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TDK-Lambda
GENERAL SAFETY INFORMATION

READ SAFETY INSTRUCTIONS

The following safety precautions must be observed during all phases of operation, service and
repair of this equipment. Failure to comply with the safety precautions or warnings presented in
this document violates safety standards of design, manufacture and intended use of this equipment
and may impair the built-in protections within. TDK-Lambda shall not be liable for user’s failure to
comply with these requirements.

SERVICING

These products are not customer serviceable. Parts substitutions and modifications are by authorized
TDK-Lambda service personnel only. For repairs or modifications, the product must be returned to
TDK- Lambda service facility.

CRITICAL COMPONENTS

These products are not authorized for use as critical components in nuclear control systems, life
support systems or equipment for use in hazardous environments without the express written
approval of the Managing Director of TDK-Lambda Ltd.

PRODUCT USAGE

These products are designed for use as standalone equipment within a limits described in product
Manual. They are not designed for general home or consumer use, and are designed for indoor use.

ENVIRONMENTAL

These products are IP20, and therefore chemicals/solvents, cleaning agents and other liquids must
not be used.

ENVIRONMENT

These products are designed for use within a Pollution Degree 2, Overvoltage Category Il environment,
and must be operated within the environmental conditions (temperature, altitude, etc.) specified
in the user manual.

OUTPUT LOADING

The output power taken from the product must not exceed the rating stated on the product label,
except as stated in the product Manual. The insulation of the wire connected to the DC output
should be in accordance with the output load current and voltage.

INPUT PARAMETERS

These products must be operated within the input parameters stated in the product user Manual.
The means of connecting this equipment to the supply must only be according to the instructions
specified in the user manual to reduce risk of hazard.

Connection to AC MAINS must be done by an electrical or other qualified personnel

END OF LIFE DISPOSAL
The product contains components that require special disposal. Make sure that the unit is properly

disposed of at the end of its service life and in accordance with local regulations.

EQUIPMENT OPERATION AND OPERATING CONTROLS

Identification and description of operating controls and their use in all operating modes are stated
in the user manual. Operating of the equipment is explained in detail in the user manual.

[A779-04-01H



SAFETY

VENTILATION

The ventilation openings on these products must not be covered. Ensure that there is at least 10cm
spacing between any obstruction and the ventilation openings.

INPUT AND OUTPUT CABLES

Must use cables with the appropriate voltage and temperature ratings to ensure safe, reliable operation.

ACCESSORIES

Only accessories which meet the manufacturer’s specifications shall be used. For identification and
instructions for connection of accessories, refer to the user manual.

HANDLING, LIFTING AND CARRYING
Handling, lifting and carrying of the equipment shall be made only according to the instructions
specified in the user manual to avoid potential personal injury.

DISCONNECT DEVICE

The appliance coupler is the main disconnect device of the equipment which reliably shuts off the
supply from the equipment. The positioning of the equipment must not make it difficult to operate
the disconnect device.

NOTE: The switch incorporated in the equipment does NOT act as a main disconnect device and
does not cut the supply or power from the equipment. It is added as a means to shut down certain
circuits inside the power supply such as the display and the output circuit.

INSTALLATION

Installation of the equipment or the system incorporating the equipment must be in accordance with
the installation instructions provided by the manufacturer. The safety of any system incorporating
the equipment is the responsibility of the assembler.

IMPROPER USAGE OF THE EQUIPMENT

If the equipment is used in a manner not specified by the manufacturer, the protection provided
by the equipment may be impaired.

RACK MOUNTING SAFETY INSTRUCTIONS

A) Elevated Operating Ambient - If installed in a closed or multi-unit rack assembly, the operating
ambient temperature of the rack environment may be greater than room ambient. Therefore,
consideration should be given to installing the equipment in an environment compatible with
the maximum ambient temperature (Tma)specified by the manufacturer.

B) Reduced Air Flow - Installation of the equipment in a rack should be such that the amount of
air flow required for safe operation of the equipment is not compromised.

C) Mechanical Loading - Mounting of the equipment in the rack should be such that a hazardous
condition is not achieved due to uneven mechanical loading.

D) Circuit Overloading - Consideration should be given to the connection of the equipment to the
supply circuit and the effect that overloading of the circuits might have on overcurrent protection
and supply wiring. Appropriate consideration of equipment nameplate ratings should be used
when addressing this concern.

E) Reliable Earthing - Reliable earthing of rack-mounted equipment should be maintained. Particular
attention should be given to supply connections other than direct connections to the branch
circuit (e.g. use of power strips).

USERS

This equipment must be operated only by qualified personnel who understand the instructions and
safety manuals provided with the equipment. If the equipment must be operated by an unqualified
personnel, then he/she must be supervised by a qualified personnel.



TDK-Lambda

VAN

RISK OF ELECTRIC SHOCK

High Voltage Warning

Dangerous voltages are present within the power supply. To avoid injuries, always disconnect power,
discharge circuits and remove external voltage sources before touching components.

Class | Warning

The unitis Class | product. To minimize electrical shock hazard, the unit must be reliably earthed and
professionally installed. Any interruption of the protective ground conductor or disconnection of
the protective earth terminal will cause a potential shock hazard that might cause personal injury.
Energy Hazards Warning: The main output of the unit is hazardous energy (240VA) and must not
be user accessible in the end application.

Hazardous output Warning

There is a potential shock hazard when using a power supply with an output voltage greater than
60VDC. Do not turn ON power supply when output voltage is above 60VDC without output bus-bars/
or output connectors protection assembled. Turn OFF power supply or disconnect power supply
from AC mains before making or changing any rear panel connection.

Internal fuse Caution

Internal fuse protects the unit and must not be replaced by the user. In case of internal defect, the
unit must be returned to TDK-Lambda Ltd. or one of their authorized agents.
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Programmable DC Power Supplies
200W/400W/600W/800W
Built-in USB, RS-232 & RS-485 Interface

USER MANUAL

This Manual Covers Models:

Z160-1.3 Z320-0.65 Z2650-0.32
Z2160-2.6 Z320-1.3 Z650-0.64
Z2160-4 Z320-2 Z650-1
Z160-5 Z320-2.5 Z650-1.25
Z375-2.2
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TDK-Lambda Corporation

i N RETE REEFTIARE SJ/T11364-2014 (FER0HS2)
People's Republic of China Electronic Industry Standard SJ/T 11364-2014 (China RoHS2)

®

‘ *mm / Product: |Z+ Series:Z200,2400,2600,2800 POWER SUPPLY
HEEEEYWFEETE | Hazardous Substances
FHEMW Part Name g ® S A [BEBER [sn-xm
Pb Hg Cd Cr6+ PBB PBDE
HIER1EL / PCB Assembly x 0 o 0 0 0
HL58 (ansz/)/ Enclosure (f applicable) X o) o o o) 0
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R IKESIIT11634-201431 2 I %E
This table is prepared in accordance with the provisions of SJ/T 11364-2014

ERFRREYEMHESMEE YR EE T GB/T26572REHER
o= Indicates that said hazardous substance contained in all of the homogeneous materials
for this part is below the limit requirement of GB/T 26572

RRFRIANED— R H A S NEENERE TCB/T26572REME R
X= Indicates that said hazardous substance contained in at least one of the homogeneous
materials used for this part is above the limit requirement of GB/T 26572.
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TDK-Lambda

WARRANTY

This TDK-Lambda product is warranted against defects in materials and workmanship for a period
of five years from date of shipment. During the warranty period, TDK-Lambda will, at it's option,
either repair or replace products which prove to be defective.

Limitation of Warranty

The warranty shall not apply to defects resulting from improper orinadequate usage or maintenance
by the buyer, buyer supplied products or interfacing. The warranty shall not apply to defects resulting
from unauthorized modifications or from operation exceeding the environmental specifications
of the product or if the QA seal has been removed or altered by anyone other than TDK-Lambda
authorised personnel. TDK-Lambda does not warrant the buyers circuitry or malfunctions of
TDK-Lambda products resulting from the buyer’s circuitry. Furthermore, TDK-Lambda does not
warrant any damage occurring as a result of the buyer’s circuitry or the buyer’s supplied products.
No other warranty is expressed or implied.

Warranty Service

This product must be returned to an authorized TDK-Lambda service facility for repairs or other
warranty service. For products returned to TDK-Lambda for warranty service, the buyer shall prepay
shipping charges to TDK-Lambda and TDK-Lambda shall pay the shipping charges to return the
product to the buyer. Refer to section 3.11 for Repackaging for Shipment.

Disclaimer

The information contained in this document is subject to change without notice. TDK-Lambda
shall not be liable for errors contained in this document or for incidental or consequential damages
in connection with the furnishing, performance or use of this material. No part of this document
may be photocopied, reproduced or translated into another language without the prior written
consent of TDK-Lambda.

Trademark Information
Microsoft™ and Windows™ are trademarks of Microsoft Corporation.
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REGULATORY NOTICES

FCC Notice

This device complies with Part 15 of the FCC Rules. Operation is subject to the following two
conditions: (1) this device may not cause harmful interference, and (2) this device must accept
any interference received, including interference that may cause undesired operation.

NOTE:

This equipment has been tested and found to comply with the limits for a Class A digital device,
pursuant to Part 15 of the FCC rules. These limits are designed to provide reasonable protection
against harmful interference when the equipment is operated in a commercial environment. This
equipment generates, uses, and can radiate radio frequency energy and, if not installed and used in
accordance with the instruction manual, may cause harmful interference to radio communications.
Operation of this equipment in a residential area is likely to cause harmful interference in which case
the user will be required to correct the interference at his own expense.

WARNING:

Maodifications not expressly approved by the party responsible for compliance could void the user’s
authority to operate the equipment under FCC Rules.

Safety Approvals

UL61010-1 and CSA22.2 No.61010-1 - cTUVus.

IEC61010-1 - CBTest Report and Certificate.

EN 61010-1 - TUV Mark, CE mark.

EN 61326-1

Marking of the CE symbol indicates compliance to the EMC Directive, the Low Voltage Directive and
RoHS Directive of the European Union.

A“Declaration of Conformity”in accordance with the preceding directives and standards has been
made and is on file at our EU representative TDK-Lambda Europe GmbH, Karl-Bold-Str.40, D-77855 Achern.

UKCA Marking, when applied to a product covered by this handbook, indicates compliance with
the Electrical Equipment (safety) Regulations 2016, Electromagnetic Compatibility Regulations 2016
and Restriction of the Use of Certain Hazardous Substances in Electrical & Electronic Equipment
regulation 2012.

UKCA“Declaration of Conformity”in accordance with the preceding directives and standards has
been made and is available on a file at our UK representative TDK-Lambda UK Limited, Kingsley
Avenue, llfracombe, Devon EX34 8ES.

Declarations may be accessed via company web site:
https://www.emea.lambda.tdk.com/safety_cert

WARNING:

This is a Class A product. On a domestic environment, this product may cause radio interference in
which case user may be required to take adequate measures.

OTHER

7200, Z400, Z600, Z800 series are comply with the following Directives:
e RoHS2 Directive (2011/65/EU);

e WEEE Directive (2002/96/EC).
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SAFETY INSTRUCTIONS

CAUTION:

The following safety precaution must be observed during all phases of operation, service and repair
of this equipment. Failure to comply with the safety precautions or warningsin this document violates
safety standards of design, manufacture and intended use of this equipment and may impair the built-in
protections within. TDK-Lambda shall not be liable for user’s failure to comply with these requirements.

CAUTION:

Z* series units are not authorized for use as critical component in nuclear control systems, life support
systems or equipment for use in hazardous environments without the express written approval of
the managing director of TDK-Lambda.

OVERVOLTAGE CATEGORY AND ENVIRONMENTAL CONDITIONS

The Z* series units have been evaluated to Overvoltage category |l.

The Z* series units are intended for use in the following operation conditions:
* Indoor use

* Pollution degree 2

* Max. operational altitude: 3000m above sea level

* Ambient temperature: 0°C-50°C.

GROUNDING

Z" series units are Class | product. To minimize electrical shock hazard, the Z* series units must be
connected to an electrical ground. The instruments must be connected to the AC power supply
mains through a standard certified three-wire power cable, with the ground wire firmly connected
to an electrical ground (safety ground) at the power outlet. Any interruption of the protective
ground conductor or disconnection of the protective earth terminal will cause a potential shock
hazard that might cause personal injury.

LIVE CIRCUITS

Operating personnel must not remove the Z* series unit cover.

No internal adjustment or component replacement is allowed by non-TDK-Lambda qualified
service personnel. Never replace components with power cable connected. To avoid injuries,
always disconnect power, discharge circuits and remove external voltage sources before touching
components.
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PARTS SUBSTITUTIONS & MODIFICATIONS

Parts substitutions and modifications are by authorized TDK-Lambda service personnel only. For
repairs or modifications, the instrument must be returned to TDK-Lambda service facility.

ACINPUT

Do not connect Z* series unit to mains supply exceeding the input voltage and frequency rating.
The input voltage and frequency rating is: 100-240V~, 50/60Hz. For safety reasons, the mains
supply voltage fluctuations should not exceed +/-10% of nominal voltage.

ENERGY HAZARD

The main output of Z* series units is capable of providing hazardous energy. Due to hazardous
energy level the output and connections therefore must not be user accessible. Manufacturer's
final equipment must provide protection to service personnel against inadvertent contact with
output connector.

FUSE

Internal fuse is sized for fault protection and if a fuse was opened it would indicate that service is
required. Fuse replacement should be made by qualified technical personnel.

Refer to maintenance instructions in Chapter 11 for fuse ratings.

WARNING:

There is electric shock hazard when the power supply output is adjusted above 60VDC, Ensure that
thereis no possibility to touch simultaneously one of the output pins and earth (including the power
supply’s metal enclosure) nor to touch simultaneously one of the output pins and metal parts of any
external products supplied by the power supply when the output is adjusted above 60VDC.

11
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WARNING:

Thereis a potential shock hazard when using a power supply with output voltage greater than 60VDC.
Do not turn ON power supply when output voltage above 60VDC without output plug protection
assembled. Turn OFF power supply or disconnect power supply from AC mains before making or
changing any rear panel connection.

SYMBOLS

Caution, risk of danger. Instruction manual symbol. The instrument will be marked
with this symbol when it is necessary for the user to refer to the instruction manual.
Achtung Gefahr. Symbol im Benutzerhandbuch. Das Gerat wird mit diesem Symbol
gekennzeichnet, wenn der Benutzer Anweisungen im Handbuch beachten muss.

Indicates ground terminal.
Zeigt einen Erdungsanschluss an.

Protective Conductor Terminal.
Schutzleiterklemme.

ON (Supply).
EIN (Zufuhr).

OFF (Supply).
AUS (Zufuhr).

Standby (Supply) .
Standby (Zufuhr) .

| clo-@H+B

Direct current (DC).
Gleichstrom (DCQ).

Alternate current (AC).
Wechselstrom (AQC).

WARNING

L

Denotes hazard. An attention to a procedure is called. Not following the procedure
correctly could result in personal injury. A WARNING sign should not be skipped and
all indicated conditions must be fully understood and met.

Bezeichnet Gefahren. Es wird die Beachtung eines Verfahrens empfohlen. Nichteinhaltung
desVerfahrens kann zu Kérperverletzung fiihren. Ein WARN-Hinweis darf nichtignoriert
und alle angefiihrten Verfahren miissen eindeutig verstanden und umgesetzt werden.

CAUTION

Denotes hazard. An attention to a procedure is called. Not following the procedure
correctly could result in damage to the equipment.

Bezeichnet Gefahren. Es wird die Beachtung eines Verfahrens empfohlen. Mangelhafte
Einhaltung des Verfahrens kann zu Beschadigung der Gerate fiihren.
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PRODUCT TEST RESULTS

As part of TDK-Lambda’s efforts to protect the global environment and as part of TDK's
Sustainability Vision, we are happy to notify you that we have launched an online product test
results database.

To reduce paper waste, starting in September 2022, TDK-Lambda Ltd. will stop printing
individual product test results which used to be included in a unit’s package.

Test results will be available online on a dedicated page on our website, starting with all
products manufactured as of April 2021.

To view your product’s test results, enter the serial number and part number printed on your
power supply’s label on the following webpage:

https://www.emea.lambda.tdk.com/uk/technical-data/

We encourage you to avoid printing test results and instead store a digital copy in your ERP
system.
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CHAPTER 1: GENERAL INFORMATION

1.1 User Manual Content

This user's manual contains the operating instructions, installation instructions and specifications
of the Z* Series 200W, 400W, 600W and 800W power supply series. The instructions refer to the
standard power supplies, including the built-in USB and RS232/485 serial communication. For
information related to operation with the optional LAN and IEEE, refer to User Manual for power
supply LAN and IEEE.

1.2 Introduction

1.2.1 General Description

Z* Series power supplies are wide output range, high performance switching power supplies. The
Z* Series is power factor corrected and operates from worldwide AC voltage range continuously.
Output voltage and current are continuously displayed and LED indicators show the complete
operating status of the power supply. The Front Panel controls allow the user to set the output
parameters, the protection levels (Over-Voltage protection, Under-Voltage protection and Foldback)
and preview the settings. The rear panel includes the necessary connectors to control and monitor
the power supply operation by remote analog signals or by the built-in serial communication USB
and RS232/485. LAN, IEEE and Isolated-Analog programming/monitoring are optional.

1.2.2 Models Covered by this Manual

Model Voltage range (V) Current range (A)
Z160-1.3 0-160 0-1.3
2160-2.6 0-160 0-2.6
7160-4 0-160 0-4
7160-5 0-160 0-5
7320-0.65 0-320 0-0.65
7320-1.3 0-320 0-1.3
7320-2 0-320 0-2
7320-2.5 0-320 0-2.5
7375-2.2 0-375 0-2.2
7650-0.32 0-650 0-0.32
7650-0.64 0-650 0-0.64
7650-1 0-650 0-1
7650-1.25 0-650 0-1.25

1.2.3 Features and Options

o Constant Voltage / Constant Current with automatic crossover.

e Active Power Factor correction.

o Universal Input Voltage 85-265Vac, continuous operation.

o Embedded Microprocessor Controller.

e Builtin USB & RS232/485 Interface.

« Voltage & Current high resolution adjustment by digital Encoders.

o High resolution 16 bit ADCs & DACs.

o Software Calibration (no internal trimmers / potentiometers).

e Last Setting Memory.

e Independent Remote ON/OFF (Opto-Isolated) and Remote Enable/Disable.

o Parallel operation (Master/Slave) with Active current sharing.

o Remote sensing to compensate for voltage drop of power leads.

o External Analog Programming and Monitoring (0-5V or 0-10V, user selectable).
o Cooling fan speed control for low noise and extended fan life.

e Optional LAN interface (SCPI compatible).

o Optional IEEE interface (SCPI compatible).

o Optionallsolated Analog programming/monitoring (0-5V or 0-10V, user selectable and 4-20mA).

15




TDK-Lambda

1.2.4 Multiple Output Power System

The Z* Series power supplies series can be configured into a programmable power system of up
to 31 units using the built-in USB or RS232/RS485 communication port in the power supply and
the RS485 linking cable provided with each power supply.

In a LAN system, each power supply can be controlled using the optional LAN controller (factory
installed). In an IEEE system, each power supply can be controlled using the optional IEEE controller
(factory installed).

1.2.5 Control via the USB or R$232/485 Communication Ports
The following parameters can be programmed via the serial communication port:
o Output voltage setting.

o Output current setting.

e Output voltage measurement.

e Output current measurement.

o Output on/off control.

o Foldback protection setting.

o Over-voltage protection setting and readback.

o Under-Voltage protection setting and readback.

o Under-Voltage limit setting and read back.

o Power-supply start up mode (last setting or safe mode).

1.2.6 Analog Voltage Programming and Monitoring

Analog inputs and outputs are provided at the rear panel for analog control of the power supply.
The output voltage and the current limit can be programmed by analog voltage or by resistor,
and can be monitored by analog voltage. The power supply output can be remotely set to On
or Off and analog signals monitor the proper operation of the power supply and the mode of
operation (CV/CQC).

1.2.7 Parallel Operation

Up to six Z* Series power supplies of the same output voltage and current rating can be paralleled
in master-slave configuration with automatic current sharing to increase available power.

1.2.8 Output Connections

Output connections are made to rear panel Connector. Either the positive or negative terminal
may be grounded or the output may be floated. Models up to 650VDC rated output shall not float
outputs more than +/- 650VDC above/below chassis ground. Contact factory for assistance with
higher float voltage applications.

Local or remote sense may be used. In remote sense, the voltage drop on the load wires should
be minimized. Refer to the specifications for the maximum voltage drop value.

1.2.9 Cooling and Mechanical Construction

The Z* Series is cooled by an internal fan. At installation, care must be taken to allow free air flow
into the power supply via the front panel, and out of the power supply via the rear panel. The Z*
Series power supply is a compact and lightweight unit which allows for easy installation and gives
a space saving solution for customer applications.
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CAUTION:

Observe all torque guidelines within this manual. Over torque may damage unit or accessories.
Such damage is not covered under manufacturers warranty.

1.3 Accessories

1.3.1 General

Accessories are delivered with the power supply or separately upon ordering, The list below shows
the possible accessories and ordering numbers.

1.3.2 Serial Link Cable

Serial link cable, for linking power supplies by RS485 communication is provided with the power
supply.

Cable description: 0.5m length, shielded, RJ-45 type plugs, 8 contacts (P/N: GEN/RJ45).

1.3.3 Misc. Hardware

o Connector protection

o Connector housing 43025-1208(MOLEX)

o Connector housing 43645-0800(MOLEX)

o Connector housing 43645-0500(MOLEX)

o Contact pins P/N: 43030-0002(MOLEX)

1.3.4 AC Cables

AC cables are not provided with the power supply. If an AC cable is required, it should be ordered
according to the following:

Part no. Market Description

Z-U USA 13A 125V, non shielded, 2m typical length, with IEC60320-1, type C15
connector on one end and NEMA-5-15P type plug on the other end.

Z-E Europe 10A 250V, non shielded, 2m typical length, with IEC60320-1, type C15
connector on one end and IEC60884-1 type plug on the other end.

Z-J Japan 15A 125V, non shielded, 2m typical length, with IEC60320-1, type C15
connector on one end and Japan JIS C8303 type plug on the other end.

Z-C China 10A 250V, non shielded, 2m typical length, with IEC60320-1, type C15
connector on one end and China GB2099 or GB1002 type plug on the
other end.

Z-0 GENERAL 10A 250V, non shielded, 2m typical length, with IEC60320-1, type C15

connector on one end and non-terminated stripped wires on the other
end. Use the cable only with plug approved by the national safety
standards of the country of usage.

Z- ISRAEL 10A 250V, non shielded, 2m typical length, with IEC60320-1, type C15
connector on one end and Israel standard SI-32 Sl type plug on the
other end.

Cable identification: LIVE: Brown ; NEUTRAL: Blue ; EARTH: Green/Yellow.

1.3.5 Serial Port Cables

If a serial port cable is required, it should be ordered according to the description in section 7.2
* USB cables are not provided with the power supply.

