units 

products are oontinuaffy changing as ways to improve them are discovered. AE Is happy to upgrade 
so that they recent Improvements. The fee for upgrading a unit wlll be a percentage of 

based on age of unit. Such an upgraded unit will carry a 6-month warranty 
will to any time remaining on the original warranty). Contact Service for 

spe!cmc:s on getting an older unit upgraded to current revision level. 

Warranty 

The seller makes no express or implied warranty that the goods are merchantable or flt for any 
particular purpose except as specifically stated in printed.A£ specifications. The sole responsibility 
of the Seller shall be that it will manufacture the goods in accordance with its pubHshed 
specifications and that the goods will be free from defects In material and workmanship. The 
seller'• liability for breach of an expressed warranty shall exllt only If the goods are Installed, 
started in operation, and tested in conformity with the seller's published inttructions. The seller 
expressly excludes any warranty whatsoever concerning goods that have been subJect to misuse, 
negligence, or accident, or that have been altered or repaired by anyone other than the seller or the 
seller's duly authorized agent. This warranty is expressly made in lieu of any and all other 
warranties, express or implied, unless otherwise agreed to In wrHing. The warranty period is 12 
months after the date the goods are shipped from AE. In an cases, the seller has sole reaponslbUity 
for determining the cause and nature of the tallure, and the seller's determination with regard 
thereto shall be final. 
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