17




TDK-Lambda

SPECIFICATIONS

CHAPTER 2

"PaYPIe| UOU 10 paydle| ‘3|qe1daas Jasn

uoda3o.d ainjesadwal 19AQ 9

"piod uojedjunwiwod Aq 4o ‘J7gyN3 [2ued Jeas Aq 4o uonng [ NdLNO Ag 10 dpow Jieysoyne ul 334231 Indul Dy Aq 1959y
9)qeyasaid Jasn ‘Buiwwesboid gan mojaq saob abeyjon indino Ajddns samod usym umop-inys inding

(dAN) uondajoid a6e}joA Jopun INdinQ °§

‘buiwwesboid Bojeue ur 1d3ye 10U S50 “HWI| MOJ3d INOA burisnfpe wouy s3uanald “1od uonedsiunwwod Jo [pued Juoly Aq 19said

(IAN) Hwi| 3beyjoa Jspun IndinQ &

LLL~S _ €5E~S _ 9/1~S A jyuiod duy abeyjoA- 19nQ €
Mod uofesiunwiLIe> — (dAO) uondazo.id abeyon-1anQ *
Aq 10 ‘37gY¥N3T |9ued Jeas Aq 1o uonng 1NdLNO Aq 10 apow Jeisoine Ui 3]pKda1 Indul Dy Ag 1959y "POYIDW UMOP INYS IMSAU| dAO) uon3y W 0t
"Hod uonediunwiwod Aq 4o ‘J7gyYN3 [oued seas Aq 1o uonng 1Nd.LNO Ag 40 dpow Jieisoine ul 3dKa1 Indul Dy Aq 1959y K
. . uold3j01d ydegp|O4 °|
9)qe1asaid Jasn ‘AD 01 DD 40 DD 03 AD wody apow abueyd Ajddns seamod uaym umop-inys 3ndinQ
7€0-059 [ §9°0-02€ | £1-09L z SNOLLONNA IAILIILOYd
*uo Jamod BUIMO||0} SBINUIW OE JOAO0 JULIND INdINO PaIeI JO % 0-/+ U] S5a7 Yup dn-wep £
"21njesadwia) 1 peo| ‘aul| Jueisuo) ‘dn-uwiiem sanuiw Og BUIMO||0) [eAISIUL 'SIYG JOAO INO| PalLl JO %S00 Au)iges ainjesadwa) |9
“dn-wiem saynuiw o buimojoy JuaLind Indino pajes woly J,/WddooL | Do./Wdd JU31D1§303 ainjesadwa) °g
50 | 80 | 4 yw (r1x) (TLe) ZHWL~ZHG SWri3iddy
"9bueyd peo| buimo||o saINUIW Q€ JOA0 JudLIND INdIN0 Palel JO %G00 UeY) SSa] 1P [BWIBY} UoleNbaI peo ¢
1ua1in2 3ndIN0 Pa1el JO %S 10 [ 3ua1ind 3ndIN0 Pa1el JO %600 (1 L) uone|nbai peo xey ‘¢
1ua1Ind Indino pajel Jo %700 (95) uoneNBaI duUIT Xe “|
7€0-059 [ §90-0Z€ | £1-091 z JAOW LNIHYND INVLSNOD
"leo1dA] 5aswig| _ "leoidA] 5aswi9| (61x) @wirdn-pjoH ‘L
‘SWiZ uey) ssa
95US [BI07T ‘%00 L~0 L :Iu10d-13s IndinQ sw Qwir} asuodsai Jualsuel “| |

“JUa1IN3 INdIN0 Pa3es JO 9%06~01 SBUBYD Peo| e 1oy INdIN0 P33Rl S} JO %GO UIYHM J9A0I3I 0} 96O INdINO 10 S|

£ 5¢ ¢ S (01,) peoj ON 2wy asuodsal ‘boid-umoq ‘0L
04T 04T 08l Swi (6x) PeOJ |IN4

0/L 0/1 oLL Sw (6:)XeWOA~( 2wy 3suodsay ‘6o1d-dn '6

g g g A mL_B\co_«mm:maEOU 9SUDS 910W”Y ‘g

‘uo Joamod BuIMO||0} S3INUIW O 19A0 dHe}oA INdINO P33R JO 96500 UBY) SS3 - yup dn-wuep £

"dwia} 1 peoj ‘aul| Juelsuo) ‘dn-wiem sa3nulW O BUIMO||0) [BAIIUL 'SIUG JSAO INOA PIYeI JO %Z0°0 Ayjiqels ainjesadwa] ‘9

“dn-wem sainuiw og buimoy|oy ‘abeyjon andino pajes woly J,/INddOE | Do/Wdd JUBID1Y90D dunjesadwia] °g

09 [ ST [ oL AW (1) ZHWL~ZHS 'S'wiajddiy ¢

0SC | 0SL | 00l AW (7L+) (ZHWOT 'd-d) asiou pue 3|dd1y "¢

9be}joA Indino pajel Jo %100 - (£5) uone|nbai peo xep ‘¢

abeyjoA Indino pajes Jo %100 (94) uonenbal aur Xe ‘|

7€0-059 [ 59°0-0¢€ | €1-091 z 3JAOW IDYLT0A LNVLSNOD

80C 80C 807 M Jamod Indino parey ‘¢

€0 <90 €l v (z) a1 Indino pajey

059 0ze 091 A (1+)2be3j0A Indno pajey |

7£0-059 S9°0-0C€ €1-091 V4 73aow

suonedyads salds ‘A'H 00Z+Z L°T

18




TDK-Lambda

9[B35 [N} JO %C 100 -

UOMIN|0S31 32eqpeal N0 '8

(835 ][N} JO %100 -

UOIIN|0Sa1 32eqPEa] INOA “/

JU311N IndIN0 P33Rl JO %€ 0+ [BNIDR JO %10 -

(€1, AorIndde Ypeqpeal Ino| ‘9

26e310A IdIN0 Pa3eI JO %S50°0 + [BNIIE JO %500 -

K>eINdde YoRqPR3I INOA 'S

(835N} JO %C10°0 -

uonn|osai buiwweiboid no|

9835 [N} JO %Z 100 -

uoln|osal bujwweiboid Jnop ‘€

U113 3NdIN0 Pa3el JO %70 -

(€15) A>eindde buiwwelboid no| ¢

56e3(0A IndIN0 P33Rl JO %5070 + |8NIR JO %S00

Aoeandoe buiwiwesboisd 3nop *|

(NV1(£L%)3331

‘leuo

11d0 ‘dSN‘S8Y/TETSY) YDVYAAYIH ANY DNIWWYHOOUd

1NdL1NO ‘W3Y "LO¥d ‘AI4d ‘NNI ‘INIH -

suojng uondund

“(11v4 DV ‘d104 410 dAN dAO) LOYd ‘a31 a3y -

2D ‘AD “LNA.LNO ‘W3Y 'LOYd ‘ATdd ‘NNIW ‘3INI4 *S3TNIHD -

suonedIpu| °g

"JUN0> | -/+3Ua1nd INdIN0 pajel Jo %S0 :Adeindde ‘subIp ¢ :no| -

JUNod |-/+368310A INdIN0 P33kl JO %S0 :AdeINdde ‘SHBIP {7 :INOA -

Aeydsia -z

3207 [9ued 3uol4 440/NO INAINO ‘A0 L/AS BULIOHUO JU1IND /268 0A JO UOIIIF|IS - SUOIdUNS [0I3U0D) Hojeuy -

Butwwelboid Y0 1/MS ‘AOL/AS ‘Butwweiboid aalsisa1/abel|oA UoIID3IS - SUoIdUNS |013U0) Hojeuy -

SS2IPPY ‘91eY pneg JO U033 - SUOdUNH UOKEIUNWIWOD) -

9SN'S8YSH'TETSY (£ 1+) 333I'NVT JO UOIIB|SS - SUOKOUNS UOKEIIUNWWO) -

0S "LNI'dD0 *2BqP|04 dAN"IAN dAO - SUOdUNH UORD3101d -

suolpunj jouo) 'L

1snfpe [enuew 4AN/1AN/dAO N

1sn(pe [enuew 3noj/ANop -

s15p0du3 Z yym suondo sjdnnpy -

TINVd LNOY4

(19uaz ALz Aq PRIUNYS) "YWOQ | JUSLIND SUIS WNWIXeW'AGZ 96e} oA Wwinwixew 10333]|0d uado -

Z |eubis pawweibold ‘gL

(13Uaz AZZ K9 paunys) "ywWoQ | 3Ua4ind UIS WNWIXeWAGZ 9be}OA WnWIXew 10333[100 uadQ =

| |eubis pawweiboid /|

‘wnwixew sH | = §1/1] ‘wnwiuiw sio L= M3 1966113 ‘96pa aaisod
YWQ [ = JULIND YUIS wWnWwixely ‘AG= Indul [9A3] yb1y wnwixelp ‘AS €= Indul [9A3] ybiy wnwiuiy ‘Az’ L= Indul [9A3] MO| WNWIXeR

ur 42661191

"led1dA] sripz= as|nd ‘Ywg | = Jua1iNd 32IN0S WNWIXE
‘AG=1Ind1no [9A9] ybIy winwixepy ‘Ag €= INdINo [9A3] YOIy Wnwiul ‘Ag'0= INAINO [9AS] MO| WINWIXE|

N0 436611°G|

“("Xew AQE) [e207-H0 “9I0WdY-("Xew JUSLIND JUIS YWQ | ‘A9'0~0) UQ “(19udz A9 Aq paunys) 10329]j0> uadQ --

101eJIpU| SPOW }0WY/[BI0T |

1e207 :uado 10 AG |~ ‘D}0WY :HOYsS 10 A9'0~0 :1oys/uadQ 1o [eubis |ed11329]9 A -

|0J3UCD) SPOW D}0WSY/[B20T € |

“[oued juosy Aq pajeAne si siq/eud (YW 0 UBYY SS3| JUaLIND 32105 O :uadQ ‘UQ :10ys) 12e3u0d AIp Aq Indino S4 ayy sajqesia/sajqeud -

[013U0> (371) 20[1a3U[ Z |

VWO :JUSLND YUIS WNWIXeW ‘AQE 96} OA WnWIXe “HO PPOW AD UQ :Dpow I 1039]|0> uadQ -

1031ed1pul 33/AD°LL

"PUNOJB SISSByD WOl XewW HAA0SY (SOPOIP [BUISIXS YHM) SHUN [BIUSPI ¢ =

uonelado salas 01

‘UOI1>9uUU0d Bdueleq Jua4ind allm m_m:_m YlIM SpOoW 9AR|S/I9)sew Ul s}iun g 0} dn '3|q1ssod -

(84) uonesado |9||eied ‘6

"92UP)SISAI SIS WYO00S °|!B4-A0 WO-AS~P -

|eubis O A|ddns Jamod ‘g

"9 L-/+ :AoBINJDY "3]qeII3|3S 435N ‘AQ L~0 410 AS~0 -

J1031UoW 3be} oA INdINO "/

"0 L-/+ :AoeINddY "9|qe1d9|9s Jasn ‘AQL~0 10 AG~0 -

(€15) J03uow udLNd> IndiINQ ‘9

3160 9]q2323]3S 135N 1RO KIP 10 AS [ ~17/A9'0~0 :9PBIOA [BD1Id33 Ag =

103U03 (0S) HOINYS 'S

“JNO| a3l JO %S |-/+ :A11eaul] pue A5eInddy "3|qe1da|as JasN 9[eds [|nj WYoY0L/S~0 %00 L~0 =

(€£15) Pulwweiboid 103sisal IN0O|

“JNOA P33e1 JO 9 |-/+ :A3IeaUl| pue AJeINddY "9|qeId3|9S J3SN '9[eds ||Ny WYoN0L/S~0 ‘%00 L~0 -

Buiwwelbold 10351521 INOA “€

“JN0| Pa3eJ JO % |-/+ :A3Ieaul] pue Aoeinddy 2]qe3da|as 19sn ‘A0 L~0 10 AS~0 ‘%00 L~0 -

(€1) Pulwwesboid abeyonno| 'z

“JNOA PaJel JO 065°0-/+ :A1Ieaul| pue A3einddy "3|e1da[as 4asn ‘AQL~0 10 AG~0 %00 L~0 -

Buiwweiboid abeyjon InoA “|

ONIHOLINOW ANV DNIWWVYYO0dd DOTYNY

19




TDK-Lambda

£T-7-8900923| :03 BUIP102dY "paxdedun sIIUN "SWL L ‘3UlS ey 'DOT UeY} S537 A20YS°§
¥9--890093| :03 buIpI02>Y Rl 4
.652&5 aUIINQ 01 JajaY) ﬁ ...Mw_v:m; ‘m‘__mo_ snq buipn|>xa) 05€ o ‘mo_ W\S“mm _._ ww AQO9 3AIM (QXHXM) SUOISUBWI] €
(Buimesp auinQ 03 J3jay) *(**"sa|puey ‘sieq snq BuIpnPXa) 05 :Q ‘0L M 'E8H| Wi QYYANVYLS
'333| Jo 3s0d buipuig 1o Hojeue pajejos| yum Apoq apip "By ueys ssa [ AQOg 3AIM WM Z
Byl6"L ueyy ssa [ QYYANVYLS )
"uey [eusd)ul Aq buljood Jie padio4 Buijooy |
TVDINYHOIW
V-1DDA V-1 Hed D)4 'Y - uoiRedoT [erasnpul L-9Z€ LONI/DII UoIss|Wwa pajelpey 9
g-1DDA "g-51 1ed DD ’g - uoned0T [elisnpul L-9Z€ LONI/DAI UOISSIWS Pa}onpuo) °g
"HY%0Z “J,GC 18 WYONOOL UeY) 310 9due)sisal uole|nsu|
“UIWL/DJALOL PUn0ID-DOTYNY ALY 10SI/333I/NYT'aSNbrer
“UIL/DAAZYTY DOTYNY G31V10SI/3331/NY TSN br'er-mnduj
UIWL/DAARYZE: DOTYNY AI1V10SI/33II/NY TSNP Er -2 Lrginding ‘uiw 1 /DAA08.T :punoin-Zr L rginding
“UlW L /DAASZ8T :punoID-Indul fuiw L/ DAAFOLE “2f’LrgIndinQ-induy (apow A0S9 abeyjon pueisyim ‘€
“UIWL/DAALOL :pUnoID-DOTYNY @31V 10SI/33II/NY TSN Yl UIw L/DAATYTY :DOTYNY AILYT10SI/IF/NYT'aSN'prer-indu
“UIWL/2AA00ZE: DOTYNY AI1VT0SI/3FAI/NY TSNP Er -2 Lrginding ‘uiw 1 /2AA000T :punoin-r L reinding
“ulw L /DAA8Z8T :punoID-Indul luiw | /DAA0L6ET 2 LrgIndinQ-ndu :sppow AQZESINOASQ9 L
snopiezeH aie HOTYNY G3LY10SI/3331 ‘N1 °8SN " “€r ‘2r 'Lf IndinQ :papunoib Indino+ ‘A00K<INoA
snopiezeH UON /e DOTYNY A31v1051/3331 ‘N1 'dSN br €r 'snopiezey aie gf ‘L ‘indinQ :papunoib indino+ ‘A00YSINOA Uo[3ed1jISse|d 95e4a3u|'g
snop.ezeH UON a.e DOTYNY A31v10S1/3331 'NV1'aSN vr €r ‘snopiezey aie zr ‘L[ ‘IndinQ :buneoy inding
L-9ZELONI/D3I (81x) D3
snop.ezeH UON aJe Ny1' Bojeuy @31v10S1/3331 ‘ASN'P'Er "snopiezeH a1e Z('LrdinQ :A0S9SINOASA0IL fiopes ‘spiepue)s 3jqedyjddy °|
"1-0LOL9NI ‘L-0LOL9'ON Z'ZZ¥SD ‘L-0L0L9T1N “1-0L0L9D3
JW3/A134VS
,0% 21njesadwa) Juaiquiy wWOEOE 03 dn wEOOZ Woi4 ‘21njesadwa) Juaiquie wnwixey :bunessdo SonNY -
‘wpOOZ dA0qe dwi) Jualquie 3)eldd "WOQOE WNWIXe PMAIY 'S
‘(uo11eSUSPUOD OU) HY %S6~01L % Aupiwny abeiols 't
“(Uo1esUSPUOd OU) HY %06~0C % Apiwny bunerado e
2.98~0C- - 2injesadwa) abeiols 'z
'PeO| %001 "J,05~0 ainjesadwa} bunessdo 'y
SNOILIANOD TYLNIWNOYHIANT
VST ueyy ssa (Sx) DYAO0T/001 JuSNDd ysniu|°g
18/6. | 18/64 | 18/64 % (S L) (7+) DYA00Z/001 (dAL) Aouspus %
peo| %00 L 2BAO0T 38 86'0< DBAO0L 18 66'0< (dAL) 103084 J1aMOd '€
0€'L/¥9T _ 0€'L/¥9T _ 0€'L/¥9CT (SL+) (7x) DYA0O0Z/001 3ua1nd IndU| WnWixe| 7
aseyd a|buls ZHE9~/{ ‘SNONUIUOD JBAG9Z~G8 - (€4) ‘baiy/ebeyon ndu) |
C€0-059 _ 59°0-0C€ _ €1-091 z SOILSIYILOVHVHD LNdNI

20




TDK-Lambda

we ueyy ss97:yi1bus| sajged adeysul spod [013u0d pue [eubis :g| .
.51 S1 3331 Buisn oy aunjessadwial JusIquie Xe I/ |
1amod Ind1no pajes 1y 9|
055" Ag Ju14nd Indul saseaIdU] pue 96| Ag AdUBID1Ya Sasealdap uondo Hojeue paie|os| YIm Sd

"055°0 Ag JUa.1IND Indul 9SBAIDUI PUR 9450 AQ ADUSIDIYS 9SEDIDIP S|9POW ‘J3J| ‘UBT YUM Sd Gy
9qo4d [0 YM PaINSeIN s
"YUp [ewlay} uolenbal peo pue dn-wiem ayi apnjdul Jou op Adeindde bulioyiuow pue ydeqpeas ‘Buiwwelfoid Jua1InND JURISUOD) BYL €L«
‘Jua.ind Indino pajes pue abey oA Indino paies JO %00 L~0L 38 painseaw st dddiy ;71
"9be}joA Indul Juelsuod ‘bBuiies abeyjoA 1un ay3 03 [enba ‘abueyd abey|oA peo| 404 | |,
"abe3j0A INdINQO Parey JO %01 03 %06 WOIH 0Ly
‘peO| 3A1ISISaI pajel Yim ‘Sbeljop IndinQ paley JO %01 03 %06 10 %06 01 %0 L WO 6y

‘paJinbau si 3ua.14nd IndINo |10} JO %07 ‘SHUN {7 UeY) 10w uolesado |9)esed 104
‘paJinbau s1 3ua.14nd IndINO |B10} JO %G ‘sHun 0} dn uonesado |9)jeed o4 :g,
"95U3S dj0owWaY Ul Julod Buisuas 9yl e painses|y ‘9be} oA Indul JueISUOD ‘PeOT-||NH O} PROT-ON WOIS i/,
"Peo| JUBISUOD IYASIT~0LL 10 DBATEL~S8 IV 9
D,5=P] 1IE]S P|0D 1B D9SWIZ'Q UBY] SS9| “JUSLIND ysnaul 4331 [NF Bulpnjpul JON Sy
Jamod Indino pajes Yum ), G7=e]
*(ZH09/0S) 2BAOYTZ-001 Se PaqLIDSIp 39 0} ‘paiinbai si (***213 “DJ| “TN) SpIepuels A194es SNOLIBA 0} 9DUBWIOJUOD SI9YM SISED 104 i€,
"JUS.11Nd INdINO P3)LI JO 9% Z°0 WNWIXeW 0] PI3uUeIenDd S| JUSLND WNWIUIN Ty
‘9beyjoA IndINo pajel JO 9 "0 WnWixew 0} pasjuelenb s aHeIOA WNWIUIA |«
‘S3ION

21




TDK-Lambda

Payd3e| UOU 10 payd3eT -3|qeidaas 1asn

uodajold ainjesadwal 19AQ 9

"Ji0d uonedunwiwod Aq 10 ‘J1gyN3 [pued Jeas Aq 1o uonng | Nd.LNO Aq 40 apow Jieysolne ul 324331 Indul Dy Aq 1959y
*31qeyasaid Jasn “Buiwwesboid gan mojaq saob abeljoa Indino A|ddns samod usym umop-inys indino

(dAN) uondajoud abeyjon Japun ndinQ '

"PaYd3e| UOU 10 Payd3e| '3|qeidaas 1as

uo(3d3304d ainjesadway JOAQ ‘9

‘Ji0d uonedunwiwod Aq 10 ‘J1gyN3 [pued Jeas Aq 1o uonng | Nd.LNO Aq 10 apow Jieysolne ul 324231 Indul Dy Aq 1959y
*31qeyesaud Jasn “Buiwesboid gan mojaqg saob abeljoa indino A|ddns samod usym umop-inys inding

(dAN) uonda30id abeyjoA Japun IndinQ °g

"Bujwwelboid Bojeue ul39aye Jou S0 “HWI| MO|3q INOA Bunsnipe woiy s3uanaid 1od uonediunwwod 1o [aued Juoiy Aq 19said

(TAN) 3w 3beyjoA 1spun Inding

L1L~G [ £5€~G | 9/1~§ A yuiod duy aBeyjoa- JanQ '€
"Hod uoieduNwwod .
£q 10 ‘31g¥N3 |oued Jeas Aq 10 uonng 1 Nd1NO Aqg 10 apow Heysolne Ui 3|d£3a1 Indul Dy AQ 1953y "POYISW UMOP INYS JSLISAU| (dAO) uon2@101d 3Be3j0r-1200 T
"Ji0d uopedunwiwod Aq 4o ‘JgyN3 [dued Jeas Aq 4o uonng 1 Nd.LNO Ag 40 dpow yieysoine ul 324231 Indul Dy Aq 1959y .

91qeyesaid Jasn A 01 DD 10 DD 01 AD wiouy dpow dbueyd Ajddns samod usym umop-inys indinQ - uona310.d xoeqplo3 |

¥9'0-059 [ £1-0c€ | 97091 z SNOLLONNH JAILIILOYd

*uo Jamod BUIMO||04 SSINUIW O JAO JUSLIND INAINO P33R JO % |'0-/+ URY} S5 Bup dn-wiep '/

‘2injesadwa) ;g peo| ‘sul| Jueisuo) ‘dn-wiem saInuI O BUIMO||0) [AISIUL 'SIYG J9AO INO| Palel JO 9%S50°0 -— Ayjiqeys ainjesadwa) 9

‘dn-wiiem saynuiw o€ buimojoy qua.ind ndino pajes woly J./INddo0L | Jo/Wdd JU31D1§90D aInjesadwa] °g

90 [ L [ Sl yw (FLs) (TLs) ZHWL~ZHS 'SWI3ddIY b

‘9bueyd peo| buIMO||0f SaINUIW (€ JAA0 JULIND INAINO Pajel JO %50°0 UeY) SSo] - 1P [BWIBY} UoIe|NbBaI peoT *¢

1U311nd INdIN0 Pa3ed JO %600 (L 1) uonenbal peoq Xe| ¢

1ua.1iNd Indino pajel Jo %700 --- (94) uonenbal aur Xe 'L

¥9'0-059 [ €1-02€ | 97-091 z JAOW LNIHHNI LNVISNOD

“[e21dAL 2a5WiS | [ ‘[e21dAL 535w | (61) dwn dn-pjoH "z |

. "SWiz ueyy mm.m._ "95UIS [8207 ‘%001 ~01 :3u10d-33s IndinQ s B

Jua.1nd Jndino pajel Jo 9%06~0 L dbueYd peo| e 1oj INdIN0 Pajel S JO %" UIYIM I9A0DI 0} 36e}|0A IndINo 1oy dwil|

€ 5T 4 5 (01) peoj oN _ :awiy asuodsas ‘boid-umoq 01
051 051 00l Sw | (6« Peoy lInd |

051 051 08 Sw (6+)xewoA~0 Swi} asuodsay “6oid-dn 6

[ [ S A 211m/uonesusdwod suas JoWay g

*uo Jamod BuIMO||0} SBINUIW O JIA0 6.}|0A INdINO P33R JO %G00 UBY} SS3T Bup dn-wiep '/

.QEwu B peo| ‘wc__ jueisuo) ‘dn-wem salnulw 0¢ mC_>>O__Ou— |eAJa1ul *SIYg ISA0 INOA pPajel JO %00 - J§ gels w:;m‘_wn_.tw._. ‘9

“dNn-WIem saInuiW O buimo|joy ‘2be3|oA Indino pajel Wwoly J,/IWddOE | Do/Wdd JUSD1J20D a1njesadws] °§

09 [ 4 [ oL AW (FLs) ZHWL~ZHS 'Swiaddiy 't

0ST | 051 | 001 AW (¥L+) (zHWOT 'd-d) siou pue djddiy "¢

26e}(0A IndIN0 Pa3el JO %100 (£x) UoizeINB3I peOT "XBN T

abeyjon Indno pajel Jo %100 -—- (95) UoIRRINBAI BUIT X “|

+9°0-099 _ €'1-0C€ _ 9C-091 Z JAOW IDVITOA LNVISNOD

9y oly 9Ly M 1amod 1ndino pajey ‘¢

¥9'0 €l 9T \4 (2+) JudNd Indino pajey ¢

059 0z€ 091 A (1x)3be3j0A IndIN0 pajey 'L

9'0-059 €'1-0C€ 9C-091 Z 13A0OW

suones>y1>ads sads *A'H 001,Z Z°C

22




TDK-Lambda

91835 [|N} JO %T 100

UOI3N|0Sal 3pegPEal IN0| '8

(835 ||N} JO %TL00

UOIIN|OS3J 3DBqPES] INOA L

JUa11nd IndIN0 pa3el JO %E O+ [eNID. JO %10

(€1%) AoeINdDE YdEqPE3IINO| ‘9

56e3|0A INdIN0 P3RI JO 9550°0 + [BNIDE JO %S00

ASeInd>e Yoegpeal INOA S

9[€35 |INJ JO %100

uonjosal buiwweiboid 3noj 4

9[835 [|N} JO %T 100

uonnjosal buiwweiboid 1nop €

JU311n3 IndIN0 pa3el JO %70

(€1y) A>eaNddE BujWwelboid Ino| 7

9beyjoA IndINo Pajel JO 9500 + [ENIIE JO %500

Aoeindoe bujwwesboid Inop “|

(NV1(£L)333) :euo!

1ndo ‘asn’s8Y/7€7SY) ¥D¥4aAvId ANY DNINWVHDOUd

1Nd1NO ‘W3Y 'LO¥d ‘AFdd NNIW ‘INIH

SUORNQ uondUNS

"(1v4 DV ‘0104 .10 dAN dAO) LOHd ‘a31 a3y

12 AD "LNdLNO ‘W3Y 'LO¥d ‘AFdd ‘NI ‘INIH :5a3TNITHD

suonedIpu| °¢

“JUnod | -/+3ua1nd INdINo pajes Jo %60 :Adeindde ‘subip ¢ :noj

JUN0> |-/+36€}|0A INdIN0 Pael JO %60 :Adeindde 'subIp { :INOA

AKeydsia 'z

Y207 |9ued 3U0i4 440/NO INdINO ‘A0 L/AS BuLIONUO JUd1IN)/36B}OA JO UOIIIRIIS - SUOIIdUNS [043U0D) bojeuy

butwweiboid 30 1/)S ‘A0 L/AS ‘Buiwwesboid aA3sIsa1/abe3|0A UOIIID|SS - SUOIIdUN [043U0D) Bojeuy

SS2IPPY ‘93eY pneg JO U0IID[3S - SUOIIdUNS UOKEDIUNWIWOD)

4SN'S8YSH'TETSH '(07+) I33I'NVT O UORII|RS - suoidUNS UoKRIIUNWWO)

suolpunyjonuo) |

0S "LNI 'dJ0 “2qP|04 dAN “IAN dAO - SUOHdUNS UOND3101d

1snipe [enuew gAn/ IAN/dAO

1snfpe [enuew 3no|/3NoA

s13podu3 ¢ yum suondo o diny

TINVd LNOYHd

(13uaz ALz A9 PRIUNYS) "YWOQ | JUSHIND SUIS WNWIXew ‘AGZ 96e} oA wnwixew 10333]|0d uadQ

Z |eubis pawwelboid ‘g

(19uaz ALz AQ PAIUNYS) "YWOO | FUS1IND YUIS WNWIXew ‘AGz 9be} oA wnwixew 1033302 uadQ

| |eubis pawweibold /|

‘wnwixew st | = 4] /1] ‘wnwiuiw srig L= my 119661 ‘9bpa
dAINSOd ‘YW L= JuaLINnd yuls wnwixel ‘A= Indul [9A9] ybiy winwixe ‘Ag €= indul [9A9] ybiy wnwiuly ‘Az’ L= 3ndul [9A3] MO| WNWIXe|

U 4196611°9|

"lea1dA] srpz= as|nd ‘YW | = Jua1ind 32N0S WNWIXE|
‘AG=Ind1IN0 [9A3] Y1y WinWiXey ‘Ag €= INdIN0 [9A3] YbIy wnwiul ‘Ag'0= INAINO [9A3] MO| WNWIXEA

N0 13661 'S |

‘("Xew AQ€) [e207-HO "910WdY-(’Xew JUSLINI JUIS YWQ L ‘A9'0~0) UQ ‘(19usz A9€ Aq paiunys) 10333]|0d uadQ

103e31pU| SPOW 230WaY/[e30T |

18307 :U3d0 10 AG L~ "@30W3Y HOYS IO A9'0~0 :1OYS/uad(Q 10 [eubis [ed113033 Ag

|013UOD PO 3}0WY/|ed07 '€ |

"|laued juoiy Aq pajeande si sig/eus ‘(Yws 0 UBY) SS3] :UaLInd 92In0S ‘YO :uadQ uQ :1oys) 12e3u0d Kip g indino s4 ay3 sajqesiq/sajqeus

1013U0D (D) Y2013 7L

YWQ | 3USIIND 3UIS WNWIXBW ‘AQE :9PB}OA WNWIXBN HO :9POW AD 'UQ :2poW ) 10323]|0d uadQ

J03esipul 33/AD "L L

“pUN0IB SISSEYD WOly Xew DAA0S9 ‘(SOPOIP [BUIDIXS YHM) SHUN [BDRUSPI 7

uonesado sauas 0L

“UOI3129UU0d dduejeq Juaiind AlIMm w_mc_m YUM Spow 9Ae|S/I9)sew Ul s}iun g 0} dn '31q1ss0d

(8%) uonesado [9||eied ‘6

"9UR}SISAU S3UBS WYO0OS “1B4-A0 MO-AS~F

Jeubis YO A|ddns Jamod '8

*0 L-/+ :AoBINDDY "3|qRI3|3S J3sN ‘AQL~0 10 AS~0

J10HuowW abeyoA Inding *Z

“0% L-/+ -ADBINDDY "3]qBII3[3S 435N ‘AQ L ~0 10 AG~0

(€15) 103uow uauNnd Inding ‘9

160] 9]qe303|35 135N 1283U0D AIP 10 AG L ~1/A9'0~0 :9DBHOA [BD11323]3 Ag

103U03 (0S) HOINYS'S

"JN0J PaIEJ JO %G L-/+ :A1lieaul| pue Aeinddy "3qe1d3]as Jasn ‘B[eds [Ny WyoN0L/S~0 ‘%00L~0

(€1) Bbulwweiboid 10351531 3N0|

“INOA P33BI JO 9 L-/+ :AHIBSUI| puB ADBINDDY "3|qe3D3|3S J3Sh '5[eds ([N W00 1/S~0 %00 L~0

Buiwwelboid 10351591 INOA '€

INO| pajel JO % L-/+ :ﬁ_\_mwc__ pue \Aum\_zuu< '9]¢e123|3S J3sn ‘A0 L~0 10 AS~0 ‘%00L~0

(€1y) Pulwweiboid abeyjoa no| 'z

‘INOA pajed JO 9%G0-/+ :ﬁ:mwc__ pue >um:‘_uu< *9]0e123|3s 48sn ‘A0 L~0 10 AS~0 ‘%00L~0

Bujwweiboid abeyjon Inop |

ONIHOLINOW ANV ONININVHYO0Hd DOTYNY

23




TDK-Lambda

£7-2-89009D3| :03 Buip1023y "paydedun sijun "SW | ‘duls jjey ‘Doz ueyissay| - RERTNS
¥9-C-890093| :03 BuIpI02dY uofjeIqiA‘y
‘(buimeip auipno 01 1ajay) °(***s3|pueY 'sieq SN BUIPNIX3) 0E :Q 'SOL M 'EB:H| Wil AQOSIAM[ o < orsuawig ¢
(Buimelp auIINQ 0} J943Y) (***s3|pUeY ‘s1eq SNq BuIpN|X?) 0SE :A ‘0L M 'E8H | W Q4VANVLS
'333) 10 350d Buipuig 1o bojeue paje|os| yum Apoq apim ‘Byy'z ueya ssa Byl AQO4 3dIM WM 'z
Byl6"L ueyy ssa [ QYVYANVYLS )
‘uey |eusdyul Aq buij0od Jie padio4 Buij0od ‘|
TVIINVHDIW
V-1DDA'V-§1 Hed DD4 'Y - uoiedo [euisnpul L-9Z€ LINI/D3I Uolssiwa pajeipey '9
g-1DDA "g-61 1ed DD ’g - uoned0T [eH3snpul L-9Z€ LONI/DAI UOISSIWD paldnpuo) g
"HY%0/ “J,5C 18 WYOOO0L UeY) 310 9dUE)SIsal uolensu|
“UiwL/DJALOL PUn0ID-DOTYNY AILYT0SI/AIAI/NYTESN'PIIer
Ul /DAAZYTY DOTYNY G31V10SI/3331/NY TSN b er-mndul
uIwL/DaAbYTy: DOTYNY A3LY10S1/333/NYT'aSN'Prer -2 Lrsinding ‘uiw 1 /DAA08.Z :punoin-gLrginding
“UIW 1 /DAASZ8T :PUN0ID-INdU| ‘UIW 1/ DAAVOLE 7 LFRINAINO-Indu] {[9poWw A0SO | - abeyjon pueisyum '€
“UIWL/DAALOL :pUnoID-DOTYNY GILYT0SI/3FII/NY TSN PI '€l UIw L/DAATYTY 2DOTYNY GILYT0SI/IFN/NYT'aSN'prer-indu
‘uIwL/2aA00ZE: DOTYNY A3LY10SI/333/NYT'aSN'Pr'er -2 Lrginding ‘uiw 1 />AA000€ :punoin-gr L reinding
“Ulw L /DAA8Z8T :punoID-Indul {uiw L /DAA0L6EZ 2L rgIndinQ-indu :s|ppow AQZESINOASQ9 L
snopiezeH aie DOTYNY A3L1VY1051/3331 ‘N1 °8SN v “€r “2r 'Lr ndinQ ;papunoib Indino+ ‘A00K<InoA
snopiezeH UON 3ie DOTYNY G3LY1051/3331 ‘N1 °8SN “br ‘€r ‘snopaezey ae 7 ‘L ‘indinQ :papunoib Indino+ A00FSINOA UOIRDISSED 3DRYIRYUIT
snopiezeH UON /e DOTYNY A31v10SI/333I 'NV1°9SN br “€r 'snopiezey aie zr ‘L[ inding :buneoyy Inding
L-9Z€19N3/D3| (8Lx) D3
snop.ezeH uoN a.e Ny bojeuy G31v10S1/3331 ‘gSN'pr'er “snopiezey a1e Zr'LrINdINO AOSOSINOASA09L | fges ispiepuess 3|qedyddy 'L
‘1-0L0L9N3 ‘L-0LOL9'ON Z'ZZVSD ‘1-0L0L9TN L-0L0L9D3l
JW3/AL34YS
"),0% 4njesadwia) ualquy WEOE 03 dn WOz Wold ‘ainjesadwa) Jusiquie wnwixely :bunesado DMy
‘wO0Z dA0ge dwia) Juslquie 3eld "WOOE WNWIXe| PMAIY 'S
*(UoneSUIPUOD OU) HY %S6~01 % Kupiwny abelois
‘(uo1jeSUSPUOD OU) HY %06~0T % Kupiwny bunessdo ‘¢
2,58~0C- ainyesadwa) abeiols 7
"PeO| %001 :05~0 ainjesadwiay buieradQ |
SNOILIANOD TYLNIWNOYHIANI
VST ey} ssa] (Sx) DVAO0Z/001 3ud.41nd ysniu| °g
98/¥8 [ 98/%8 [ 98/%8 % (S L«) (<) DVA00Z/001 (dAL) Aouspiya ¥
Pe0] %001BA00Z/001 1€ 66°0 (dAL) 1030B4 Jamod '€
Yre/s | vr'T/s | vr'T/S (SL+) (¥+) DVA00Z/00 L 3ua4ind Indu| WnWiXe g
aseyd a|buIs ‘ZHE9~/{ 'SNONUIUOD DBAGIZ~G8 (€4) "basy/abeyjonnduy |
¥90-059 [ €1-07€ [ 97091 z SDILSI¥ILOVHYHI LNdNI

24




TDK-Lambda

we ueyy ssa7 :yrbus| sa|qed aoeyua1ul sy0d |043U0d pue [eubis 8|,
oG S1' 333| Buisn Joj aanjesadwia) JuUSIquIR "X i/ L«
“1amod Indino pajes 1y 19|
"0552°0 Ag 3ua.4ND Indul saseaIdUl pue 9%6/°0 Aq Adualdiye saseasdap uondo Hojeue pare|os| Yum Sd

"055Z°0 Ag 3UD.1IND INdUl 3SBAIDUL PUB %570 AQ ADUIIDIYD 9SBIIDIP S|DPOW ‘J3T| ‘URT YUM Sd Gl
9q04d |:01 YHUM PRINSEI ity
"YUpP [ewiay} uolenbal peo pue dn-wiem syl apN|dul Jou op Adeindde Hulioluow pue ydeqpeas ‘Buiwwelboid Jua1inD JURISUOD) YL €y
Jua.ind Indino pajes pue abeyjoA Indino paies JO 900 L~0L 38 painseaw s a|ddiy :Z 1y
‘9be}j0A Indul Juelsuod ‘Buires abeyjoA 1un ay3 0} [enba ‘abueyd abey|oA peo| 4o | |,
9be}jo INdINQ paiey JO %01 03 %06 WOI4 0L«
‘peo| 9A1ISISI Palel YyUm ‘96e3joA IndInQ paiey JO %01 01 %06 40 %06 03 %0 L WOIS 6y

‘paJinbaJ si 3ua.ind 1ndiNo |10} JO 90T ‘SHUN { UeY} 210w uoliesado |3jjesed Jo4
‘palinbau s 3ua.14nd IndINO |L10} JO %6 ‘sHuN 0} dn uonesado |9)jeed o4 :g,
'95UDS 10WY Ul Julod BuIsus ay) 18 painsedy 9beljoA Indul Jueisuod ‘peo-||n4 03 PROT-ON WO i/,
"PeO| JUBISUOD "DYAGIZ~0LL 40 DBAZE L~G8 IV Oy
D,GZ=8] MBS P01 1B D9SWIZ'Q URY) S| “JULIND Ysnaul I3l [T Buipn|pul JON :Gy
amod Indino pajes Yum D,5z7=eJ ity
*(ZH09/0S) 2eAOYZ-001 Se pPaquIdsap o 03 ‘palinbai si (***219 ‘D3| “1N) spiepuels A19)es SNOLIBA 01 9DUBWIOJUOD IDYM SISED IO i€,
"Jua.4nd INdINO Pa3el JO %Z'0 WNWIXeW 0} PadiueIend S JUaLINd WNWIUIN Ty
9be)|0A INdIN0 Pajel JO 9% |0 WnWIXew 0} pasiuelenb s abe1 oA WNWIUIA © |«
‘S31ON

25




TDK-Lambda

U Jamod BUIMO||0f SBINUIW O JAAO JUBLIND INdINO pPajel JO %) 0-/+ UBY) SO

Jup dn-wiepn /

*dwa) g peo| ‘aul| Jueysuo) “dn-wem senuiw g Buimoj|o} [eAd)ul “SIYg JOAO JuaLIND INdIN0 pajel JO %G0'0

Ajlgess ainjesadwa] ‘g

dn-uuem sajnuiw g Buimol|o} usLind Jndino pajel wolj O,/Ndd00} | Oy /Ndd JUaI01e00 ainjesedwsa] ‘G
I Sl _ 4 yuw (714) (Zhe) ZHNL~ZHG s'w ojddiy
abueyo peoj BuImoljo} sejnuiw Qg JOAO JU.LIND INdIN0 pajel Jo %G0’0 UBY) SSa7 - }jup [ewlay) uone|nbal peoe
Jua.ind Jndino pajel Jo %60°0 -—- (11,) uonenbal peoy "Xep'z
Jua.4nd JndinNo pajel Jo %z0°0 -—- (9,) uonenbal auI7 "Xey' |
1-069 2-02¢ _ 7091 A JAOW LNIHAINI LNVLISNOD
“09g W) [ "09g W9} (S1) (dAL) awn dn-ploHzL
‘SwiZ uey) ssa
“asuas [e20] ‘%00L~01} :Julod-jes IndinQ

Ju.4n2 INdjNO pajel JO %06~0 ) SBUBYD Peo) & Joj INdN0 Pajel S}l JO %G'Q UIYYIM JaA0oal 0) abeyjoA Indino Joj swil | Sw aw asuodsal jusisuel || |

3 sz z s (0L.) peol oN|
g8 G8 9 Sw (6+) peo| __:u__ :awy asuodsauboid-umogo|
G/ G/ [ele} Sw (6,) "XeWOA~Q ‘owr) asuodsay ‘Boid-dn'6
[} G [} A aJim/uonesuadwod asuas ajoway'g
uo Jamod BuIMO|0} SaINUIW O JOA0 aBe)j0A INdINO Pajel JO %G00 Uey) ssa[ - Jup dn-uepn /.
‘dws) 9 peo| ‘aul| Juesuo) “dn-wuem sanuiw g Buimoj|oy [ealdjul s1yg Ao abe)joA Jndino pajel Jo %z0'0 - Ayjgess ainjesadwa] ‘9
dn-wem sejn 0¢ Bumo|o} “abey|0A Indino pajel wody Op/Ndd0€| Op/Wdd JuSI01Y8900 ainjessdwa] ‘G
09 0 [ ol AW (L1) ‘(P14) ZHWL~2ZHG 's'wd a1ddiy
[ 051 [ 00} AW (£14) ‘(#1) (ZHWOZ ‘d-d) esiou pue ajddiy'e
abeyjoA Indino pajel Jo %10°0 - (/) uonejnbai peo xepy'z
abe)jon Indino pajel 4o %10°0 - (9,) uoneinBal aur ‘xepy' |
1-069 2-02¢ _ 7091 A 3JAOW IDVLTOA LNVLISNOD
VOE UeY} ssa -- (G,) JUaLIND ysniuj'g
5'88/5°98 5'88/.8 [ G'88/5°98 % () OVA002/001 (dAL) Aousioy3 4
PEO| %001 ‘0BA00Z 1B 86°0 9BA0OL 18 66°0 (dA1) Joyoed Jomod'e
SLEI6S L 69°€/EY L [ 69°C/LYL (¥+) OVA00Z/001 Ju8no Induj wnwixey g
aseyd a|buls ‘ZHE9~/ ‘SNONUUOD OBAGOZ~G8 - (g,) ‘bauyebeyjon induj |
1-059 2-02¢ _ 7091 SOILSIYILOVHVHI LNdNI
059 0¥9 [0)4°) M Jamod Jndino pejey'e
00'L 0Z oy v (2.) 1o yndino pajey'z
059 0ze 091 A (1) aBeyjon 1ndino pajey'y
1-059 2-02¢ 7091 Z ONILVY 1NdLNO

m:Q_uﬁU_h_UQQm S919S °A’H 009.Z £°C

26




TDK-Lambda

91e9s |IN} 40 %2100

uoIJN|0sal ¥oeqpeal Jno|'g

9198 |IN} 40 %ZL0°0

UOIJN|0Sa) YOBgPEa. JNOA"L

Jua.11nd INdINO pajel JO %E"0 + [ENJOE JO %L 0

(g1,) Aoeinooe soeqpeas no|'g

abiejjon Indino pajel Jo %G0°0 + [BNJO. JO %S0°0

£oeinooe yoegpeal JNOA'G

91e9S 1IN} 40 %2100

uonnjosaJ buiwwesboud jnoj 4

91e9S |IN} 40 %2100

uonnjosa. Buiwwesboud Jnop'e

U842 Indjno pajel Jo %z 0

(g1,) Aoeinooe Buiwwesboud jno|'z

abe)joA Jndino pajel Jo %G00 + [eNJo. JO %G00

Aoeinooe Buiwwelboid Jnop” |

(NV1“(91s) 3

33| :leuondo ‘gsn ‘8r/Z€ZSH) ¥OVEAVIY ANV ONINWVHOONd

(1suaz A/z AQ paluNys) YWQQ L JusLINd 3uUIS WNWIXEeW AGZ 86B}JOA WNWIXEW ‘10}08]|00 usadQ

Z leubis pawweiboid gL

(1ouaz A/ Ag PajuNys) VWO JUSLINO YUIS WNWIXEeW'AGZ 96)|0A WnwwiXew '10jos]jod uadO

| |eubis pawweiboid /|

WNWIXeW sN|=4] ‘1] "wnwiuiw snQ|=m} :J1ob6u) abpa annisod

‘YUWQL = JUBLING YUIS WNWIXE ‘AG = Indul jaAs] ybiy wnwixep ‘AG'€ = 96ejon Indur [9As] YBIy wnWIUI ‘AZ’L = 96.}|0A Jndul [9AS] MO| WINWIXE

ur Jebbu] g

A} snoz=asind'yig| = JUaLIND 80IN0S WNWIXE ‘AG = INdiN0 [9As] YBIY WnWIXey ‘Ag’€ = INdIN0 [aAd] YBIY WNWIUIA ‘Ag’0 = ININO [9AS] MO| WINWIXE\

30 4ebbLL G

("xew AQE) [e907-40 BjoWway-("XEW JUBLIND 3UIS YWO| ‘A9 0~0) UQ ‘(Jausz A9g Aq pajunys) 10}0a]|00 uadQ

10JE0IpU| SPOLU BJOWSY/|E0T

12907 :uado 10 AGL~Z ‘9J0WaY :HOYS JO AQ0~0 :Hoys/uadQ Jo [eubis [eOL}OBIE AG

|0J)U0D BPOLU BJOLISY/|EO0T'E L

|aued juouy Aq pajeAljoe Si

g/eu3 “(YWS'Q UBY) SSB| JUdLIND 82.n0S ‘JO :uadQ ‘UQ :HOoYS) J0eju0d AIp Aq Jndino Sd au} sajqesiq/sajqeus

104Ju09 (911) YooBluIZL

VWO :JUSLIND YUIS WnuWiXew ‘AQg :96.jjoA WnWIXe "JO :Bpow AD ‘UQ :Bpow DJ '10j09|100 uadQ

JOjedIpUI DO/ADLL

punob sISSeyo wolj "xew DAAQS9 (SSPOIP [EUIBIX Y)IM) S)UN [eduap! Z

uoijesado seues 0}

UOI}09ULI0O BOUBE] JUBLIND BJIM B]BUIS UM DPOW BAB|S/IBJSEW Ul S)un g 0} dn ‘8|qissod

(g,) uonesado |a|jeted 6

“90UB)SISA SALIS WYO00QS ‘I'B4-A0 ‘MO-AG~P

leubis O Alddns Jemod g

%-/+ :A0BINJOY "8|qe}O8I8s Jasn ‘AQL~0 10 AG~0

Joyuow abeyjjoa Indino° 2

%1-/+ :A0BINDJY '3|qeJO3Ies JasN ‘AQL~0 4O AG~0

(g1,) Joyuow juaund IndinQ'9

2160| 8]qe}09jes Jasn ‘Jorju0d AIp J0 AGL~H/AQ0~0 :BBE)IOA [BOL103I8 A

1043U00 (0S) HO-INYS'S

N0 Pajel JO %G'L-/+ :AjlIeaul] pue Aoeinody °9|qe)os(es Jasn ‘9]eos (Iny WYOM0L/S~0 ‘%00L~0

(¢1,) Buiwwelboid Jojsisal no| '+

JNOA PaJel JO % |-/+ :Ajieaul] pue AoBINdOY '8|qejosjes Jasn ‘8[eds |Inj WYOMOL/S~0 ‘%00L~0

BurwweiBold J0)sisas INOA'S

JNO| PaJel JO % | -/+ AJIeaul| pue Aoeindoy "8|qedsias Jasn ‘AQL~0 4O AG~0 ‘%00L~0

(¢1,) Buiwweiboid abeyjon Jno|'z

INOA Pajel JO %G 0-/+ ‘Ajlieaul| pue Aoeindoy "8|qeos|as Jasn ‘AQL~0 4O AG~0 ‘%00L~0

Buiwweiboid abeyjon Jnop’|

ONIMOLINOIN ANV ONINNVIOO¥d DOTVNY

27




TDK-Lambda

12-2-89009031 0} BuIpJ020y “paxoedun S| jun "Swi | ‘Buls jley ‘D0z uey) sseq| - Joous's
¥9-2-89009031 :0} Buipiodoy| - uonelqin‘y

(Buimelp auijino o} Jajal) 0SE :a ‘SOL M ‘€8 ‘H ww AdOg 3dIM
(Bumeup auiino o} Jayal) 0SE :a ‘0L IM ‘€8 ‘H AYVANVYLS (QXHXM) suolsuawiq g

333 Jo Bojeue pajejos! yym Apog apIa B)G g uey) ssa By AQdOd 3AIM
6y|z uey) ssa] AYVANVLS WbeMZ
uej [eusajul Aq Buljooo Jie paoio4 - Buijoo)’|
IVOINVHOIN

0,0t @injeladwa) Jusiquy Xew ‘woQOg 0} dn WOz wol4 -

"WO00E Wnwixep - SpNIlY'g

(uoyesuapuod ou) HyY %G6~0L

Aypiwuny ebelio)s

(uonesuspuod ou) HY %06~0Z

Aipiwny Bunesedo’e

0,58~02-

ainjesadwa) abeI0)SZ

Peo| %001 "0,05~0

ainjesadwsy bunesedo|

SNOILIANOD TVLNIWNOHIANI

1Nd.LNO ‘WIY ‘LO¥d ‘AI¥d ‘NNIN ‘INIJ

SUOJNG SUOKOUNS "4

(V4 OV ‘104 ‘dLO'dAN ‘dAO) LO¥d :a31 a3y

00 ‘AD ‘440/NO LNd1NO' WIY 'LO¥d ‘AF¥d ‘NNIW ‘INIH :Sa3TNIFHO - suonedIpu|'g
JUNOO | -/+ JUa1IND JNdINO pajel Jo %G'0 :AdeIndoe ‘sybip ¢ :noj -
JuNoo |-/+ 86e}j0A Jndino pajel Jo 9,60 :Aoeunooe ‘sybIp ¢ JNOA - Reydsigz

3007 [8UBd JU0I< ‘440/NO INdINQ ‘AQL/AG BuLojiuow Juaiind/a6e)0A Usamaq UoNos|as - SUoioUNS 04U Bojeuy

Buiwweiboid MO L/MS ‘AOL/AG ‘Bulwweboud aA)sisay/abelo/ Usemjaq Uoioafes - suoiound j04uo) Bojeuy

SS9.pPY '9)ey pneg JO UONI3JeS - SUOIOUNS UOIedIunwwo

95N 'S8YSY '262SY (91.) 3331 "NV JO UOIO9I9S - SUONOUNS UOHEDIUNWWIOD

OS "LNI ‘dD0 ™9egpiod ‘dAN “TAN 'dAQ - suoiouny uonosiold

isnipe [enuew ANAIAN/GAQ

Jsnipe [enuew JnojAnoA

sJopoous Z yym suoijdo ajdnnpy

suoIUNY [0JU0Y"|

T3ANVd LNOY4

payo}e| UOU IO Paydye| ‘B|gejos|as Jasn

uonosjoud aunjesadws) JOAQ 9

Jod uonesunwwod Aq Jo 37gyN3 [pued Jeas Aq 4o uolng 1 NdLNO Ag Jo apow Hejsojne ul 8|okoal Jndul Oy Aq 19sey
a|qejesaud Josn "Buiwwesboid JAN mojaq saob abejjoa ndino Alddns semod uaym umop-inys Indino

(dAN) uonoajoud abeyjon Japun IndiNQ'g

BujwwelBoid Bojeue ul Joaye Jou 30 “JWl| MOJaq JNOA Bunsnipe woly sjusAdld Lod uolesIuNWWOoD Jo [pued juoly Aq josald

(1AN) 3w 86e)j0A Jopun IndinQ'y

111G [ £56-G [ 9/L-g A Jui0d duy aBejoA-1oAD"E
od uoneoiunwiwod Aq Jo 37gyN3 [eued Jeas AQ Jo uolng 1 Nd1NO Aq Jo apow Hejsone ul 8jokoal Jndul Dy AqQ J9Sey "poyldW UMOP INYS JapaAU| - (dAO) uonoajoid abe}joA-1anQ 2
Jod uonesiunwwod Aq Jo 37gyN3 [pued Jeas Aq Jo uopng 1 Nd.LNO Ag Jo apow Wejsoine ul 9jokoal indul Oy Aq 19sey
s|qejesald Jasn *AD 0} OO 10 OO 0} AD woyy epow abueyd Ajddns Jemod usym umop-inys indino - uonoajold ¥oeqplo4’|
1-059 I 2-02¢ I -001 SNOILONN 3AILDLONd

m:O_uﬂu_h_._Ume SOU9S ‘A'H 009.Z

28




TDK-Lambda

wg uey) ssa7 :yjbus| sajged aoepaiul spod [0u0d pue [eubis (gL,
‘Aressaoeu si dn wiem "uiw | (9,0) "dwsa) Jusiquie Moj je Jels 104 1/ |,

"0,G¥ S 333 Buisn oy injesedwsy JUBIGWE XBIN 91,

1amod Jndino pajel WGl
'aqodd |:0L YIm painsesiy L,

‘JUp [ewJay} uoiieinbai peo pue dn-wJem ay} apnjoul jou op Aoeindoe Bulojiuow pue yoeqgpeal ‘Buiwwelfold jualing jueysuo) ayl €,
"jua.ind Jndino pajel pue abeyjjon ndino pajel Jo %00 L~0L 1e painsesw s| a|ddiy :Z|,
"abe}joA Indul Juesuod ‘Buiies abeyjoA jun ayy 0} [lenba ‘ebueyd abejjoA peo| JoH ||,

.wmm:0> Indino pajel Jo %0l 0} %06 WOl QL

"PEO| 9AlSISAL Pajes Yim ‘Bbe}|oA Indino pajel JO %01 O} %06 10 %06 O} %0} Wold 6,
‘pJainbai s| Juauind Indino |e}o} JO %0 ‘SHUN { Uey} aiow uoljesado |9jjesed 104
‘palinbau s Jua1ind Indino |ejo} Jo %G ‘syun 0} dn uonjesado |9|jeJed 404 8,
‘asuag ajoway ul julod Buisuas ay) je painses|y ‘abejjoa Indul JUBISUOD ‘peo-||N4 0} PEOT-ON WOl @/,

"PEO] JUBJSUOD ‘QVYAS9Z~0LL 40 JBAZEL~G8 IV 19«

"09GQWZ 0 UBY} SSB| Jua.Ind ysnaui Jayi [N Buipnjoul JoN G,

“;emod Indino pejes Yum O Gz=.l .

"(ZH09/0S) 98A0YZ-001 Se paquosep aq 0} ‘palinbai si (*"*03@ ‘D3| “IN) SpJepuels Alojes snoLeA 0} SOUBLLIOJUOD BIBUM SISED 104 '€,
"Jua.INd INdiNo pajel JO %z 0 WNWIXew o) pasjuesend si Juslind WNWIUIA Z,
"aB.}|0A INdIN0 pajel JO % "0 WnWwixew o} pasjuelent s obe)oA wnwiup |,

‘S31O0N

V-100A 'v-G1 Wed 904 'V UonesoT (eusnpul ‘L-9ze19N3/03

uoIssiWe pajelpey’'9

g-100A 'g-G1 Wed D04 ‘g uoieooT [euisnpul ‘L-9zeLINI/O3I

UOISIWWS Pajonpuod’g

HY%0. ‘0,62 ¥ WYONOO | Uy} 8IoN

90UE)SISa. UONENSU| }

UIWL/DAALOL PUN0ID-DOTYNY A3LVYI0SI/3IANNYT ‘GSn ‘v ‘er
UIwWL/DAAZYZY *O0TYNY A3LVI0SI/3IIINYT ‘SN ‘pr ‘er-indu)
‘UIWL/OAAYYZY :O0TYNY QALVIOSI/A3IINYT ‘8SN ‘vr ‘er-2r ‘Lrgindino
‘Ui L/DAA08.Z:PUN0ID-Zr ‘LrgInding

‘Ul /OAA8Z8Z ‘Punoi-Indul tuiw /OaAY0LE i2r ‘LrgIndino-indu) :jopow A0S9

‘UIWL/DAALOL PUN0ID-OOTYNY A3LYTOSI/IIAINYT ‘GSN ‘v ‘€r UIWL/DAAZYZY “O0TYNY A3LY10SI/AIIINYT ‘'gSN ‘v ‘er-indu|
“UIWL/OAA00ZE *OOTYNY A3LYTOSI/IIIINYT ‘GSN ‘pr ‘€r-2r*LreInding (uiwL/0aA0002 :pPunoI-zr ‘Lreindino
‘Ul /OAA8EZ8E ‘Punoi-indul (Ui} /OaA0L62 2r ‘L reIndinO-indu :sppow AQZESINOASO9L

Be}[0A PUBISUM '€

snopJezeH ale OO TYNY A3LY10SI/3331 'NY1 ‘SN ‘b1 ‘er ‘2f ‘Lr INdINO :papunoib ndino+ ‘A00F<INOA
snopJezeH UON ale OO TYNY d3LY10SI/333I ‘NY1 ‘SN ‘pr ‘er ‘snopiezeH aie z ‘Lf ‘INdINQ :papunoib ndino+ ‘AQ0FSINOA
snopJezeH UON 8.e 9O TYNY d3LVI0SI/3II NV ‘@SN ‘pr ‘er ‘snopiezey aue g ‘i1 ‘indinQ :Buneoy yndino

UOIJEDlISSE[O B0BUBIU|'Z

1-92€19NZ/03I o (81.) ON3
snopJezeH UoN aJe Ny ‘Boleuy g3.1v10S1/3331 ‘GSN 'vr ‘er "Shopiezey aJe zp ‘¢ ‘INdINO :A0GISINOASO9L -
"1-0L0LINI 'L-0LOLYON 2'22VSD ‘1-0L0191N ‘1-0L01903I Asjes :spiepueys ajqeoiiddy |

OW3/AL3dVS

29




TDK-Lambda

uo Jomod BuIMO||0} SBINUILW OF JOAO JUSLIND INAJNO PaJE JO % '0-/+ UBY) SS8]

Yup dn-uLem L

dwa) %@ peoj ‘!

Juesuo) "dn-wiem sajnuiw 0 BUIMO||0) [EAIBIUI SIUg JOAO JUBLIND INdINO PaJel JO %SG0°0

Ajjigeys aunjesadws ] "9

dn-uuiem sajnuiw og Buimojioj JuaLnd Jndno pajel woly O /Ndd00t [ O /Ndd JueI0Ye00 ainjesedwe] ‘g
L gl Sl 4 yw (712) (Z1s) ZHWL~ZHG "s"wi ojddiy
abueyo peo| Buimoj|o} senuIW Qg JOAO JuaLIND INdINO PaJel JO %G0'0 UBY) SSO - }Up [ewJay) uonenbal peoT'g
Jua11nd Jndino pajel Jo %60°0 - (11,) uoneinbai peoy "xep 'z
Jua.1in2 Indino pajel Jo %z0'0 --- (9,) uonenbal auI "Xep'|
62'1-069 226l | 5'z-02¢ | 5-091 A 30O LNJHNND LNVLSNOD
09sWG'| | [ J8sWg | (1) (dAL) swy dn-poH-z)
‘Swiz uey) ssa
‘8suss [e20| ‘%00L~0L ”«:_Oauuwm u_._QuJO

Jua.und Jndino pajel Jo %06~0L dBuByO peo| e 1oy Indino pajes Syl JO %G 0 UIUIM JoA0oal 0} abe}joA indjno Joy awi] sw awi) asuodsau juaisuel] ‘||

¢ sz sz z s (01.) Peol oN|
59 59 S9 SS Sw (6.) Peol in4| wi esuodsau Boud-umog ol
SS SS SS S sw (6x) “XBWOA~Q ‘Bwi} 8suodsey Boid-dn 6
G [ [ G A alim/uoljesuadwod asuss ajoway g
uo Jamod Buimoyjo} sajnuiw Qg Jano abejjoa Indino pajel Jo 9%G0"0 Uey) ssa - }up dn-wuepn /.
-dwa) % peo| ‘aul| Juejsuo) “dn-wuem senuiw Qg Buimoj|oy [eAssiul Siyg Jano abeyjoa Indino pajel Jo %z0°0 - Ayngess ainjesadwsa] 9
dn-wiem sejnuiw g Buimojioj ‘abeyjon Jndino pajes wouy O /INAdOE | Oo/Ndd jueIle00 ainjesedwa ] ‘g
09 0g [ o€ | o]} AW (£12) ‘(bh+) ZHWL~ZHG "s"w1 ajddiy
052 0S5} _ 05} _ 00l AW (£1.) ‘(71+) (ZHWOZ ‘d-d) 8siou pue ajddry'g
abejjon Jndjno pajes Jo %10°0 - (L,) uonenbali peoT "Xep'z
abeyjon ndino pajel o %10°0 - (9,) uonenbal au xep'|L
62'1-069 22-GlE | G'z-0z¢ | 5-091 A 30O IDVLTOA LNVLSNOD
Y0OE Uey) sse -—- (g,) JUaLIND ysniu|'g
68/18 5'68/SL8 [ 68/5°98 [ 5'88/5°98 % () OVA00Z/001 (dAL) Aouspiyg
PEO| %001 ‘0BAQ0Z 1€ 86°0 ‘0BAQ0L 1B 66°0 - (dAy1) Jojoed Jemod'e
99'v/EY'6 0L'%/25°6 [ 65 V/IVE'6 | L9'v/vE'6 (¥-) OVA002/00} Jusund induj wnwixey'g
wwm:& ®_m_.__w ,NI&O(N# ,w:O::_EOo JOBAGOZ~G8 - Amxv .Um‘c\wmmu_ns ijE_.—.
§2'1-099 2T5LE | 52028 [ S-09) SOILSINILOVHVHO LNdNI
S'ivL 0SZ 252 26 M 9.0G 5 Bl >2.0% 9BA00L>UIASS8 1 Jomod 1ndino pajey
gz Gezg 008 008 M 2,0y 5 Bl ‘0BAQ0L>UINSGS Je Jomod Indino pajey
GZl8 sz8 008 008 M 9,06 5 Bl '0BAGYZSUIASO0L Je Jemod Jndjno pajey e
SLL 0z SeT Ly v 2,05 5 Bl >9.0% 0BAQ0L>UIASS8 18 (2.) Juauno jndino pajey
YAl 2z Sz 0'g v 2,07 5 Bl 0BAQ0L>UIASSS 1 (Z.) Jueuno jndino pajey
szl zz %4 0'g v 2,05 5 Bl ‘0BAG9ZSUIASO0L 1e (2.) Jueind Indino pejeyz
059 [ oze 09} A (1) eBeljon 1ndino pajey-|
S2°1-059 zT-6LE §'z-0ze S-091 z ONILYY 1NdLNO

u:O_uﬂU_.._._UOn—m S9l19S ‘A'H 008.Z1°¢

30




TDK-Lambda

91e9s |IN} JO %2100

uoinjosal %oeqpeal Jno|'g

91e9S |IN} 40 %2100

UoIIN|0SaJ ¥0BqPEAI JNOA'L

U842 INAINO Pajel JO %E'0 + [ENIO. JO %L °0

(g1,) Aoeinooe yoeqpeas Jno|'9

abe)joA Jndino pajel Jo %G00 + [eNJO. JO %G00

KoeInooe oeqpeal JNOA'S

91e9S |IN} 40 %2100

uofnjosal Buiwweliboid Jno|y

81898 |IN} J0 %2100

uonnjosas Buiwwelboud JNOA'E

Jua.ind Jndjno pajel Jo %z'0

(£1,) Aoeinooe Buiwwesboud jno|'z

96e)|0A JndINo pajel JO %G0°0 + [BNIOE JO %G0°0

Aoeunooe Buiwwelboud Jnop’ |

(NVT ‘(91 3

33| :leuoldo ‘asn ‘s8Y/ZEZSH) YOVEAYIY ANV ONINWVHOONd

(Jausz A\/z Aq pajunys) YWQQ | JUSLIND 3UIS WNWIXEW AGZ 96E}JOA WNWIXEW ‘10}08][00 usdQ

Z |eubis pswwesboid gl

(1ousz A/z AQ pajuNys) YWOO | JUSLIND 3UIS WNWIXEW AGZ 86B}|0A wnwixew ‘10}08|j0d uadQ

| |eubis pawweiboid /|

wnwiXew snj=41 ‘1] ‘wnwiuiw snQL=m} 106611 abps anlisod
‘YWIQL = JUSLIND UIS WNWIXE ‘AG = Indul [9A9] YBIY WwnWIXe ‘AG'€ = 96ejoA Jndul [9As] YBIY WNWIUI ‘AZ’ L = 96€}j0A Indul [9AS] MO| WNWIXE

ul Jebbu] gl

|eai1dA} snpz=as|nd‘ywg| = JusliNd 82IN0S WNWIXE ‘AG = INdINO [9A3] Ybiy wnwixep ‘Ag'¢ = INdiNo [pAd] ybiy wnwiul ‘A0 = INAINO [9AS] MO| WNWIXE

Ino JebbLI] G|

("xew AQE) [e007-JO "@joway-("XeW JualinNd YuIs YWl ‘A9 0~0) UQ "(Jausz AQE Aq pajunys) J0joa|j0d usdQ

10}EDIPU| BPOLU BJOLISY/[EI0T 7|

18007 :UadO JO AG|~Z ‘@j0WaY :HOYS JO A9"0~0 :Hoys/uadQ Jo [eubis [eoujosje Ag

|0)U0D SPOU SJOWAY/|BO0T'E}

joued juou) Ag pajeAnoe si sig/eus “(YWg 0 UeY) SSa| Juaind 80In0g ‘PO :uad ‘UQ MOYS) 19BjU0D AIp Aq Jndino Sd ay) sa|qesia/sajqeus

1043u00 (971) o0RII ZL

YWQL $JUBLIND MUIS WNWIXEW ‘AQE :©BEJOA WNWIXE "JJO BPOW AD ‘UQ :8pou HJ "10j08]|0d uadO

103ed1pul DO/ADLL

punouB sisseyo wouy xew DAA0S9 (SepoIp [BUIBIXS Y}IM) S}UN [BD1USPI 2

uoljesado saLas 0L

UO1}0BUUI0D 0UE[E] JUSLIND SJIM B|BUIS U)IM SPOL DABIS/IB)SEW Ul S)iun g 0} dn ‘|qissod

(g,) uonesado [ajjesed’6

“90UB)SISal Sales WyoQos ‘[184-A0 ‘MO-AS~t

|eubis HO Alddns Jemod g

%1 -/+ :A0BINOJY "9]qejosIes Jash ‘AQL~0 10 AG~0

Jojuow abeyjoA Inding' 2

%1 -/+ :A0BINOOY "8]qejos|es Jash ‘AQL~0 40 AG~0

(g1,) Jojuow juauno INdinQ’'9

0160] 8|qej08es Jasn ‘Joejuod AIp 0 AGL~H/A9 0~0 :9Be}oA [eouyosfe Ag

101300 (OS) #o-INus's

1N0| PaJel JO %G| -/+ :Ajlieaul] pue AoeInooy "8|qejos|es Jasn ‘a[eds [Ny WUOM0L/S~0 ‘%00L~0

(¢1,) Buiwweibold Jo}sisal 0|

JNOA Pajel JO % |-/+ :Ajlieaul] pue ADeindoy “a|qe)jos|as Jasn ‘ajeds |inj WyoM0L/S~0 ‘%00L~0

Buiwweiboud J0}sisal INOA'S

JN0| PaJel JO % | -/+ :AJLIEaul| pue AoBINDDY "8|qe}osfes Jasn ‘AQL~0 40 AG~0 ‘%00L~0

(¢1,) Bulwwelboud abeyjon Jnoj'g

JNOA PaJel JO %G 0-/+ :AJlIEaul] pue AoeInddY °9|qe)dafas Jasn ‘AQL~0 40 AG~0 ‘%00L~0

Buiwwe.boid abejjon JNoA' L

ONIYOLINOW ANV ONINNVEOO¥d DOTVNV

31




TDK-Lambda

/2-2-89009031 0} BuIPI090Y "paxoedun S| Jun "Swi | ‘aUs jley ‘D0z Uey) ssa

%O0US'G

9-2-8900903 :0) BuipJoooy

UORBIGIA Y

(Buimelp auljino o} J1aye1) 0S¢ :d ‘SOL ‘M ‘€8 ‘H ww AdOd 3dIM
(Bumep auiyno o} Joya1) 0SE d ‘0 ‘M ‘€8 H AYVANVLS (@XHX) suoisuswig e
333 Jo Bojeue pajejosi Yyym Apoq apip BYGZ uey) sse Byl AdOd 3AIMm
Byjz ueyy sse JYVANVYLS wbemz
uey [eusajul Aq Buljood Jie padio4 - 6u1j00)’|
AVOINVHOINW
Sl 4 SET 0Ly v 9BAQ0}>UIASGS 1B INFHHYNO LNd.LNO d3.Lvy
sl [44 052 00'S Y QBAGIZSUINS00L 1B LNIHHNO 1NdLNO d3Lvy
GZ2'1-099 22S§Le Gc-0ze G-091 19PON
"Mojaq a]ge} 8y} 0} Buipioooe JusLIND Jndino pajes pue J,0F ainjeledwa) Jusiquy “Xew ‘wOQEOE 0} dn wEeoz woid| -
"wQo0€ wnwixely - SpNIlY'G

(uonesuapuod ou) HY %G6~01

Apiwuny abeliois

(uonesuapuod ou) HY %06~02

Aypiwiny Bunessdo'e

0058~02-

ainjesadwse) abeI0)S 7

PBO| %00} “0,05~0

ainjesedwsy bunesedo|

SNOILIGNOD TVLNIWNOYIANI

1Nd1NO ‘W3Y 'LoYd ‘A3dd ‘NNIN ‘INI4

SuolNg SUOROUNS

(11v4 OV ‘d104 'd1O'dAN ‘dAO) LO¥d :a31 a3y

00 ‘AD ‘440/NO 1NdINO" WIYH ‘10¥d ‘AFdd ‘ONIN ‘INIJ :$AFT NIFHO o suoneopul’e
JUNOD | -/+ Jua.Ind ndiNo pajel Jo %G 0 :Aoeinode ‘sybip 4 :Inoj -
JUN0d |-/+ abeyjon Jndino pajel Jo %G 0 :Aoeindoe ‘subip ¢ :INOA - Reidsigz

5007 [8Ukd Ju0J4 ‘440/NO INdINO ‘A0L/AG BuLioliuow JuaLinD /6.0 Usamag Uoioa[es - suoioun [o1uo) Bojeuy

BurwwesBold Mo L/MS ‘A0LIAS ‘Buiuwelbold aansisay/ebe}joA Usamiag uolosjes - suoioun4 [04juo) bojeuy

SS9.ppY ‘9jey pneg JO UONO3Ieg - SUOJOUNS UONEDIUNWWOYD

SN 'S8YSYH ‘262SY ‘(91.) IIF| NV JO UONDSISS - SUONOUNS UONEDIUNWIWOD

OS 'INI 'dDO “49Bdpiod ‘dAN "IAN 'dAQ - SUOBOUNS UOKISI0IH

isnipe [enuew dAN/IAN/HAO

Jsnpe [enuew JnojANoA

sJopooug g yum suondo ajdiniy

suonouNy 04U’ |

T3NVd LNO¥H

payoje| Uou Jo paydle| ‘a|qejosies Jasn

uonosjoud ainjesadwa) JoAQ 9

Jod uonesiunwwod Aq Jo 37gyN3 [eued Jeas Aq Jo uonng | Nd.LNO Aq Jo apow Mejsone ul 8jokdal Jndul Oy Aq Josey
a|qejesald Jesn “Buiwwelboisd AN mojeq seob abeyjoa ndino Alddns sjemod usym umop-jnys IndinQ

(dAN) uonosjoud abeyjon Jepun INdinQ’g

Buiwweiboid Bojeue ul Joaye Jou s80(Q JWi| MOJaq JNOA Bunsnipe wouj syuanald Jod uonesiunuwiwod Jo [pued Juoly Aq J9sald

(7AN) Nwi| aBeyjoA Jopun 1ndino 'y

111G [ ELvs | £56°G [ 911G

juiod duy abejjon-1enQ’g

10d uonesiuNwwod Aq Jo 37gyN3 [dued Jeas Ag Jo uojng 1Nd.LNO AQ J0 apow Jejsojne ui 8joAoal Indul Qv Aq J9Sey "POYISWU UMOP JNYS JaLaAU|

(dAO) uonoajoid abeyjor-1onQ 2

Jod uonesiunwwod Aq Jo 31gyN3 eued Jeas Aq Jo uonng | NdLNO Aq Jo apow Uejsoine ul 8jokoal Jndul Oy Aq Josay
a|qejesald Jasn "AD 0} 9D 10 90 0} AD woly apow abueyod Ajddns Jemod uaym umop-inys Indino

uonoajoud yoeqplo4’L

62'1-059 I 2268 I 5'z-02¢ | G-091

SNOILONNL 3AILOTLO¥d

32




TDK-Lambda

“JUp |ewday) uone|nbas peo pue dn-wiem ayy apnjoul jou op Aoeinooe Bulojuow pue yoeqgpeal ‘Buiwwelbold Juaung Jueysuo) ay] :

we uey) ssa :y)bua| sa|qeo soeps)ul spod [0ju0o pue [eubls 18|,
‘Aiessaoau S dn wiem ulw | AUuOv .QEwu jusique Mo| je Jejs 104 1/,
“D,G¥ SI 33| bUISN 1o} njesadLus) JUSIGWE XBN 9L,

Jamod jndino pajes 1y:Gl,

aqotd

L:0L UM PaINSEIN L.,

‘Jua.Ino Indino pajel pue abeyjoa Indino pajel Jo %00L~0L ¥e painseaw si ajddiy :Z1,
-abeyjoA Jndul Juejsuod ‘Burjel abeyjoa Jun ay) o) [enbs ‘abueyo abejjoa peoj Jo4 :| |,
"9b.}|0A INAIN0 Pajel JO %01 O} %06 WO 0.
"PEO| ANISISal Pajes Yiim ‘9Be}|oA INdIno pajel JO %0} O} %06 10 %06 OF %0} Wi 6,
‘pJainbau s1 jJua1ind Jndino 810} JO %0z ‘SHUN { UBY) low uolesado [9|eied Jo

‘9suag ajoway Ul

‘pasinbau s1 jua1ino Jndino 80} JO %G ‘sHun 4 0} dn uonesado |
1od Buisuas ay) je painsealy ‘abejjoa Jndul Juesuod ‘peo-|in4 0} Peo-ON Woid i/,

eled 104 8,

"PEO| JUBJSUOD ‘OYAGIZ~0LL 10 OBAZEL~G8 IV 19y

909G WZ 0 UBY) SSI| JUSLIND Ysniul Ja]

I3 Butpnjour JoN ‘G,

"Jamod Indino pajes yum UO@NHN._. B
*(ZH09/0S) 9eA0FZ-001 SE Paquosap aq o} ‘pauinbai si (**0}8 ‘03| “IN) SPIEpUE)S A19JeS SNOLIEA O} SOUBLLIOJUOD BJBYM SSED 104 '€,
“Jua.INd INAINO Pajel JO %z 0 WNLIXEW O} PadjueIend Si JUBLINO WNWIUIN :Z,
-abejjoA Jndino pajel Jo % | ') wnwixew o} pasjuesend si abejjon wnwiuip |,

‘S3LON

V-1D0A 'v-§} Hed 9O 'V UonesoT [euisnpul ‘L-92¢L9N3/031

uoISSIWe pajelpey’g

9-100/ 'g-G1 Wed DO4 ‘g uoieooT [erisnpul ‘|-9zeL9N/O3

UOISIWLWS PajoNpuo’g

HY%0. ‘0,52 ¥ WYONOOL Ueys 810

90UB)SISal UONBINSU| '}

“UIWL/DAALOL PUNCID-OOTVYNY AILV10SI/FIIINYT ‘SN vr ‘er
IWL/OAAZYZY *OOTYNY A3LYT0SI/33IIUNYT ‘@SN ‘pr ‘er-indu
IWL/OAAPYZY ‘AGLE Ul UIWL/OAAIYYE :OOTYNY A3LYTOSI/FIIIUNYT ‘@SN ‘vr ‘er-2r ‘Lrgindino
*A0S9 Ul Ul L/DAA08LZ ‘AGLE Ul UIWL/DAAYSLZ :PUNCID-Zr ‘LrgIndino

‘UIW L /DAABZEZ :PUN0ID-INdu| “uiw|/OAA0LE 2 ‘LrIndinO-indu| :sjpow AQGISINOASSGLE

*N0G9 Ul

“UIWL/DAALOL PUN0ID-OOTYNY A3LYIOSI/IIIINYT ‘GSN ‘pr ‘er ‘UIWL/OAAZYZY *OOTYNY A3LVI0SI/33IINYT ‘@SN ‘vr ‘er-indu
“UIWL/DAA00ZE “DOTYNY AILYIOSI/AIIUNYT ‘gSN ‘vf ‘€r-Zr*LreInding “uiw}/0aA0002 :Punoi-zf ‘Lreinding
‘UIW L /DAABZEZ :PUN0ID-Indu| “uiw}/DAA0L6Z ‘2 ‘LreIndinO-Indu) :sjppow AOZESINOAS9)

aBe} oA pueBISUIM €

snopiezeH e1e 90 TYNY G3LV10SI/31 NV 'GSN 'vr ‘€r ‘2r ‘L IndinQ :papunoib IndinO+ ‘A00K<INOA
snopiezey UoN a8 DOTYNY ALY TOSIAIAI ‘N ‘GSN ‘pr ‘€r ‘SnopiezeH aie gr ‘Lr INdNO :papunoib INdino+ ‘A0OYSINOA
SnopiezeH UON 818 HOTYNY A1V 10S/IIII ‘NVT 'GSN ‘b ‘Er 'snopiezey ase zr ‘i Indino :Bueoy inding

UONEDYISSED B0BMBIU| T

1-9¢€19N3/031 o (81.) O3
snopJezey UoN 8.e Ny ‘Bojeuy d31v10SI/3331 ‘gSN ‘bl ‘€r "SnopJezey a1e zr ‘L IndinO ‘A0G9SINOAS09L .
1-0L0L9N3 'L-0L0L9'ON 2'22¥SD ‘L-010L91N 1-01019031 Kpges ‘spiepueys a|qeoljddy |

OW3/ALIAVS

33




TDK-Lambda

2.6 Z200W/400W/600W/800W Outline Drawing
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2.7 Z200W/400W/600W/800W Optional IEEE, Isolated Analog

Interface Outline Drawing
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2.8 Z200W/400W/600W/800W Optional L2 interface outline drawing
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CHAPTER 3: INSTALLATION

3.1 General

This chapter contains instructions for initial inspection, preparation for use and repackaging for
shipment. Connection to PC, setting the communication port and linking Z* power supplies are
described in Chapter 7.

NOTE:

Z" power supplies generate magnetic fields which might affect the operation of other instruments.
If your equipment is susceptible to magnetic fields, do not position it adjacent to the power supply.

3.2 Preparation for Use

In order to be operational the power supply must be connected to an appropriate AC source. The
AC source voltage should be within the power supply specification. Do not apply power before
reading, Section 3.6 and 3.7.

Table 3-1 below, describes the basic setup procedure. Follow the instructions in Table 3-1 in the
sequence given to prepare the power supply for use.

Stepno.  Item Description Reference

1 Inspection Initial physical inspection of the power supply Section 3.3

. Installing the power supply, Section 3.4

2 Installation Ensuring adequate ventilation. Section 3.5

3 AC source AC source requirements Section 3.6

Connecting the power supply to the AC source. Section 3.7

4 Test Turn-on checkout procedure. Section 3.8

5 Load connection Wire size selection. Local /Remote sensing. Section 3.9
6 Default setting Single or multiple loads. Section 7.2.1

Table 3-1: Basic setup procedure

3.3 Initial Inspection

Prior to shipment this power supply was inspected and found free of mechanical or electrical defects.
Upon unpacking of the power supply, inspect for any damage which may have occurred in transit.
Theinspection should confirm that there is no exterior damage to the power supply such as broken
knobs or connectors and that the front panel and meter faces are not scratched or cracked. Keep
all packing material until the inspection has been completed. If damage is detected, file a claim
with carrier immediately and notify the TDK-Lambda sales or service facility nearest you.

3.4 Rack Mounting

The Z* power supply series is designed to fit in a standard 19” 2U height rack.
Six units (70mm width) can be assembled into 19" 2U-rack. Refer to Fig.3-1.
Four units (105mm width) can be assembled into 19” 2U-rack. Refer to Fig.3-2
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3.5 Location, Mounting and Cooling

This power supply is fan cooled. The air intake is at the front panel and the exhaust is at the rear
panel. Upon installation allow cooling air to reach the front panel ventilation inlets. Allow minimum
10cm (4") of unrestricted air space at the front and the rear of the unit.

The power supply should be used in an area that the ambient temperature does not exceed +50°C.

3.6 AC Source Requirements

The Z* series can be operated from a nominal 100V to 240V, single phase, 47~63Hz. The input
voltage range and current required for each model is specified in Chapter 2. Ensure that under
heavy load, the AC voltage supplied to the power supply does not fall below the specifications
described in Chapter 2.

3.7 AC Input Power Connection

WARNING:

Some components inside the power supply are at AC voltage even when the On/Off switch is in
the "Off” position. To avoid electric shock hazard, disconnect the line cord and load and wait two
minutes before removing cover.

3.7.1 ACInput Connector

An IEC connector is provided on the rear panel for connecting the unit to the AC power source with
an AC cord. The IEC connector also provides the safety ground connection while the AC cord is
plugged into an appropriate AC.

The power supply shall be connected to the AC Mains via protective device
(circuit breaker, fuses, ...etc.) rated 20A max.
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3.7.2 ACInput Cord
Refer to section 1.3.4 for details of the AC input cords recommended.

WARNING:

The AC input cord connector is the disconnect device of the power supply. The connector must be
readily identifiable and accessible to the user. The AC input cord must be no longer than 3m.

3.8 Turn-On Checkout Procedure

3.8.1 General

The following procedure ensures that the power supply is operational and may be used as a basic
incoming inspection check.

3.8.2 Prior to Operation

1.

oA wWwN

Ensure that the power supply is configured to the default setting:
AC On/Off switch at Off position.
Sense connector : Configured to Local Sense as shown in Fig.3-3:

(-) sense

Local (-) Sense

Not Connected
Local (+) sense
(+) sense

u b wWN =

Plug P/N: 43645-0500
(MOLEX)

Fig.3-3: Sense connector default connection

Ensure that the protection of output plug is mounted and properly assembled.

Connect the unit to an AC source as described in section 3.7.

Connect a DVM with appropriate cables for the rated voltage to the output terminals.

Turn the front panel AC power switch to On.

When power supply is turned ON the display shows "BB85” and all LEDs illuminate momentarily.
The power supply operating status is then displayed.
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3.8.3 Constant Voltage Check

1.
2.

Turn on the output by pressing OUTPUT button so the OUTPUT LED illuminates.

Observe the power supply Voltage display and rotate the Voltage encoder.

Ensure that the output voltage varies while the Voltage encoder is rotated.

The minimum control range is from zero to the maximum rated output for the power supply
model. Compare the DVM reading with the front panel Voltage display to verify the accuracy
of the Voltage display. Ensure that the front panel CV LED illuminates.

Turn off the front panel AC power switch.

3.8.4 Constant Current Check

Ensure that the front panel AC power switch is at Off position and the DVM connected to the
output terminals shows zero voltage.

1.

Connect DC shunt across the output terminals. Ensure that the shunt and the wires current
ratings are higher than the power supply rating. Connect a DVM to the shunt.

2. Turn the front panel AC power switch to On position.

3. Turn on the output by pressing OUTPUT button so the OUTPUT LED illuminates.

4. Observe the power supply Current display and rotate the Current encoder. Ensure that the
output current varies while the Current encoder is rotated. The minimum control range is from
zero to the maximum rated output for the power supply model. Compare the DVM reading
with the front panel Current display to verify the accuracy of the Current display. Ensure that
the front panel CCLED is on.

5. Turn off the front panel AC power switch.

6. Remove the shunt from the power supply output terminals.

3.8.5 OVP Check

Referto Section 5.3.2 for explanation of the OVP function prior to performing the procedure below.

1.

Turn the front panel AC power switch to On position and turn on the output by pressing
OUTPUT button.

2. Usingthe Voltage encoder, adjust the output voltage to approx. 10% of the unit voltage rating.

3. Set OVP to 50% of of the unit voltage rating.

4. Adjust the output voltage toward it’s maximum and check that the output voltage cannot
be increased more than the OVP setting.

5. Adjust OVP limit to the maximum.

3.8.6 UVL Check

The UVL can be set when the power supply output is Enabled (On) or Disabled (Off). UVL setting
values are limited at the maximum level to approximately 5% below the Output Voltage setting.
Attempting to adjust the value above this limit will result in no response to the adjustment attempt.
The minimum value setting is zero.

vk wnNn =

o

Press PROT button. PROT (GREEN) LED illuminates. Current display shows "LiLP" message.

mirn

Press Current Encoder. Voltage Display shows "LiLiL" message, Current display shows setting level.
Rotate the Voltage encoder to set "LiLL".

Rotate the Current encoder to adjust the level.

Press PROT button twice or wait 15 sec. to return display to its previous state and then PROT
LED turns OFF.

Adjust the output voltage toward it's minimum and check that the output voltage cannot be
decreased below the UVL setting.

Adjust the UVL limit to the minimum.
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3.8.7 Foldback Check

WARNING:

There is a potential shock hazard when checking a power supply with output voltage greater than
60VDC. Observe proper safety procedures during the checking.

Referto Section 5.3.4 for explanation of the FOLD function prior to performing the procedure below.

Ensure that the output voltage is set to approx. 10% of the unit rating.

Adjust the Current encoder to set the current limit to approx. 10% of the unit rating.

Set Foldback to CC MODE.

Short the output terminals momentarily (approx. 0.5 sec.). Ensure that the output voltage falls

to zero, the Voltage display shows "FOLd", Current display shows "FA IL" and the PROT red LED blinks.
Set Foldback to OFF. The output voltage remains zero.

Press OUTPUT button. Ensure that the output voltage returns to it’s last setting.

7. Turn the output off by pressing OUTPUT button. Ensure that the Voltage display shows "OFF”.

N =

o wn

3.9 Connecting the Load
Turn off the AC input power before making or changing any rear panel connection. Ensure that

all connections are securely tightened before applying power. There is a potential shock hazard
when using a power supply with a rated output greater than 60VDC.

WARNING:
There is a potential shock hazard when using a power supply with a rated output voltage greater
than 60VDC. Turn off the AC input power before making or changing any rear panel connection.
Ensure that the protection of output plug is mounted and properly assembled for power supplies
when output voltage exceed 60VDC. Ensure that all connections are securely tightened before
applying power.

3.9.1 Load Wiring

The following considerations should be made to select wiring for connecting the load to the

power supply:

e Current carrying capacity of the wire (refer to 3.9.2)

e Insulation rating of the wire should be at least equivalent to the maximum output voltage
of the power supply.

e Maximum wire length and voltage drop (refer to 3.9.2)

« Noise and impedance effects of the load wiring (refer to 3.9.4).
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3.9.2 Current Carrying Capacity
Two factors must be considered when selecting the wire size:

1.

Wires should be at least heavy enough not to overheat while carrying the power supply load
current at the rated load, or the current that would flow in the event the load wires were
shorted, whichever is greater.

2. Wire size should be selected to enable voltage drop per lead to be less than 1.0V at the rated
current. Although units will compensate higher voltage drop in each load wire (refer to the
specifications). It is recommended to minimize the voltage drop (1V maximum) to prevent
excessive output power consumption from the power supply and poor dynamic response
to load changes. Please refer to Tables 3-2 and 3-3 for maximum wire length to limit voltage
drop in American and European dimensions respectively.

Wire size Resistivity Maximum length in feet to limit
AWG Ohm/1000ft voltage drop to 1V or less

0.65A 1.3A 2.5A 5A
24 25.670 60 30 15 8
22 16.140 95 48 25 12
20 10.150 150 75 40 20
18 6.385 240 120 60 30
16 4.016 380 190 100 50

Table 3-2: Maximum wire length for 1V drop on lead (in feet)

grrgss sect. Resistivity Maximum length in meters to limit
(mm?) Ohm/Km voltage drop to 1V or less
0.65A 1.3A 2.5A 5A

0.25 84.2 18 9 4

0.34 52.94 29 14 7 4

0.5 33.29 45 23 12

1 20.942 70 35 20 10

1.5 13.172 115 55 30 15
Table 3-3: Maximum wire length for 1V drop on lead (in meters)

For currents not shown in Table 3-2 and 3-3, use the formula:
Maximum length=1000/(current x resistivity)
Where current is expressed in amperes and resistivity in ohms/km or ohms/1000ft.
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3.9.3 Wire Termination

The wires should be properly terminated with terminals securely attached. DO NOT use non
terminated wires for load connection at the power supply.

CAUTION:

When local sensing, a short from +LS or +5 to -V or -S or -LS, will cause damage to the power supply.
Reversing the sense wires might cause damage to the power supply in local and remote sensing.
(Do not connect -Sto +V or +Sto -V.)

3.9.4 Noise and Impedance Effects

To minimize the noise pickup or radiation, the load wires and remote sense wires should be twisted
pairs to the shortest possible length. Shielding of sense leads may be necessary in high noise
environments. Where shielding is used, connect the shield to the chassis via a rear panel Ground
screw. Even if noise is not a concern, the load and remote sense wires should be twisted-pairs to
reduce coupling, which might impact the stability of power supply. The sense leads should be
separated from the power leads.

Twisting the load wires reduces the parasitic inductance of the cable which could produce high
frequency voltage spikes at the load and the output of power supply, because of current variation
in the load itself.

The impedance introduced between the power supply output and the load could make the ripple
and noise at the load worse than the noise at the power supply rear panel output. Additional
filtering with bypass capacitors at the load terminals may be required to bypass the high frequency
load current.

3.9.5 Inductive Loads

Inductive loads can produce voltage spikes that may be harmful to the power supply. A diode
should be connected across the output. The diode voltage and current rating should be greater
than the power supply maximum output voltage and current rating. Connect the cathode to the
positive output and the anode to the negative output of the power supply.

Where positive load transients such as back EMF from a motor may occur, connect a surge suppressor
across the output to protect the power supply. The breakdown voltage rating of the suppressor
must be approximately 10% higher than the maximum output voltage of the power supply.

3.9.6 Making the Load Connections

WARNING:

There is a potential shock hazard when using a power supply with an output voltage greater than
60VDC. To protect personnel against accidental contact with hazardous voltages, ensure that the
protection of output plug is mounted and properly assembled.

Ensure that the load and its connections have no accessible live parts. Ensure that the load wiring
insulation rating is greater than or equal to the maximum output voltage of the power supply.
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160V to 650V Models

The 160V to 650V models have four terminal wire clamp output connector. The two left terminals
are positive outputs and the other two right terminals are the negative outputs.

The connector requirements are as follows:

1. Connector type: IC 2,5/ 4-G-5,08 (Phoenix).

2. Plug type: IC 2,5/ 4-ST-5,08 (Phoenix).

3. Wires: AWG16 to AWG24.

4.Tightening torque: 4.4-5.3 Lb-inch. (0.5-0.6Nm).

Follow the below instructions for connection of the load wires to the power supply:

1. Strip approx. 10mm at the end of each of the wires.

2. Loosen the mating connector terminal screws

3.Insert the stripped wires into the terminal and tighten the terminal screw securely (see Fig.3-4).

MALE CONNECTOR
(IC 2,5/ 4-G-5,08,, PHOENIX CONTACT)

FEMALE PLUG

(IC 2,5/ 4-ST-5,08, PHOENIX CONTACT)
WIRES: COPPER, AWG 16~24
TIGHTENING TORQUE:

4.4-5.3 Lb-inch. (0.5-0.6Nm).

Fig.3-4: Load wires connection to the output plug.

4. Assemble the protective shield to the plug and tighten the screw to fix the shield
to the plug (see Fig.3-5).

PT SCREW KA30X6 WN1412

Fig. 3-5: Plug shield mounting

WARNING:

Thereis a potential shock hazard when using a power supply with an output voltage greater
than 60VDC. Do not turn ON power supply when output voltage is above 60VDC without
output plug protection assembled.

Ensure that the protection of output plug is mounted and properly assembled,

and that the plug protection is locked by PT type screw as described in Fig. 3.5
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Bei Einsatz einer Stromversorgung gréBer 60VDC Nennspannung besteht eine potentielle
Gesundheitsgefahr durch elektrischen Schlag. Schalten Sie keine Stromversorgung mit einer
Ausgangsspannung groBer 60VDC EIN, ohne dass die Schutzabdeckung des Ausgangssteckers
montiertist. Stellen Sie sicher, dass die Schutzabdeckung des Ausgangssteckers fachgerecht
montiert wurde und wie in Bild 3.5. dargestellt mit 2 PT-Typ Schrauben gesichert ist.

3.9.7 Connecting Single Loads, Local Sensing (default)

Fig.3-6 shows recommended load and sensing connections for a single load. The local sense lines
shown are default connections at the rear panel J2 sense connector. Local sensing is suitable for
applications where load regulation is less critical.

Load lines, twisted pair, shortest length possible.

+V T
Load

Power
Supply -V

-Rem. sense

-Local sense
+Local sense

+Rem. sense

Fig.3-6: Single load connection, local sensing

3.9.8 Connecting Single Loads, Remote Sensing

Fig.3-7 shows recommended remote sensing connection for single loads. Remote sensing is
used when, in Constant Voltage mode, the load regulation is important at the load terminals. Use
twisted or shielded wires to minimize noise pick-up. If shielded wires are used, the shield should
be connected to the ground at one point, either at the power supply chassis or the load ground.
The optimal point for the shield ground should be determined by experimentation.

Load lines. Twisted pair shortest length possible.

+V

Power
Supply -V

Load

Sense lines.

Twisted pair or shielded.
-Rem. sense

-Local sense
+Local sense

+Rem. sense

Fig.3-7: Remote sensing, single load
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3.9.9 Connecting Multiple Loads, Radial Distribution Method

Fig.3-8 shows multiple loads connected to one supply. Each load should be connected to the
power supply’s output terminals using separate pairs of wires. It is recommended that each pair of
wires will be as short as possible and twisted or shielded to minimize noise pick-up and radiation.
The sense wires should be connected to the power supply output terminals or to the load with
the most critical load regulation requirement.

Load lines, twisted pair, shortest length possible.

+V

Power
Supply -V

+
Load#2

-Rem. sense

-Local sense

+Local sense +
+Rem. sense _Load#3

Fig.3-8: Multiple loads connection, radial distribution, local sense

3.9.10 Multiple Load Connection with Distribution Terminals

If remotely located output distribution terminals are used, the power supply output terminals
should be connected to the distribution terminals by a pair of twisted and/or shielded wires. Each
load should be separately connected to the remote distribution terminals (see Fig.3-9).

If remote sensing is required, the sensing wires should be connected to the distribution terminals
or at the most critical load.

Distribution terminal

+V -
Load#1
Power RY; +V ] oa
Supply _
Load#2
-Rem. sense ¢ -
-Local sense @
+Local sense @ -V +
+Rem. sense ¢ _Load#3

Fig.3-9: Multiple loads connection with distribution terminal
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3.9.11 Grounding Outputs

Either the positive or negative output terminals can be grounded. To avoid noise problems caused
by common-mode current flowing from the load to ground, it is recommended to ground the
output terminal as close as possible to the power supply chassis ground.

Always use two wires to connect the load to the power supply regardless of how the system is
grounded.

WARNING:

Models up to 650VDC Rated Output shall not float outputs more than +/-650VDC above/below
chassis ground.

WARNING:

Thereisa potential shock hazard at the R5232/485, LAN, USB, Isolated Analod and the IEEE ports when
using power supplies with rated or combined voltage greater than 400V and the Positive Output
of the Power Supply is grounded. Do Not connect the Positive Output to ground when using the
RS232/485, LAN, USB, Isolated Analod and the IEEE.

3.10 Local and Remote Sensing

Therear panel J2 sense connector is used to configure the power supply for local or remote sensing
of the output voltage. Refer to Fig.3-10 for sense connector location.

3.10.1 Sense Wiring

WARNING:

There is a potential shock hazard at the sense connector when using a power supply with an output
voltage greater than 60VDC. Local sense and remote sense wires should have a minimum insulation
rating equivalent or greater than the maximum output voltage of the power supply. Ensure that the
connections at the load end are shielded to prevent accidental contact with hazardous voltages.
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3.10.2 Local Sensing

The power supply is shipped with the rear panel J2 sense connector wired for local sensing of
the output voltage. Refer to Table 3-4 for J2 terminals assignment. With local sensing, the output
voltage regulation is made at the output terminals. This method does not compensate for voltage
drop on the load wires, therefore it is recommended only for low load current applications or

where the load regulation is less critical.

Fig.3-10: Sense connector location

Terminal Function

J2-1 Remote negative sense (-S).

J2-2 Local negative sense. Connected internally to the negative output terminal (-LS).
J2-3 Not Connected.

J2-4 Local positive sense. Connected internally to the positive output terminal (+LS).
J2-5 Remote positive sense (+9).

Table 3-4: J2 terminals

3.10.3 Remote Sensing

Thereis a potential shock hazard at the sense point when using power supply with an output voltage
greater than 60VDC. Ensure that the connections at the load end are shielded to prevent accidental

WARNING:

contact with hazardous voltages.

Do not operate the Power Supply with remote sense wire connected to the load without connecting
load wire to the output plug. Make sure that the connection is reliable to avoid disconnection during

WARNING:

operation. Disconection may cause damage to the power supply.
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CAUTION:

When using shielded sense wires, ground the shield in one place only. The location can be the power
supply chassis or one of the output terminals.

Use remote sense where the load regulation at the load end is critical. In remote sense, the power

supply will compensate for voltage drop on the load wires. Refer to the specifications for the

maximum voltage drop on load wires. The voltage drop is subtracted from the total voltage available
at the output. Follow the instructions below to configure the power supply for remote sensing:

1. Ensure that the AC On/Off is in the Off position.

2. Remove the local sense jumpers from J2.

3. Connect the negative sense lead to terminal J2-1 (-S) and the positive sense lead to terminal
J2-5(+S) of the J2 mating connector. Ensure that the J2 mating connector is plugged securely
into the rear panel sense connector, J2.

4. Turn On the power supply.

NOTES:

1. Ifthe power supply is operating in remote sense and either the positive or negative load wire
is not connected, an internal protection circuit will activate and shut down the power supply.
To resume operation, turn the AC On/Off to the Off position, connect the open load wire, and

turn On the power supply.

2. Ifthe power supply is operated without the remote sense lines or local sense jumpers, it will
continue to work, but the output voltage regulation will be degraded. Also, the OVP circuit
may activate and shut down the power supply.

3.10.4 J2 Sense Connector Technical Information

- J2 connector type: 43650-0501, MOLEX.
- Plug type:43645-0500, MOLEX.

- Contact pins: 43030-0002, MOLEX.

- Hand tool: 63819-0000, MOLEX

- Wire AWG: 24 up to 20

3.11 Repackaging for Shipment

To ensure safe transportation of the instrument, contact the TDK-Lambda sales or service facility
near you for Return Authorization and shipping information. Please attach a tag to the power
supply describing the problem and specifying the owner, model number and serial number of
the power supply. Refer to Warranty Information for further instructions.
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CHAPTER 4: FRONT/REAR PANEL CONTROLS AND CONNECTORS

4.1 Introduction

The Z" Power Supply series has a full set of controls, indicators and connectors that allow the
user to set up and operate the unit. Before starting to operate the unit, please read the following
sections for an explanation of the functions, controls and connector terminals.

- Section 4.2: Front Panel Display and Controls.

- Section 4.3: Rear Panel Controls and Connectors.

4.2 Front Panel Display and Controls
Refer to Fig4-1 and Table 4-1 for description of the Front Panel controls and indicators.

MENU PROT FINE PREV REM OU

Fig. 4-1: Front panel controls and indicators
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No. | Control/Indicator Description Section
1 AC Power Switch AC ON/OFF control
4 digit 7-segment LED display. Normally displays the output current.
2 Current display In preview mode, the display indicates the program setting of output
current.
4 digit 7-segment LED display. Normally displays the output voltage.
3 Voltage Display In preview mode, the display indicates the program setting of output
voltage.
4 Voltage encoder and Encoder : high resolution rotary Encoder for adjusting the output 591
button voltage. Button: Auxiliary function to select between menu levels. -
5 'Cor?stant Voltage mode Green LED, light for Constant-Voltage mode operation.
indicator
Current encoder and Encoder: High resolution rotary Encoder for adjusting the output current.
6 o . 522
button Button: Auxiliary function to select between menu levels.
7 .Cor?stant Current mode Green LED, light for Constant-Current mode operation.
indicator
Main function: output ON/OFF control. Press OUTPUT to set the output 524
8 OUTPUT ON or OFF. Press to recovery after OVP, UVP or FOLD fails. Green LED, 5'2'5
button/indicator lights when the DC Output is enabled. -
Auxiliary function: Select between Safe Start and Auto Start modes.
Main function: Go to local. Press REM to put the unit into local (REM
9 REM button/indicator bu‘tt<.)n. is dlsabled.at L.ocal Lockout mode. Green LED, lights when the
unit is in communication Remote mode.
Auxiliary function: Communication menu.
Main function: Press PREV to display the output voltage and current
limit setting. For 5 sec. the display will show the setting and then it will
return to show the actual output voltage and current. Green LED, lights
. when PREV button is pressed.
10 | PREVbutton/indicator Auxiliary function: Front Panel Lock. Press and hold PREV button to
toggle between “Locked front panel”and "Unlocked front panel”. The
display will cycle between LFF and UFF. Releasing the PREV button
while one of the modes is displayed, selects that mode.
Voltage, Current, Delay and Counter Fine/Coarse adjustment control.
Operates as a toggle switch. In Fine mode, the VOLTAGE and Current
11 | FINE button/indicator | encoders operate with high resolution and in Coarse mode with lower
resolution (approx. 6 turns). Green LED, lights when the unit is in Fine
mode.
PROT button/ Main function: Red LED blinks in cases of fault detection: OVP, UVP, OTP,
12 Alarm indicator Foldback, Interlock and AC fail. Auxiliary function: Protection menu. 53
Green LED illuminates when the unit is in protection menu mode.
Main Menu button/ Used for selection between analog or digital mode control, rear pane]
13 . control parameters, memory management, trigger and program setting,
indicator . .
parallel mode settings and software version.
14 | Optional front panel insulated output sockets (@4mm) for modules up to 650VDC: 5A Max. PN:Z-L2

Table 4-1: Front panel controls and indicators
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4.3 Rear Panel Connectors
Refer to Fig.4-2 and Table 4-2 for description of the Rear Panel connectors.

Fig. 4-2: Rear panel connections

No. |Connection Description Section
1 AC Input Connector IEC320-16 TYPE CONNECTOR
2 DC output Plug for DC output. 39
Analog Control and Connector for remote analog interface. Analog control and monitoring.
3 . . . 43.1
signals. J1 Referenced internally to output potential -S.
Local/Remote sense Connector for making remote sensing connections to the load for
4 . . . 3.10
connector J2 regulation of the load voltage and compensation of load wire drop.
5 Lsiglrf;cle%control and Control and monitoring signal, isolated from the output potential. 432
6 Remote Serial Out RJ-45 type connector, used for chaining power supplies to/from a serial 73
connector communication bus. ’
RJ-45 type connector, use for connecting power supplies to RS232 or
. RS485 port of computer for remote control purposes. When using several
Remote Serial In . ' . )
7 power supplies in a power system, the first unit Remote-In is connected |7.3
connector - . .
to the computer and the remaining units are chained, Remote-In to
Remote-Out.
8 USB Connector USB interface connector, type B
9 LAN.Connector LAN interface connector, type RJ-45
(optional)
10  |Ground screw M4X8 for chassis Ground connection
11 |Optional Interface Position for GPIB Interface (shown) or Isolated Analog Interface 1S510/15420.

Table 4-2: Rear panels connections
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WARNING:

Terminals 7,9 and 12 of J1 are connected internally to the negative sense(-S) potential of the power
supply. Do not attempt to bias any of these terminals relative to the negative sense. Use the Isolated
Programming interface option to allow control from a programming source at a different potential
relative to the power supply negative.

CAUTION:

To prevent ground loops and to maintain the isolation of the power supply when programming from
J1, use an ungrounded programming source.

WARNING:

There is a potential shock hazard at the output when using a power supply with an output greater
than 60VDC. Use wires with minimum insulation rating equivalent to the maximum output voltage
of the power supply.
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4.3.1 J1 Connector Terminal and Function UT T
Control and monitoring signals are referenced to the 6 @ @ 12
negative sense potential (-S). s @ @ .
Connector Technical Information: 4 @@ 10
« Connector type: 43045-1201, MOLEX. 3 |(o][+] H
o Receptacle type: 43025-1208, MOLEX.
. Contact pins: 43030-0002, MOLEX. 2 |(o](c]] 8
« Hand tool: 63819-0000, MOLEX. 1| le]| 7
o Wire: AWG 20-24

ALIEATT]

Fig.4-3: J1 connector terminals and functions

Pin Parameter Specification Section

. LOC/REM SELECT Input for sglectlng between Local or Remote analog 62
programming of output voltage and output current.

2 p Output for current balance in parallel operation 55

3 |_MON Monitoring power supply output current 6.6

4 LOC/REM MON Output for.lndlcatlng if the unit is in Local or Remote analog
programming mode.

5 IPGM Input for remote analog voltage/resistance programming of 64,65
the Output Current.

6 VPGM Input for remote analog voltage/resistance programming of 64,65
the Output Voltage.

7 oM Control Common. Return for VMON, IMON, CV/CC, LOC/REM.
Connected internally to the negative sense potential (-S).

8 cv/cc .Ou'Fput. for Constant-Voltage / Constant-Current mode 581
indication.
Control Common. Return for YMON, IMON, CV/CC, LOC/REM.

9 oM Connected internally to the negative sense potential (-S).

10 V_MON Output for monitoring the power supply Output Voltage. 6.6

1" IPGM_RTN Return for IPGM input.

12 VPGM_RTN Return for VPGM input. Connected internally to the ”-S".

Table 4-3: J1 connector terminals and functions
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4.3.2 J3 Connector Terminal and Function

Control and monitoring signals are isolated from the
power supply output.

Connector Technical Information
o Connector type: 43650-0801, MOLEX. E

o Receptacle type: 43645-0800, MOLEX.

o Contact pins: 43030-0002, MOLEX. E @ @ @—‘@ @ @ E %

« Hand tool: 63819-0000, MOLEX. 8 7 6 5 4 3 2 1
«  Wire: AWG 20-24

Fig.4-4: J3 connector terminals and functions

Pin Signal name Function Section
1 Programmed Signal 1 General Purpose Open collector Port 1 573

2 PS_OK Output for indication of the power supply status. High level is OK. 574

3 Trigger Out Trigger output, positive true, pulse width: Min. 10usec 852

4 ILC Enable /Disable the power supply output by dry-contact (short/open). |5.7.2

5 Shut Off (SO) Input for shut off control of the power supply output. 5.7.1

6 Programmed Signal 2 General Purpose Open collector Port 2 573

7 IFC_COM Isolated interface, common.

8 Trigger In CMOS level input for triggering power supply output. Positive edge,  |8.5.1

pulse width: Min. 10usec.

Table 4-4: J3 connector terminals and functions
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4.4 Front Panel Display Messages
Table 4-5 shows the various messages that will be shown on the display in different operating modes.

Table 4-5: Front Panel display messages

56

Display Text Text Description Display Text Text Description
Abor ABORT an ON
AC AC Once ONCE
Adr ADDRESS 0P OTP
AUED AUTO (RESTART) aur OvP
bAUd BAUD RATE PriL PARALLEL
bus BUS Pt PIN 1
Conk CONTINUE P g PIN 2
coun COUNTER POS POSITIVE
Curr CURRENT PO PROGRAM
c cC Pr.dL PROTECTION DELAY
cy v Pad PS_OK DELAY
d& DISABLE ~ANG RANGE
EnA ENABLE r.PAN REAL PANEL
E.rES EXT.RESISTOR rECL RECALL
Err ERROR r5E RESET
E.uoL EXT.VOLTAGE rEu. REVISION
EHE EXTERNAL 2ic RS232
F.r5t FACTORY RESET HB5 RS485
FR 1L FAIL GAFE SAFE (START)
FOLd FOLDBACK SAUE SAVE
F.PAM FRONT PANEL &R SCPI
F.5kr FUNCTION STROBE 50 SHUT OFF
GET GEN LANGUAGE GEE SET
HOLd HOLD LUE SLAVE
HOSE HOST SLAd SLAVE (ADVANCED)
nFo INFORMATION 5L SLAVE (BASIC)
ok INITIALIZE SEEP STEP
INEF INTERFACE kr & TRIGGER
i INTERLOCK brdt TRIGGER DELAY
P IP kroin TRIGGER IN
LAn LAN br.Ou TRIGGER OUT
LAMG LANGUAGE LS UsB
LORd LOAD LUt uvL
NEL NEGATIVE UuP uvpP
AAC MAC UOLE VOLTAGE
nEnd MEMORY 4ES YES
OFF OFF
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4.5 Navigating the Main Menu

4.5.1 Introduction

The Main Menu consists of three levels: Subsystem, Function and Parameter. To enter the Menu
press the Menu button. The Menu LED illuminates and the display shows the Subsystem Menu.
Navigate by rotating the Voltage encoder to scroll through the Subsystem list (first level). Repeat
these actions to navigate the Functions list (second level). In the third level, the Voltage display
shows the function and the Current display shows the parameter. Scroll the parameter list by
rotating the Current encoder and press to select the desired parameter. When parameter is
accepted, the display blinks once and exits to the previous level.

. Press MENU button, LED turns ON

—>{ Fp/analog set > voltage }

[Frontpanel | [Cext.voltage | [ Ext.Resistor |

—>| Current \l/

[CFrontpanel | [Cextvoltage | [ Ext.Resistor |

Legend:

e s ) E— Subsystemevel
( ) Function level
l > ] l = ] : Parameter Level
) ] —E Rotate Voltage Encoder, Press
[ posve ] [ Negatve ] Voltage/Current Encoder
t Rotate Current Encoder, Press
i Current Encoder
[ wen ) [ w1
—>{ ps_okpelay }——>{ 0..9999ms ]
> Memoy 3 sae  }——3[ 14 )
> Recall  }—— 1.4 )
> Reset  J——  ves
S st —> v
—>{ Parallel oper. }—>{ HosT ]—\‘/ (" save ﬁ
[ H1.ms ]—T [Csimplesiave | [ Adv.siave ]

—>{  Triggerset

£2

]

Initialization

P

[ e |

Enale | [ Disable |

Trigger In

—

(e ) s )
> TriginDelay  |——> 065445 |
[ o ) [ me ] [Crunct.stobe |

—>{ Program > Prog. load  }—[
>{ Prog. counter }——>{ 19999 |

[one ] [ Ao ]

ves |

L>{ Abort
L[ o —>{ Revision

Il

o)

Fig.4-5: Main Menu diagram
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4.5.2 Exiting the Main Menu

There are three ways to exit from Main Menu:

1. Press MENU button twice. MENU LED turns OFF. Display shows present status of power supply.

2. Press and hold MENU button 3sec. MENU LED turns OFF. Display shows present status
of power supply.

3. No action for 15 sec. MENU LED turns OFF. Display shows present status of power supply.

4.6 Navigating Communication Menu

4.6.1 Introduction

The Communication Menu consists of two /three levels: Function level and Parameter level.

To navigate the Communication Menu press REM button. The REM LED illuminates. The function
menu item appears on the display. Navigate by rotating the Voltage encoder to scroll the function
level.To select the desired function, press the Encoder button next to the display. In the Parameter
level, the Voltage display shows the function and the Current display shows the parameter. Scroll
the parameter list by rotating the Current encoder and press to select the desired parameter.
When parameter is accepted, the display blinks once and exits to the previous level.

. Press REM button, LED turns ON

J

—)' Interface |—%[ RS232

Function level
Parameter level

[ |

CJ

: Value Level
T

T

Rotate Voltage Encoder, Press
Voltage/Current Encoder

J

ﬁ' Address |—%[ 1

Rotate Current Encoder, Press
Current Encoder

LAN Italic text. Appears in menu if LAN
—>| BaudRate |—>( 1200 | option instaled

IEEE Underline. Appears in menu if IEEE
option instaled

—>| Language SCPI ]
GEN
—)| IP Address I—%[ IP-1 H nnnn ]
%[ P-4 H nnnn ]
—>| macaddress > maci F——[ )
%[ MAC-6 H nnnn ]

LAN Reset

Fig.4-6: Communication Menu diagram
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4.6.2 Exiting the Communication Menu

There are three ways to exit from REM menu:

1. Press REM button twice. REM LED turns OFF. Display shows present status of power supply.
2.Press and hold REM button 3 sec. REM LED turns OFF. Display shows present status of power supply.
3. No action for 15 sec. REM LED turns OFF. Display shows present status of power supply.

4.7 Navigating the Protection Menu

4.7.1 Introduction
The Protection Menu consists of two levels: Function and Parameter.

To navigate the Protection Menu press PROT button. The PROT GREEN LED illuminates. The
function menu item appears on the display. Navigate by rotating the Voltage encoder to scroll
the function level. To select the desired function, press the Encoder button next to the display.
Toggle the Voltage encoder to select either UVL or UVP functions.

In the Parameter level, the Voltage display shows the function and the Current display shows the
parameter. Scroll the parameter list by rotating the Current encoder. Selection of a numerical
parameter is automatic and the Encoder cannot be pressed. Press only to select Foldback parameter.
When parameter is accepted the display blinks once and exits to the previous level.

Legend:
Function level

Parameter level

Voltage/Current Encoder

. Press PROT button, LED turns ON

Rotate Current Encoder, Press
Current Encoder

| Rotate Voltage Encoder, Press

[ o ] [ ] [ o )

—)[ Protect. Delay ]—9[ 0.1...25.5sec ]

Fig.4-7: Protection Menu Navigation

4.7.2 Exiting the Protection Menu

There are three ways exit the menu:

1. Press PROT button twice. PROT LED turns OFF. Display shows present status of power supply.
2. Press and hold PROT button 3 sec. PROT LED turns OFF. Display shows present status of power supply.
3. Noaction for 15 sec. PROT LED turns OFF. Display shows present status of power supply.
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CHAPTER 5: LOCAL OPERATION

5.1 Introduction

This Chapter describes the operating modes that do not require programming and monitoring the
power supply via its communication interface. USB or RS232/RS485 or by remote analog signals.
Ensure that the REM LED on the front panel is Off, (indicating Local mode). If the REM LED is On,
press the front panel REM button to change the operating mode to local.

- For information regarding remote analog programming refer to Chapter 6.

- For information regarding usage of the serial communication port refer to Chapter 7.

5.2 Standard Operation
The power supply has two basic operating modes: Constant Voltage mode and Constant Current

mode. The mode in which the power supply operates at any given time depends on the output
voltage setting, output current limit setting and the load resistance.

5.2.1 Constant Voltage Mode and Voltage Setting

1. In constant voltage mode, the power supply regulates the output voltage at the selected
value, while the load current varies as required by the load.

2. While the power supply operates in constant voltage mode, the CV LED on the front panel
illuminates.

3. Adjustment of the output voltage can be made when the power supply output is enabled
(Output On) or disabled (Output Off). When the output is enabled, simply rotate the Voltage
encoder knob to program the output voltage. When the output is disabled, press the PREV
button and then rotate the Voltage encoder to required value. The Voltage display will show
the programmed output voltage for 5 seconds. Then "0FF” will appear on the Voltage display.

4. Resolution can be set to Coarse or Fine adjustment. Press FINE button to select between the
lower and higher resolution. The FINE LED illuminates when the resolution is set to Fine.

NOTE:

If after completing the adjustment, the display shows a different value than the setting, the power
supply may be at current limit. Check the load condition and the power supply current limit setting.

NOTE:

The maximum and minimum setting values of the output voltage are limited by the Over Voltage
protection and Under Voltage limit setting. Refer to sections 5.3.2 and 5.3.3 for more details.

5.2.2 Constant Current Mode and Current Setting

1. Inconstant current mode, the power supply regulates the output current at the selected value, while
the voltage varies with the load requirement.

2. While the power supply is operating in Constant Current mode, the CC LED illuminates.

3. Adjustment of the output current can be made when the power supply output is enabled
(Output On) or disabled (Output Off). When the output is enabled, simply rotate the Current
encoder knob to program the output current. When the output is disabled, press the PREV
button and then rotate the Current encoder to required value. The Current display will show
the programmed output current for 5 seconds. Then "OFF” will appear on the Voltage display.

4. Resolution can be set to Coarse or Fine adjustment. Press the FINE button to select between the
Coarse and Fine adjustment. The FINE LED illuminates when the resolution is set to Fine.
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5.2.3 Automatic Crossover

When the power supply operates in Constant Voltage mode, while the load current is increased
to greater than the current limit setting, the power supply will automatically switch to Constant
Current mode. If the load is decreased to less than the current limit setting, the power supply will
automatically switch back to Constant Voltage mode.

5.2.4 Output On/Off Control

The Output On/Off enables or disables the power supply output. The Output On/Off can be
activated from the front panel using the OUTPUT button or from the communication interface.
The OUTPUT button can be pressed at any time (except in Front Panel Lock mode or when a Fault
condition exists). When the output is disabled, the output voltage and current fall to zero and the
Voltage display shows "OFF". Press the OUTPUT button to recover from Faults such as: OVP, UVP
and FOLD faults, after the Fault conditions have been removed.

5.2.5 Safe Start and Auto-Restart Modes

At turn on, the power supply AC On/Off can start at last setting of Output Voltage and Current
limit with the output enabled (Auto-restart), or it can start with the output disabled (Safe mode).
Press and hold the OUTPUT button to toggle between Safe start and Auto-restart modes. The
Voltage display will continuously cycle between "5AFE” and "AUED" every 3 seconds. Releasing
OUTPUT button while one of the modes is displayed, selects that mode. The default setting at
shipment is in Safe mode.

o Automatic Start Mode (RUED)
The power supply is restored to last operation setting. Upon start-up, the output is enabled
or disabled according to the last setting.

o Safe Start Mode (5AFE)
The power supply is restored to last operation setting and sets the Output to Off state. At
start-up, the output is disabled and the output voltage and current are zero. To enable the
output, momentarily press OUTPUT button.

5.2.6 Viewing Software Revision

Via the Front Panel Menu, it is possible view installed software revision.

1. Press MENU button. MENU (GREEN) LED illuminates. "5 EL"” message appears on the Voltage
display.

2. Rotate Voltage encoder until ”1nFo” message appears on Voltage Display.

3. PressVoltage encoder. The "rEu." message appears on the display, and the installed software
revision number appears on the Current display.
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5.3 Alarms and Protective Functions

5.3.1 Introduction

There are several conditions that cause alarm (RED LED blinks). All alarms affect the output. When
an alarm occurs, the respective fault will appear on the display and the alarm LED illuminates. It
is possible that more than one fault (alarm) may be triggered but only the first will be shown on
the display. If the second fault is still active when the first fault is removed, then the second fault
will be displayed.

The following protective functions are incorporated in the power supply:

e OVP - Over Voltage Protection

e UVP - Under Voltage Protection

o ILC-Interlock

e FOLD - Fold Back Constant Current or Constant Voltage
o ACFAIL - AC Power shut down

e QTP - Over Temperature Protection

5.3.2 Over Voltage Protection

The OVP circuit protects the load in the event of a remote or local programming error or a power
supply failure. The protection circuit monitors the voltage at the power supply sense points thus
providing the protection level at the load. Upon detection of an Over Voltage condition, the power
supply output will shut down.

5.3.2.1 Setting the OVP Level

The OVP can be set when the power supply outputis Enabled (On) or Disabled (Off ). The minimum
setting level is 5% above the output voltage, or the value in Table 5-1, whichever is higher.
The maximum setting level is shown in Table 5-1.

1. Press PROT button. PROT (GREEN) LED illuminates. "0LP” message appears on the Voltage
display.

2. PressVoltage encoder."0UP" message appears on the Voltage display and the Current display

shows OVP setting level.

Rotate the Current encoder to adjust the OVP level.

4. Press PROT button twice or wait 15 sec. to return display to its previous state and then PROT
LED turns OFF.

w

Model Max. OVP Min. OVP
160V 176V 5V
320V 353V 5V
650V 717V 5V

Table 5-1: Maximum/Minimum OVP setting levels

62




TDK-Lambda

5.3.2.2 Resetting the OVP Circuit
To reset the OVP circuit after activation:
1. Reduce the power supply Output Voltage setting below the OVP set level.
2. Ensure that the load and the sense wiring is connected properly.
3. Four methods to reset the OVP circuit.
« Press OUTPUT button.
« ACrecycle.
« On/Off recycle by analog control (Interlock).
« Send communication command to enable output.

5.3.3 Under Voltage Protection and Under Voltage Limit

The UVL function prevents output voltage setting below UVL set value. The UVP function prevents
power supply operation if output voltage is below UVP set value. Upon detection of an Under
Voltage condition, the power supply output will shut down. The UVL prevents adjustment of the
output voltage below a certain limit. The combination of UVP/UVL and OVP functions, allows the
user to create a protection window for sensitive load circuitry.

5.3.3.1 Setting the UVP/UVL Mode and Level

The UVP/UVL can be set when the power supply output is Enabled (On) or Disabled (Off ). UVL
and UVP setting values are limited at the maximum level to approximately 5% below the Output
Voltage setting. Attempting to adjust the value above this limit will result in no response to the
adjustment attempt. The minimum value setting is zero. If UVP setting is below 5% of rated output
voltage, UVP will act as UVL. When UVP is selected, UVL will be disabled and Vice Versa.

1. Press PROT button. PROT (GREEN) LED illuminates. Current display shows "ULF” message.

2. PressCurrent Encoder. Voltage Display shows "ULIF” or "LiLL" message, Current display shows
setting level.

3. Rotate the Voltage encoder to set "UL/P” or "ULIL", and then press the encoder. The display
blinks once.

4. Rotate the Current encoder to adjust the level.

5. Press PROT button twice or wait 15 sec. to return display to its previous state and then PROT

LED turns OFF.

5.3.3.2 Activated UVP Alarm

When the UVP is activated the power supply output shuts down.The Voltage and Current display
shows "UUP FA I"and the PROT red LED blinks.

5.3.4 Foldback Protection

Foldback protection will shut down the power supply output if power supply operation mode
crosses over from CC to CV or from CV to CC, according to selected operation mode. There are
three states of foldback protection. OFF (default), CV, CC. For CC to CV protection mode, setting
should be CV. For CV to CC protection mode, setting should be CC.
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5.3.4.1 Setting the Foldback Protection

The Foldback can be set when the power supply output is Enabled (On) or Disabled (Off).

1. Press PROT button. PROT (GREEN) LED illuminates. The "0UP" message appears on the Voltage display.

2. Rotate Voltage encoder until "FOLd" message appears on Voltage display.

3. Press Voltage encoder. "FOLd" message appears on Voltage Display, and on Current display
shows "0FF" or "CL" or "CU" setting mode.

4. Rotate the Current encoder to adjust required mode and press to select. Display returns to
the previous level.

5. Press PROT button to return display to its previous state (PROT LED turns OFF).

5.3.4.2 Activated FOLD Alarm

When the Foldback is activated the power supply output shuts off. The Voltage and Current display
shows "FOLd FA !”and the PROT red LED blinks.

5.3.5 Protection Delay

A delay can be set from between the time when a fault is detected and the output is disabled. It
relates only in cases of UVP and Foldback protection.

NOTE:
UVP protection delay = 500ms + delay setting.

5.3.5.1 Setting the Protection Delay

1. Press PROT button. PROT (GREEN) LED illuminates. The "0LP" message, appears on the Voltage
display.

2. Rotate Voltage encoder until "Pr.dL” message appears on Voltage display, and then press the
Encoder.

3. The "Pr.dL” message appears on the Voltage Display. The Current display shows the value in
seconds.

4. Rotate the Current encoder to adjust the delay. Protection delay setting range is 0...25.5sec.

Press Current encoder to select. Display blinks once and exists to the previous level.

6. Press PROT button once to return display to the previous state and PROT LED turns off.

b

5.3.6 Over Temperature Protection

The OTP circuit shuts down the power supply before the internal components can exceed their

safe internal operating temperature. When an OTP shutdown occurs, the display shows "0tP FA 1L

and the PROT LED blinks. Resetting the OTP circuit can be automatic (non-latched) or manual

(latched) depending on if he power supply is in Safe or Automatic restart mode.

o Safe start mode: The power supply stays off after the OTP condition has been removed. The
display continue to shows "DEF FR iL” and the PROT LED continues to blink. To reset the OTP
circuit, press OUTPUT button (or send Output Enable command).

o Auto-restart mode: The power supply recovers to it's last setting automatically after the OTP
condition is removed.

5.3.7 AC Fail Alarm

The AC Fail alarm indicates whether the ACinput has been discounted or shut down. When any of

these faults occur, the display shows "AC FA 1" Output power is disabled, and the PROT LED blinks.

o Safe start mode: The power supply returns to "0FF”, after the AC power returns.

o Auto-restart mode: The power supply recovers to it's last setting automatically when AC
power returns.
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5.4 Series Operation

Power supplies of the same model can be connected in series to obtain increased output voltage.
Split connection of the power supplies gives positive and negative output voltage.

WARNING:

When power supplies are connected in series, and the load or one of the output terminals is grounded,
no point may be at a greater potential of +/- 650VDC from ground. When using RS232/485, LAN or
IEEE, refer to the OUTPUT TERMINALS GROUNDING warning, section 3.9.11.

5.4.1 Series Connection for Increased Output Voltage

Two units are connected so that their outputs are summed. Set the current limit of each power
supply to the maximum that the load can handle without damage. It is recommended that diodes
be connected in parallel with each unit output to prevent reverse voltage during start up sequence
or in case one of the units shuts down. Each diode should be rated to at least the power supply
rated output voltage and output current. Refer to Fig.5-1 and Fig.5-2 for series operation with
local and remote sensing.

+LS +S 1 +LS 45
POWER + " POWER + "
SUPPLY - é( ) SUPPLY - ZE( )
n S N -
LS 1 L Ls -5 .
LOAD LOAD
s s H e +LS +S T
POWER MR (*) Diodes are POWER 2
R0 . A0
SUPPLY - user supplied. SUPPLY -
S-S ] LS S
Fig.5-1: Series connection, local sensing Fig.5-2: Series connection, remote sensing
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5.4.2 Series Connection for Positive and Negative Output Voltage
In this mode, two units are configured as positive and negative output. Set the current limit of each

power supply to the maximum that th

eload can handle without damage. It is recommended that

diodes be connected in parallel with each unit output to prevent reverse voltage during start-up
or in case one of the units shuts down. Each diode should be rated to at least the power supply
rated output voltage and output current. Refer to Fig.5-3 for this operating mode.

1

+LS +S

SUPPLY -

LS S

POWER +

*)

L
1

+ LOAD
_|. com.

+LS +S

POWER *
SUPPLY -

LS -S

O] (*) Diodes are user supplied.

L1

Fig.5-3: Series conn

ection for positive/negative output voltages

5.4.3 Remote Programming in Series Operation

Programming by external voltage:

Using the SO function and PS_OK signal :

Programming by external resistor :

Programming via the Serial Communication
port (RS232/RS485, USB):

The analog programming circuits of this power supply are referenced
to the negative Sense potential. Therefore, the circuits used to control
each series connected unit must be separated and floated from each
other. Refer to section 6.4

The Shut Off and PS_OK circuits are referenced to the isolated interface
common, [FC_COM (J3-7). The IFC_COM terminals of the units can be
connected to obtain a single control circuit for the power supplies
connected in series.

Programming by external resistor is possible. Refer to section 6.5 for
details.

The Communication port is referenced to the IFC_COM which is
isolated from the power supply output potential. Therefore power
supplies connected in series can be chained using the Remote-In and
Remote-Out connectors. Refer to Chapter 7 for details.
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5.5 Parallel Operation

5.5.1 Introduction

Up to six units of the same Voltage and Current rating can be connected in parallel to provide up
to six times the output current capability. One of the units operates as a master and the remaining
units are slaves. The slave units are analog programmed by the master unit. In remote digital
operation, only the master unit can be programmed by the computer while the slave units may
be connected to the computer for voltage, current and status readback only.

The Master and Slave modes are stored in the power supply EEPROM when the AC power is turned
off. The system will return to the Master/Slave mode upon re-application of AC power.

There are two methods to configure multiple supplies for parallel operation (basicand advanced).
Refer to Section 5.5.2 and to Section 5.5.3 for detailed explanation. Parallel modes are selected
via Front Panel menu. Refer to table 5-2.

Subsystem Level Function Level Parameter Level
Description Display Function Display Description Display
WGk Single power supply | H{
Parallel Operating Mode Prit Host /Basic Slave / Master He.Ho
P 9 Advanced Slave CLUE Slave (Basic) 5L
Lo

Slave (Advanced) SLAd

Table 5-2. Parallel subsystem menu

Display Operating Mode
Hi Single unit (default)
He Master unit with 1 Slave unit
H3 Master unit with 2 Slave units
H4 Master unit with 3 Slave units
HS Master unit with 4 Slave units
HE Master unit with 5 Slave units
5L Slave unit (Basic mode)

SLAd Slave unit (Advanced mode)

Table 5-2.1: Operation Setting Mode

5.5.2 Basic Parallel Operation

In this method, setting the units as Master and Slaves is made by the rear panel J1 connections
and setup via Front Panel. Each unit displays its own output current and voltage. To program the
load current, the Master unit should be programmed to the total load current divided by the
number of units in the system. The master and slave units operate in a Daisy-Chain connection
configuration. For further details about Daisy-chain connection refer to section 5.6. Refer to the
following procedure to configure multiple supplies for basic parallel operation.

5.5.2.1 Master Unit Set Up

During operation, the master unit operates in CV mode, regulating the load voltage at the
programmed output voltage. Connect the sensing circuit to local or remote sensing as shown in
Fig.5-4 or Fig.5-5. Front Panel Main Menu Parallel mode is "H I” as default.

Press MENU button.

Rotate Voltage encoder until "PrLL" appears on Voltage display, then press Voltage encoder.
Rotate Current encoder until "H{" appears.

Press Current encoder to select "H ", the display blinks once and returns to previous menu level.
Set the master unit output voltage to the desired voltage. Program the current limit to the
desired load current limit, divided by the number of parallel units.

If there is more than one Slave unit connected to the Master, then set the PS_OK signal delay
of the Master to 200msec. Refer to section 5.7.4 Power Supply OK Signal.
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5.5.2.2 Slave Unit Set Up

When Slave mode is selected the power supply enters Current programming mode via external
Voltage.Voltage and Current programming setting values are set to 105% of range. During operation
the slave units operate as a controlled current source following the master output current. It is
recommended that the power system is designed so that each unit supplies up to 95% of its current
rating. This helps reduce imbalance which may occur by cabling and connections voltage drop.

Press Output button in Master and Slave units.
Press MENU button
Rotate Voltage encoder until "PrLL" appears on Voltage display, then press Voltage encoder.

IR

Rotate Current encoder until "5L" appears.
Press Current encoder to select "5L". Display blinks once and returns to previous display.
For wiring instructions, refer to Fig.5-4: Parallel connection with local sensing or Fig.5-5:

Parallel connection with remote sensing.

ok wnN =

5.5.2.3 Setting Over Voltage Protection

The master unit OVP should be programmed to the desired OVP level. In slave mode, the power
supply is set to maximum as default.

5.5.2.4 Setting Foldback Protection

Foldback protection, if desired, may only be used with the master unit. When the master unit shuts
down it programs the slave units to zero output voltage.

5.5.2.5 Connection to Load

In parallel operation, power supplies can be connected in local or remote sensing. Refer to Fig.5-4
and 5-5 for typical connections of parallel power supplies. The figures show connection of two
units, however the same connection method applies for up to 6 units.

—1 —
-S -Ls +S  +LS .
W As short as possible
MASTER

POWER SUPPLY

J1-2 17
P

LOC/REM COM |IPGM CcoM IPGM RTN

-1 17 15 J1-9 J1-11 +
< LOAD
SLAVE #1 i
POWER SUPPLY -
Veo—¢ . .
Twisted pair
S Ls J1-2 +S  +LS
|P | I

LOC/REM COM | IPGM CcoM IPGM RTN

|
I
I
I
I
I

J1-1 17 J1-5 J1-9 111 PJ
J

+Ve~ -
SLAVE #N
POWER SUPPLY Ve
-S -LS +S  +LS
L1 L1

Fig.5-4: Parallel connection with local sensing
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As short as possible

MASTER
POWER SUPPLY

J1-2 J1-7
P

LOC/REM COM |IPGM CcoM IPGM RTN
J1-1 J1-7 J1-5 J1-9 J1-11

+V ¢
J1-2 s +§ |
|P +S |
|
| S
LOC/REM COM |IPGM COM IPGM RTN l
J1-1 017 15 J1-9 J1-11 ?J

SLAVE #N i

POWER SUPPLY Ve~

SLAVE #1
POWER SUPPLY

Twisted pair

5

-S +S

Fig.5-5: Parallel operation with remote sensing

CAUTION:

Make sure that the connection between - Vo terminals is reliable to avoid disconnection during
operation. Disconnection may cause damage to the power supply.

NOTE:

With local sensing it is important to minimize the wire length and resistance. Also the positive and
negative wire resistance should be as close as possible to each other to achieve current balance
between power supplies.
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5.5.3 Advanced Parallel Operation

In Advanced Parallel operation the master unit displays the total current of all units connected in
Parallel. The slave units display "0 5LUE”. The master and slave units operate in a Daisy-Chain
connection configuration. For further details about Daisy-chain connection refer to section 5.6.

In the Advanced Parallel mode, the total current is programmed and reported by the master unit.
The Current display accuracy is 2%-+/- 1 count. In cases where higher accuracy is required, it is
recommended to use Basic Parallel operation mode.

5.5.3.1 Master Unit Set Up
During operation, the master unit operates in CV mode, regulating the load voltage at the

programmed output voltage. Connect the sensing circuit to local or remote sensing as shown in
Fig.5-4 or Fig.5-5.

1. Press MENU button.

2. Rotate Voltage encoder until "P-LL" appears on Voltage display, then press Voltage encoder.

3. Rotate Current encoder and select required ‘n’ value (from 2-6) for example, "H3". The display
blinks once and returns to previous level. Refer to Table 5-2.1.

4. Set the master unit output voltage to the desired voltage. Program the current limit to the
desired load current limit, divided by the number of parallel units.

5. Recycle AC power.

6. Ifthere is more than one Slave unit connected to the Master, then set the PS_OK signal delay
of the Master to 200msec. Refer to section 5.7.4 Power Supply OK Signal.

5.5.3.2 Slave Unit Set Up

When Advanced Slave mode is selected the power supply enters Current programming mode
via external Voltage. Voltage and Current programming setting values are set to 105% of range.
During operation the slave units operate as a controlled current source following the master
output current. It is recommended that the power system is designed so that each unit supplies
up to 95% of its current rating. This helps reduce imbalance which may occur by cabling and
connections voltage drop.

When a unit is programmed to Advanced Slave mode it enters Remote mode with Local Lockout.
In this mode, Front panel controls are disabled to prevent accidental setting change except Menu
parallel setting and factory reset. Communication commands are disabled. Power supply responds
only upon query.

Press MENU button.

Rotate Voltage encoder until "PrLL" appears on Voltage display, then press Voltage encoder.
Rotate Current encoder until "5LAd” appears.

Press Current encoder to select "5LAd". Display blinks once and returns to previous level.
Recycle AC power.

For wiring instructions, refer to Fig.5-4: Parallel connection with local sensing or Fig.5-5:
Parallel connection with remote sensing and Section 5.6: Daisy-Chain connection.

aOunhAhwnN -~

NOTE:
To release units from Advanced mode select "H !"
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5.6 Daisy-Chain Connection

It is possible to configure a multiple power supply system to shut down all units when a fault
condition occurs in one of the units. When the fault is removed, the system recovers according to
a preset state: Safe start mode or Automatic restart.

Set signal "50" to positive logic via Front panel (refer to section 5.7.1) . If a fault occurs in one of
the units it's "PS_OK"signal will be set to low level and the display will indicate the fault. The other
units will shut off and their displays will indicate "50" When the fault condition is removed, the
units will recover to their last setting according to their respective Safe start or Auto-restart setting.

Fig.5-6 shows connection of three units, however the same connection method applies to systems
with more units.

POWER SUPPLY POWER SUPPLY POWER SUPPLY
#1 #2 #3

137 13-2 J3-5 13-7 J3-2 135 13-7 J3-2 13-5
IFC_COM IFC_Com PS_OK S0 TFC_Com J PS_OK

)

Fig.5-6: Daisy-Chain connection

5.7 Rear Panel (J3 Connector) Functions and Settings

Subsystem . Function . . At
Level Display Level Display Parameter Level Display Description
Enable (ON) on Enable/Disable
nr interlock
Interlock iLL X
) FE function (Analog
Positive POS | Positive (polarity)
Shut OFF 50 same as PS_OK
Negative NEG signal
Rear Panel r.PRA
ngh H
Programmed Pimt Open collector
PIN 1
Low Lo
rogramme:
PIN 2 Find Open collector
Low Lo

Table 5-3: Rear panel subsystem menu
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5.7.1 External Shut Off Function

SO signal serves as Output Shut Off . It is an optically isolated signal from the power supply output.
Connection to the signal is made via pin J3-5 (Shut Off) and pin J3-7 (IFC_COM).The SO pin accepts
a 4V to 15V signal or Open-Short contact to disable or enable the power supply output. The SO
function will be activated only when a transition from On to Off is detected after applying AC
power to the unit. Thus, in Auto start mode, the output will be enabled after applying AC power,
even if SO is in Off level. After On to Off transition is detected, the SO will enable or disable the
power supply output according to the signal level or the short/open applied to J3. When the
external SO is triggered, the power supply will display "58"0on the voltage display but the PROT
LED will not illuminate.

The external shutdown is useful when using the power supply as part of a larger test system in

which digital or analog control is required or in "Daisy-Chain".

The SO control logic can be selected via the Front panel as follows:

1. Press MENU button. MENU (GREEN) LED illuminates. "5EE” message appears on the Voltage
display and "r.PAM" message appears on the Current display.

2. Press Current encoder. The "50"” message appears on the Current display.

3. Pressthe Current encoder again. The "58"” message appears on the Voltage display. Parameter
"PO5" or "NEL" appears on the Current display.

4. Rotate and press the Current encoder to select the required parameter.

5. Forsignal details refer to Table 5-4.
SO logic SO signal level (J3-5 - J3-7) Output status
Positive (as PS_OK) (default) 4-15V or Open On
0-0.6V or Short Off 50
Negative 4-15V or Open Off 50
0-0.6V or Short On

Table 5-4: SO logic selection

5.7.2 Interlock Function - Analog On/Off. (Enable/Disable)
Interlock signal serves as Output Enable/Disable via switch or relay. Use the Interlock function to
enable or disable the output as emergency shutoff or door open switch. It is an optically isolated

signal from the power supply output. Connection to the signal is made via pin J3-4 (ILC) and pin
J3-7 (IFC_COM).

The ILC control logic can be selected via the Front panel as follows:

1. Press MENU button. MENU (GREEN) LED illuminates. "5 EE” message appears on the Voltage
display. "rPRMT" message appears on Current display.

2. Press Current encoder and the "/LL" message appears on the display.

3. Press Voltage encoder and "/LL" message appears on the display. The parameters "0FF” or
"00N" appear on the Current encoder display.

4. Rotate and press the Current encoder to select desired parameter.

For signal details refer to Table 5-5.

w
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Fronst::;:‘ :I ILC ILC Input PO\A(I)eJtiL:Ir:ply Display Alarm LED
OFF - Default Open or Short On Voltage/Current Off
o Open Off EnA Blinking
Short On Voltage/Current Off

Table 5-5: Interlock functions and settings

CAUTION:

To prevent possible damage to the unit, do not connect any of the Enable /Disable inputs to the
positive or negative output potential.

NOTE:

Safe Start mode - If the Interlock fault condition clears while units are in safe start mode, the power
supply stay to Off mode.
Auto Restart mode - The output will automatically return to previous settings.

5.7.3 Auxiliary Programmed Function Pin 1 and Pin 2

The programmed signal Pin 1 (J3-1) and Pin 2 (J3-6) are open collector, maximum input voltage
25V and maximum sink current 100mA, and can be controlled via Front panel or software.

Pin 1 or Pin 2 settings are made as follows:
1. Press MENU button. MENU (GREEN) LED illuminates. The "r.PAT” message appears on the
Current display.

2. Press Current encoder and the "/LL" message appears on the Voltage display.

3. Rotate Voltage encoder until “P i~ { /P (n2” message appears on display. Press Encoder to
select the desired Pin.

4. Voltage display shows the selected Pin number.

5. Rotate the Current encoder to toggle between "H " (High) or "La” (Low).

6. Press Current encoder to select desired parameter.

7. Press MENU button twice to return display to it's previous state. MENU LED turns OFF.

CAUTION:

Do not connect Pin 1 and Pin 2 to a voltage source higher than 25V. Always connect Pin 1 and Pin 2
to the voltage source with a series resistor to limit the sink current to less than 100mA.
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5.7.4 Power Supply OK Signal

PS_OK signal indicates fault condition in the power supply. It is a TTL signal output at J3-2,
referenced to IFC_COM at J3-7 (Isolated Interface Common). When a fault condition occurs, PS_OK
level is low, with maximum sink current of TmA. When no fault condition occurs, PS_OK level is
high with maximum source current of 2mA. All conditions when output status is disabled sets
PS_OK to low level.

The PS_OK signal at high level can be delayed via Front panel setting. This function is used to
prevent signal rise before output reaches set value.

PS_OK delay setting:

1. Press MENU button. MENU (GREEN) LED illuminates. The "~.FR” message appears on the
Current display.

Press Current encoder, "IiLL" message appears on the Voltage Display.

Rotate Voltage encoder until “P5d” message appears and press Encoder.

Parameter delay time in mSec appears on the Current display

Rotate the Current encoder to adjust the setting level. PS_OKdelay range is from 0 to 9999mSec.
Press Current encoder to select desired level.

Press MENU button twice to return display to it's previous state. MENU LED turns OFF.

NouswN

5.8 Rear Panel (J1 Connector) Functions

5.8.1 CV/CC Signal

The CV/CCsignalindicates the operating mode of the power supply. Constant Voltage or Constant
Current. CV/CC signal is an open collector output with a 30V parallel zener, at J1-8, referenced to
the COM at J1-7 (connected internally to the negative sense potential). When the power supply
operates in Constant Voltage mode, CV/CC output is open. When the power supply operates in
Constant Current mode, CV/CC signal output is low (0-0.6), with maximum 10mA sink current.

CAUTION:

Do not connect CV/CC signal to a voltage source higher than 30VDC. Always connect CV/CC signal
to the voltage source with a series resistor to limit the sink current to less than 10mA.
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5.9 Parameter Setting Memory

Power Supply has four memory configuration modes:

TDK-Lambda

Subsystem . Function . Parameter . S
Level Display Level Display Level Display Description
SAVE GAUE 1...4 .M Save setting in non violate memory
. RECALL rECL 1..4 .M Recall setting in non violate memory
Memory nEno
RST r5E YES YES Reset setting
FRST F.r5E YES YES Set factory default setting

Table 5-6: Parameter Setting Memory

5.9.1 Default Setting
For factory default parameters refer to Table 5-7.

1.

A wWN

o

Press MENU button. MENU (green) LED illuminates. "5E£” message appears on the Voltage
display.

Rotate Voltage encoder until “/iErd" message appears on Voltage display.

Press Voltage encoder. "5 ALUE" message appears on Voltage Display.

Rotate Voltage encoder until "F.-5t"” message appears on Voltage display.

Press Voltage encoder."F.-5E" message appears on Voltage Display, and "5 £5” appears on Current
display .

Press the Current encoder "HOLd"” Message appears on the display for 1sec. The display blinks
once and returns to previous level.

Press MENU button twice to return display to previous state, MENU LED turns OFF.

NOTE:

No response for FRST command. After this command the power supply loses communication because
of communication setting change.

5.9.2 Reset
For Reset parameters refer to Table 5-7.

1.

AW

o

Press MENU button. MENU (green) LED illuminates. "5EE£” message appears on the Voltage
display.

Rotate Voltage encoder until "/i&/d” message appears on Voltage display.

Press Voltage encoder. "5 RLUE" message appears on Voltage Display.

Rotate Voltage encoder until “~5E” message appears on Voltage display.

Press Voltage encoder. "r5£" message appears on Voltage Display. "9E£5” appears on the
Current display .

Press the Current encoder, display blinks and returns to previous level.

Press MENU button twice to return display to previous state, MENU LED turns OFF.

5.9.3 Last Setting Memory

Memory stores last set parameters when AC switch is turned off.
For last set parameters refer to Table 5-7.
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5.9.4 Save <1..4>

This command saves the present state of the power supply to a specified location in memory
(refer to Table 5-7). Up to 4 states can be stored. Storage locations 1 through 4 are in nonvolatile
memory.

Save Front panel setting:

1.

2.
3.

Press MENU button. MENU (green) LED illuminates. "5 EE"” message appears on the Voltage
display.

Rotate Voltage encoder until "iEi0” message appears on Voltage display.

Press Voltage encoder. "5 ALE” message appears on Voltage display.

Press Voltage encoder. "5ALE” message appears on Voltage display. Numbers " i.4" appear
on Current display.

Rotate the Current encoder to select required number value and then press the Current
encoder. Display blinks and returns to previous level.

5.9.5 Recall <1..4>

This command recalls the present state of the power supply from a specified location in memory
(refer to Table 5-7). Up to 4 states can be stored. Storage locations 1 through 4 are in nonvolatile
memory.

Recall front panel setting:

1.

AW

Press MENU button. MENU (green) LED illuminates. "5EE” message appears on the Voltage
display.

Rotate the Voltage encoder until " iE/:d0" message appears on Voltage display.

Press Voltage encoder. "ELL" message appears on Current display.

Press Current encoder. Numbers " 4" appear on Current display.

Rotate the Current encoder to select required number value and then press the Current
encoder. Display blinks and returns to previous level.
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Parameter Factory Default Resetting Last setting Save & Recall
Output Status OFF OFF + +
Voltage Set-point ov ov + +
Current Set-point MAX 0A + +
Fold Back mode OFF OFF + +
Over Voltage Protection MAX MAX + +
OvP

Under Voltage Level/ OFF (UVL) OFF (UVL) + +
Protection mode

Under Voltage Level/ ov ov + +
Protection level

Auto Start Mode SAFE SAFE + +
Control pin 1 1 1 + +
Control pin 2 1 1 + +
Input Trigger Source EXT EXT + -
Protection Delay 0mS 0mS + +
Voltage Programming Digital - + -
Mode

Current Programming Digital - + -
Mode

Programming and Monitor 5V - + -
Range

Current Share Mode (Master H1) - + -
{Master|Slave}

Interlock (Inhibit) OFF (disabled) OFF (disabled) + -
Shutdown Logic 1 (positive) - + -
Remote mode LOC LOC + +
Communication Mode RS232 - + -
Address 6 - + -
Baud Rate 9600 - + -
Language SCPI - + -
Lock/unlock front panel Unlock - + -
LIST and WAVE subsystems OFF OFF - -
Program Step AUTO AUTO (COUNT 1) - -
Trigger Out OFF OFF + +
PS_OK delay 0mS 0mS + +
Enable registers Clear Clear - -
Event registers Clear Clear - -

Table 5-7: Memory parameters.

77




TDK-Lambda

CHAPTER 6: REMOTE ANALOG PROGRAMMING

6.1 Introduction

The Rear Panel connector J1 allows the user to program the power supply output voltage and
current limit with an analog device. J1 also provides monitoring signals for output voltage and
output current. The programming range and monitoring signals range can be selected between
0-5V or 0-10V using the Front Panel Menu Subsystem Level.

Subsystem . Function . . L
Level Display Level Display | Parameter Level Display Description

Voltage limit Front Panel (Digital) | F.PAN Parameter settings in Analog/
soﬂrce UDLE Ext. Voltage E.LOL | Digital control mode, Voltage

Ext. Resist. E.rES channel.
SET SEE Current limit Front Panel (Digital) | F.PAR Parameter settings in Analog/
source Curr Ext. Voltage E.UOL | Digital control mode, Current

Ext. Resist. ErES channel.
Source and - Control by external Voltage/

monitor range A 5/10{V/KQ) range . Resistor, Range 5/10

Table 6-1: MENU. Analog Programming Setting

CAUTION:

COM (J1-7,9) and VPGM_RTN (J1-12) terminals of J1 are connected internally to the -Sense potential (-S).
Do not connect these terminals to any potential other than -Sense (-S), as it may damage the power supply.

6.2 Local/Remote Analog Control

Contact J1-1 (Fig.4-3, item 1) accepts TTL signal or Open-Short contact (Referenced to J1-7,9) to
select between Local or Remote Analog programming of the output voltage and current limit. In
Local mode, the output voltage and current limit can be programmed via the front panel Voltage
and Current encoders or via the Communication interface. In Remote Analog mode, the output
voltage and current limit can be programmed by analog voltage or by programming resistors via
J1 contacts 6 and 5. Refer to Analog Programming Setting Table 6-2.

6.3 Local/Remote Analog Indication

Contact J1-4 (Fig.4-3, item 4) is an open collector output that indicates if the power supply is in
Local mode orin Remote Analog mode. To use this output, connect a pull-up resistor to a voltage
source of 30Vdc maximum. Choose the pull-up resistor so that the sink current will be less than
5mA when the outputisin low state. J1-4 signal will be low if J1-1 is low and at least one of Analog
control modes are selected. Refer to Analog Programming Setting Table 6-2.

J1-1 LOC/REM SELECT Front Panel selection | Front Panel selection J1-4 LOC/REM MON
O”PﬁN Not applicable Not applicable Open
F.PAN F.PAN Open
E.UOL orE.FES F.PRA 0~0.6V
TTL"0" or Short
F.PAN E.LUOL orE.FES 0~0.6V
E.U0L orE.FES E.U0L orE.FES 0~0.6V

Table 6-2: Local/Remote Analog Control and Indication
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6.4 Remote Voltage Programming of Output Voltage and Current

Remote Programming settings are as follows:

N -

For Voltage Analog Programming wiring refer to Fig.6-1.

Short pins J1-1 to J1-7.

Press MENU button. MENU (GREEN) LED illuminates. "5E E” message appears on Voltage display.
Press Voltage encoder. "LUILE" message appears on Voltage Display and "Curr" appears on
the Current display.

Press Voltage encoder to select programming of the Output Voltage, or press Current encoder
to select programming of the Output Current.

The selected function appears on the Voltage display. Parameter "F.PA" or "E.UOL" or "E.-ES”
appears on the Current display.

Rotate and press the Current encoder to select "E.L/TL".

"UOLE" message appears on Voltage Display and "Curr" appears on the Current display.
Rotate Voltage encoder until "~AMNL" appears on display. Press on the relevant Encoder.

"rANL" appears on Voltage display and "5” (5V) or 10" (10V) appears on Current display.

. Rotate and press the Current encoder to select the desired programming Voltage range.
. Press MENU button twice to return display to it’s previous state. MENU LED turns OFF

CAUTION:

To maintain the isolation of power supply and prevent ground loops, use an isolated programming
source when operating the power supply via remote analog programming at J1 connector.

Qutput Voltage
Programming

YT T
6 = | o412
5 G@ 11
4 @@710
31 (o ][o]Te
2| |(o](=]] |8
1 @@ 7
NN
|

Output *Current
Programming

Fig.6-1: J1-Remote Voltage Programming Connection
* Max. output current is limited by front panel current setting.

*VPGM input impedance is T0MQ, J1-6 to J1-12.
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6.5 Remote Resistor Programming of Output Voltage and Output Current

For resistive programming, internal current sources, for output voltage and/or output current
control, supply TmA current through external programming resistors connected between J1-6
and J1-12 and between J1-5and J1-11,J1-7 & J1-1.The voltage across the programming resistors
is used as a programming voltage for the power supply. Resistance of 0~5Kohm or 0~10Kohm
can be selected to program the output voltage and current limit from zero to full scale. A variable
resistor can control the output over the entire range, or a combination of variable resistors and
series/parallel resistors can control the output over restricted portion of the range.

Remote Programming settings as follows:

1.

2.
3.
4

For Resistor Analog Programming wiring refer to Fig.6-2.

Short pins J1-1 to J1-7.

Press MENU button. MENU (GREEN) LED illuminates. "5EE” message appears on Voltage display.
Press Voltage encoder. "LILE" message appears on Voltage Display and "Curr" appears on
the Current display.

Press on the Voltage encoder to select programming the Output Voltage, or Press Current
encoder to select programming of the Output Current.

The selected function appears on the Voltage display. Parameter "F.PA1" or "E.40L" or "E.-ES”
appears on the Current display.

Rotate and press the Current encoder on to select "E.~E5".

"UOLE" message appears on Voltage Display and "Curr" appears on the Current display.
Rotate Current encoder until “~RL” appears on the display. Press on the relevant Encoder.
"rANL" appears on Voltage display and 5" (5K) or " 10" (10K) appears on Current display.

"

. Rotate and press the Current encoder to select the desired programming Resistance range.
. Press MENU button twice to return display to the previous state. MENU LED turns OFF.

Output Voltage
Programming

Optional sets Programming
Lower limit Resistor

Optional sets
Upper limit

RIS

12
11
10

aDaaua
S nEa

H

Optional sets
Upper limit

Programming  Optional sets
Resistor Lower limit
Output *Current

Programming
Fig.6-2: J1-Remote Resistor Programming Connection
* Max. output current is limited by front panel current setting.

*IPGM input impedance is 1T0MQ, J1-5 to J1-11.
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NOTES:

In Remote analog mode: the output voltage cannot be set by the Voltage encoder.
The output voltage limit is set to 5% over the model-rated maximum value. The Over Current
Limit (OCL) is set by the Current encoder to 5% over the model-rated maximum value.

2. The power supply will operate within the extended range, however it is not recommended to

operate the power supply overits voltage and current rating and performance is not guaranteed.

3. Communication: In Remote analog mode, power supply parameters can be programmed and

read back via the Communication port except output voltage and current settings.

4, To maintain the temperature stability specification of the power supply, the resistors used

for programming should be stable and low noise resistors, with a temperature coefficient of less
than 50ppm.

5. Radiated emissions, FCCrequirements: FCC requirements for radiated emissions, use a shielded

cable for the analog control signals. In cases using a non shielded cable, attach an EMI ferrite
suppressor to the cable, as close as possible to the power supply.

6.  Front panel PREV button: Use PREV button to display the output voltage and current settings

defined by the Encoders or Communication.

6.6 Programming Monitoring of Output Voltage (V_MON) and Current (I_MON)

The J1 connector, located on the rear panel provides analog signals for monitoring the output
voltage and output current. Selection of the voltage range between 0-5V or 0-10V is made via
Front Panel.

The monitoring signals represent 0 to 100% of the power supply output voltage and output
current. The monitor outputs have 500 ohm series output resistance.

Ensure that the sensing circuit has an input resistance of greater than 500 Kohm or accuracy will
be reduced.

Range selection as follows:

1.
2.

oUW

Press MENU button. MENU (GREEN) LED illuminates. "SEE" appears on Voltage display.
Press Voltage encoder. "U0LE" message appears on Voltage Display and "Curr" appears on
the Current display.

Rotate Voltage encoder until “~ATNL" appears on display. Press on the relevant Encoder.
"rANL" appears on Voltage display and 5" (5V) or " {0" (10V) appears on Current display.
Rotate and press the Current encoder to select the desired monitoring Voltage range.

Press MENU button twice to return display to the previous state. MENU LED turns OFF.
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CHAPTER 7: Serial RS232/RS485 and USB Interface

7.1 Introduction

This chapter describes the set-up, operation, commands and communication protocol of Z* power
supplies via serial communication interfaces: RS232, RS485 or USB.

7.2 Configuration

Function Level | Display SClClubis Display Description
Level
232 £3ac
485 485
1
Interface MEF USB U5h
LAN LAR
Available only if IEEE or LAN option installed
IEEE | EEE
Address Adr 1...31 =
Baud Rate bAUd 1200..57600 516
SCPI LR
Language LAMG
GEN LEN
IP Address ! IP1---IP4 P 1096
MAC Address AL MAC1-MAC6 nACE | 3345 Available only if LAN option installed
LAN Reset 5k Yes HES

Table 7-1: Front panel setup

7.2.1 Default Setting

Refer to Table 5-7: Memory parameters.

7.2.2 Address Setting

The power supply address can be set to any address between 1 and 31.

Press REM button. The REM LED illuminates. "Ad " message appears on the Current display.
Press Currentencoder. Voltage display shows "Ad~" and Current display shows present address.
Rotate the Current encoder to select required address.

Press Current encoder to enter selected parameter to memory.

When parameter is accepted the display blinks once and returns to the previous level.

uhwNn =

7.2.3 Communication Interface Selection

Z" power supply can be configured for R5232, RS485 or USB(*) communication interface.

1. Press REM button. The REM LED illuminates. "I[IE F” message appears on the Voltage display.

2. PressVoltage encoder. Voltage display shows "It F” and Current display shows communication
interface.

3. Rotate the Current encoder to select the required interface.

4. Press Current encoder to enter selected parameter to memory.

5. When parameter is accepted the display blinks once and returns to the previous level.

* Do not connect or disconnect the USB cable when the PS is operating.
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7.2.4 Baud Rate Setting

Seven optional rates are possible: 1200, 2400, 4800, 9600, 19200, 38400, 57600.

Press REM button. The REM LED illuminates. "IliE F” message appears on the Voltage display.
Rotate Voltage encoder until Voltage display shows "bALid".

Press Voltage encoder. Voltage display shows "bALd"” and Current display shows baud rate.
Rotate the Current encoder to select required baud rate.

Press Current encoder to enter selected parameter to memory.

When parameter is accepted the display blinks once and returns to the previous level.

nhkwWwwN =

7.2.5 Language Selection (R$232/RS485, USB)

The Z*" implements SCPI standard command line interface to remotely control the power supply.
Additionally, a small subset of legacy GEN commands has been provided for ease of use and
backwards compatibility.

1 Press REM button. The REM LED illuminates. "1t F” message appears on the Voltage display.
Rotate Voltage encoder until Voltage display shows "LAML".

Press Voltage encoder. Voltage display shows "LAML" and Current display shows language.
Rotate the Current encoder to select required language.

Press Current encoder to enter selected parameter to memory.

When parameter is accepted the display blinks once and returns to the previous level.

A wwnN

7.2.6 Setting Unit in Remote, Local Lockout or Local Mode

Local mode:

When the power supply is in local mode, it can receive queries. If a query is received, the power
supply will reply and remain in Local mode. Serial commands may be sent to set and read the
status registers while the unit is in Local mode. If the Enable registers are set the power supply
will transmit SRQ’s while in Local mode.

Remote mode:

If a command is received that affects the output or a Remote command is received, the power
supply will perform the command and change to Remote mode.

When the power supply is in Remote mode, REM LED illuminates and parameters cannot be
changed via the front panel. Return to Local mode by pressing the front panel REM Button or via
communication command.

Local Lockout mode:

When the power supply is in Local Lockout mode, REM LED illuminates and parameters cannot be
changed via the front panel. It is possible to return to Remote mode, only with a communication
command or by AC power recycle.
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7.3 Rear Panel RS232/485 Connector

The RS232/485 interface is accessible through the Rear panel RS232/485 IN and RS485 OUT
connectors. The connectors are 8 contact RJ-45. The IN and OUT connectors are used to connect
power supplies in a RS232 or RS485 chain to a controller. Refer to Fig.7-1 for IN/OUT connectors.

Shield
(Connector enclosure)

NC 8 [1 SG

NC 7|2 NC
TXD- 6| [3 RXD+
RXD- 5| 4 TXD+

ouT RXD+ 4|5 TXD- IN

TXD+ 3|6 RXD-

NC 2|7 TX

SG 1|8 RX

Fig.7-1: J4 rear panel IN/OUT connectors pinout

NOTE:

Txand Rx are used for R5232 communication. Txd +/- and Rxd +/- are used for R5485 communication.
Refer to RS$232 and RS485 cable descriptions for connection details.
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7.4 Connectig Power Supply To RS232 Or RS485 BUS

Connect rear panel IN connector to the controller RS232 or RS485 port using a suitable shielded
cable. Refer to Figures 7-3 and 7-4 for available RS232 and RS485 cables.

| L=2m typ.
° 8
L/ (
1 1
Socket DB-9 CONNECTOR 8 PIN CONNECTOR REMARKS
PIN NO. NAME PIN NO. NAME
HOUSING | SHIELD HOUSING SHIELD
2 RX 7 X TWISTED
3 X 8 RX PAIR
5 SG 1 SG

Fig.7-3: RS232 cable with DB9 connector (P/N: Z-232-9)

L=2m typ.
5 8
L/ ( Y
; 1
Socket DB-9 CONNECTOR 8 PIN CONNECTOR REMARKS
PIN NO. NAME PIN NO. NAME
HOUSING SHIELD HOUSING SHIELD
TXD- 6 RXD- TWISTED
8 TXD+ 3 RXD+ PAIR
1 SG 1 SG
5 RXD- 5 TXD- TWISTED
4 RXD+ 4 TXD+ PAIR

Fig.7-4: RS485 cable with DB9 connector (P/N: Z-485-9)
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7.5 Rear Panel USB Connector

A standard USB Series B device connector is located on Rear panel for USB control. Refer to Fig.7-5
and Table 7-2.

Pin Designator Description
1 2 1 VBUS +5VDC
2 D- Data -
3 4 3 D+ Data +
Fig.7-5: USB Connector 4 GND Interface com

Table 7-2: USB connector pin out
7.5.1 USB Getting Started

USB Cable (¥) b |
connect t?) 88 s
USB port [ —

The following steps will help you quickly get started connecting your USB-enabled instrument to
the Universal Serial Bus (USB):

1. Verify AC switch is OFF.

2. Connect Z* to the USB port on the computer.

3. Turn AC switch ON.

4. Download the USB driver from TDK-Lambda Technical Centre web page: https://www.emea.
lambda.tdk.com/uk/technical-centre/software-tools.aspx

(refer to Applications Guide, IA710-04-04_ for step-by-step installation procedure).

NOTE:

* Do not connect or disconnect the USB cable when the PS is operating.
* In case of USB Communication loss following steps should be applied:
1.Turn AC switch OFF 2. Close Z+ COM port
3.Turn AC switch ON 4. Open Z+ COM port

7.6 Multi Power Supply Connection to RS232 Or RS485 or USB

A Daisy-chain configuration of up to 31 units can be connected to RS232, RS485 or USB . The first

unit connects to the controller via RS232, RS485 or USB and other units are connected with a

RS485 bus. The user must set all slave power supplies to a unique address. No two power supplies

may have the same address.

1. First unit connection: Select communication Interface. Refer to section 7.2.3.

2. Other unit connections: The other units on the bus are connected via their RS485 interface.
Refer to Figures 7-6 and 7-7 for typical connections.

3. Using the Linking cable supplied with each unit (Refer to Fig.7-8), connect each unit OUT
connector to the next unit IN connector.

Rs232/485 RS485 Rs485 RS485

il P IN out IN out IN out N ouT
i POWER SUPPLY POWER SUPPLY POWER SUPPLY POWER SUPPLY
v # # # #31

Fig.7-6: Multi power supplies RS232/485 connection

uss Rs485 Rs485 Rs485
N out N out N out N ouT
* POWER SUPPLY POWER SUPPLY POWER SUPPLY POWER SUPPLY
t—« # #2 # #31

Fig.7-7: Multi power supplies USB connection
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NOTES:

It is recommended when using ten or more power supplies in Daisy-chain system to connect
120Q resistive termination at the last unit’s RS-485 out connector

120Q), 0.5W between TXD+ and TXD-.

120Q), 0.5W between RXD+ and RXD-.

| L=0.5m typ. |
1 8
AN 1
/s D }
8 1
8 PIN CONNECTOR (IN) 8 PIN CONNECTOR (OUT)
PIN NO. NAME PIN NO. NAME
HOUSING SHIELD HOUSING SHIELD
1 SG 1 SG
6 TXD- 6 RXD-
3 TXD+ 3 RXD+
5 RXD- 5 TXD-
4 RXD+ 4 TXD+

Fig.7-8: Serial link cable with RJ-45 shielded connectors (P/N: Z-RJ45)

7.7 GEN Protocol (GEN series communication language)

NOTE:
The address (ADR n) command must return an "OK"response before any other commands are accepted.

7.7.1 Data Format
Serial data format is 8 bit, one start bit and one stop bit. No parity bit.

7.7.2 End of Message

The end of message is the Carriage Return character (ASCII 13, 0x0D). The power supply ignores
the Line Feed (ASCII 10, 0x0A) character.

7.7.3 Command Repeat
The backslash character "\" will cause the last command to be repeated.

7.7.4 Checksum

The user may optionally add a checksum to the end of the command. The checksumis "$"followed
by two hex characters. If a command or a query has checksum, the response will also have one.
There is no CR between the command string and the “$” sign. Example: STT?$3A STAT?$7B

7.7.5 Acknowledge

The power supply acknowledges received commands by returning "OK” message. If an error is
detected, the power supply will return an error message. The rules for checksum also apply to
the acknowledge feature.

7.7.6 Backspace
The backspace character (ASCII 8) clears the last character sent to the power supply.

7.7.7 Error Messages

The power supply will return error messages for illegal commands and illegal programming
parameters. Refer to Table 7-3 for programming error messages and Table 7-4 for command error
messages.
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Error Code Description
EO1 Returned when program voltage (PV) is programmed above acceptable range.
Example: PV above 95% of OVP setting.
E02 Returned when programming output voltage below UVL setting.
E04 Returned when OVP is programmed below acceptable range.
Example: OVP value is less than 105% of voltage setting.
E06 Returned when UVL value is programmed above the programmed output voltage.
E07 Returned when programming the Output to ON during a latched fault shut down.
E08 Cannot execute command via Advanced Slave Parallel mode.

Table 7-3: Programming error messages

Error Code Description

Co1 lllegal command or query
02 Missing parameter

Co03 lllegal parameter

Co4 Checksum error

C05 Setting out of range

Table 7-4: Commands error messages

7.8 GEN Command Set Description

7.8.1 General guides
1. Any command or argument may be in capital letters or small letters.

2. In commands with an argument, a space must appear between the command and the
argument.

3. For any command that sets a numeric value, the value may be up to 12 characters long.

4. Carriage Return:If the CR character (ASCII 13) is received by itself, the power supply will respond

with "OK” and CR.

7.8.2 Command Set Categories

The command set is divided into four categories as follows:
Identification Commands
Initialization Commands
Output Commands

Auxiliary Commands
Status Commands

1

2

3.

4. Global Commands
5

6

7.

8.3 Identification Commands

Returns the power supply model identification as an ASCII string:
Default: "TDK-Lambda,ZX-Y" (one comma, no spaces)

DNz X = rated output voltage
Y = rated output current
REV? Returns the software version as an ASCII string. Current rev: "REV:1.0"
SN? Return power supply serial number. Up to 12 characters in any format.
DATE? Returns date of last calibration. Format "yyyy/mm/dd". Example "2009/12/17"
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7.8.4 Initialization Commands

Command Description
ADRn ADR is followed by address which can be 1to 31 and is used to access the power supply .
CLS Clear status. Sets FEVE and SEVE regjisters to zero.
Reset command. Brings the power supply to a safe and known state:
Output voltage: zero, Remote: non-latched remote,
RST Output current: zero,  Auto-start: Off,
Output: Off, OVP: maximum,
FOLD: Off, UVL: zero
The conditional registers (FLT and STAT) are updated, the other registers are not changed.
Sets the power supply to local or remote mode:
RMT 1.RMT 0 or RMT LOG, sets the power supply to Local mode.
2.RMT 1 or RMT REM, sets the unit to remote mode.
3.RMT 2 or RMT LLO, sets the unit to Local Lockout mode (latched remote mode).
Returns the Remote mode setting:
RMT? 1."LOC"-The unit is in Local mode.
’ 2."REM"-The unit is in Remote mode.
3."LLO"-The unit is in Local Lockout (latched remote) mode.
\ Repeat last command. If \<CR> is received, the power supply will repeat the last command.
7.8.5 Output Commands
Command Description
Sets the output voltage value in Volts. The range of voltage value is described in Table 7-5.
PVn The maximum number of characters is 12. See the following examples for PV n format: PV
200 or PV 200.00
PV? Reads the output voltage setting. Return 6 digit string.
MV? Reads the actual output voltage. Return 6 digit string.
’ Example: 650VDC supply sends 650.000
PCn Sets the output current value in Amperes. The range of current values are described in
(See Note 1) Tables 7-6, 7-7. The maximum number of characters is 12. See the following examples
for PC n format: PC 2.5 or PC 2.500
PC? Reads the output current setting. Returns 6 digit string.
mc? Reads the actual output current. Returns 6 digit string.
(See Note 2) Example: 2.6A supply sends 2.60000
Display Voltage and Current data. Data will be returned as a string of ASCII characters.
A comma will separate the different fields.
pvQ? The fields, in order, are: Measured Voltage, Programmed Voltage, Measured Current,
Programmed Current, Over Voltage Set point and Under Voltage Set Point.
Example: Z650-1.3: 600.000, 600.000, 1.00000, 1.00000, 630.0.000.0
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Command Description

OUTn Turns the output to ON or OFF. Recover from Safe-Start, OVP or FLD fault. OUT 1 (or OUT ON)-Turn On.

oUT? Returns the output On/Off status string.
ON- outputon.  OFF-output off.
Sets the Foldback protection to ON or OFF. Set bit in STAT register.

FLD n “FLD 1/CC"= Arm the CC Foldback protect'!on.
“FLD 2/CV"= Arm the CV Foldback protection
“FLD 0/OFF" = Cancel the Foldback protection
Returns the Fold back protection status string:

FLD? “CC"=Fold back CC is armed
“CV"=Fold back CV is armed
"OFF" = Fold back is canceled.

FBD nn Add (r.m x 0.1) seconds to the Fold Bgck Delay. This delay is in addition to the standard delay. The range
of nnis 0 to 255.The value is stored in eprom at AC power and recovered at AC power up.

FBD? Supply returns the value of the added Fold Back Delay.

FBDRST Reset the added Fold Back Delay to zero.
Sets the OVP level. The OVP setting range is given in Table 7-9. The number of characters after OVP is

OVP n up to 1?. The m'inirpum setting Ieyel is approx. 105% of the set output voltage, or thg value in.TabIe
7-9, whichever is higher. Attempting to program the OVP below this level will result in execution error
response ("E04"). The OVP setting stays unchanged.

oVP? Returns the setting "n” where "n"is the exact string in the user’s "OVP n". When in Local mode, returns
the last setting from the front panel in a 4 digit string.

OVM Sets OVP level to the maximum level. Refer to Table 7-9.

uv? Returns the under voltage mode UVP or UVL.

UVLn Sets Under Voltage Limit. Maximum value of "n" is 5% below PV setting, but returns "E06” if higher.
Refer to Table 7-10 for UVL programming range.
Returns the setting "n” where "n”is the exact string in the user’s "UVL n".When in Local

uvL? mode, returns the last setting from the front panel in a 4 digit string.
When UVP is activated, returns the setting

UVPn Sets Under Voltage Protection. Maximum value of "n” is 5% below PV setting, but returns "E06" if
higher. Refer to Table 7-10 for UVP programming range.

UVP? Returns the setting "n” where "n”is the exact string in the user’s "UVP n”.When in Local

' mode, returns the last setting from the front panel in a 4 digit string.

Sets the auto-restart mode to ON or OFF.

ASTn AST 1 (or AST ON)- Auto restart on.
AST 0 (or AST OFF)- Auto restart off.

AST? Returns the string auto-restart mode status.

SAV n Saves present settings to specified location in memory (n=1...4).

RCLn Recalls saved settings from specefied location in memory (n=1...4).

MODE? Returns the power supply operation mode. When the power supply is On (OUT 1) it will return "CV" or
"CC".When the power supply is OFF (OUT 0) it will return "OFF".

PMS n Sets the Master/Slave parallel operation mode of the power supply. n=H1..H6 (Master), n=SL (Basic
Mode Slave), n=ADSL (Advanced Mode Slave). (Refer to tables 5-2, 5-2.1).

PMS? Returns the Master/Slave setting. Master: H1..H6, Slave (Basic mode): S, Slave (Advanced mode): AD

NOTES:
1. InAdvanced Parallel mode (Refer to Sec. 5.5.3), "n"is the total system current.

2. InAdvanced Parallel mode, "MC?"returns the Master unit current multiplied by the number of
Slave units.

w

UVL? will return "C01"if UVP is activated and vice versa.

4. No command execution in Advance slave mode.
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7.8.6 Global Output Commands

General

Global commands can be received by all power supplies connected to the BUS, without individual
address commands. All power supplies will execute the command immediately. There is no
acknowledgment back to the PC when using global commands. A delay must be set of 20msec
after each global command. Error messages are not reported back to the issuing PC.

Reset. Brings the Power Supply to a safe and known state:
Output voltage: 0V, output current: 0A, OUT: Off, Remote: RMT 1, AST: Off, OVP:Max, UVL:0V.

GRST The conditional register (FLT and STAT) are updated. Other registers are not changed.
Non-Latching faults (FoldBack, OVP, SO, UVP) are cleared, OUT fault stays.

GPVn Sets the output voltage value in volts. The range of voltage values is shown in Table 7-5.’n" may be up to
12 char plus dec. pt

GPCn Program the output current value in amperes. The range of current values is shown in Tables 7-6, 7-7 and 7-8.

‘n"'may be up to 12 char plus dec. pt

Turns the output to ON or OFF:

"OUT 1/0ON"=turn on

GOUT "OUT 0/OFF"= turn off, clears CV and CC bits in the Status Condition (STAT).

OUT ON will respond with "E07’if the output cannot be turned on because of a latching fault (OTP, AC,
ENA, SO) shutdown.

Saves present settings to specified loction in memory (n=1...4). Same settings as power-down last
settings listed in table 5-7.

GSAV n

GRCLn Recall saved settings from specified location in memory (n=1...4).

Model Rated Output - .
Voltage (V) Minimum (V) Maximum (V)
160 000.000 160.000
320 000.000 320.000
650 000.000 650.000

Table 7-5: Voltage programming range and communication response format

NOTE:

The power supply can accept values higher by 5% than the table values, however it is not recommended
to program the power supply over the rated values.
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Model Minimum (A) Maximum (A) Model Minimum (A) Maximum (A)
160-1.3 0.00000 1.30000 160-2.6 0.00000 2.60000
320-0.65 0.00000 0.65000 320-1.3 0.00000 1.30000
650-0.32 0.00000 0.32000 650-0.64 0.00000 0.64000

Table 7-6: Z200 models Current programming range and

communication response format

Table 7-7: Z400 models Current programming range and
communication response format

NOTE:

The power supply canaccept values higher by 5% than the table values, however it is not recommended

to program the power supply over the rated values.

Model Rated Output - . Model Rated Output - .
Voltage (V) Minimum (V) | Maximum (V) Voltage (V) Minimum (V) | Maximum (V)
160 5 176 160 152
320 5 353 320 304
650 5 717 650 617.5

Table 7-9: OVP programming range and communication

response format

Table 7-10: UVL/UVP programming range and
communication response format

NOTE:

The UVP protection starts operating for values higher than 5% of Rated Output Voltage.
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7.8.7 Auxiliary Commands

SOP Sets SO polarity "SO 1/ON"-Positive (default), "SO 0/OFF"-Negative
SOP? Returns the SO polarity
RIE Remote Interlock (Inhibit) enable. "RIE 1/0ON"-Enable, "RIE 0/OFF"-Disable”
RIE? Returns Interlock enable status. "ON" -interlock enable, "OFF"-interlock disable.
FRST Factory reset command. This command cover *RST command and additional settings. Sets factory
default. This command breaks communication. Refer to Table 5-7.
MP? Reads the actual output power. Returns 5 digit string.
REL1 Set auxiliary programmed pin state J3-1.”REL1 1/0ON"- High, REL1 0/OFF"- Low
REL1? Response auxiliary programmed pin state J3-1.
REL2 Set auxiliary programmed pin state J3-6, "REL2 1/ON"- High, REL2 0/OFF"- Low
REL2? Response auxiliary programmed pin state J3-6
7.8.8 Status Commands

Refer to section 9.3.1, 9.3.2 for Register definitions.

# Command Description
Reads the complete power supply status.
Returns ASCII characters representing the following data, separated by commas:
1 ST MV<actual (measured) voltage>  PC<programmed (set) current>
’ PV<programmed (set) voltage> SR<status register, 4-digit hex>
MC<actual (measured) current>  FR<fault register, 4-digit hex>
Example response: MV(650.050),PV(650.050), MC(2.60000),PC(2.65000),SR(0030),FR(0000)
2 FLT? Reads Fault Conditional Register. Return 4-digit hex.
3 FENA Set Fault Enable Register using 4-digit hex.
4 FENA? Reads Fault Enable Register. Returns 4-digit hex.
5 FEVE? Reads Fault Event Register. Returns 4-digit hex. Clears bits of Fault Event Register.
6 STAT? Reads Status Conditional Register. Returns 4-digit hex.
7 SENA Sets Status Enable Register using 4-digit hex.
8 SENA? Reads Status Enable Register. Returns 4-digit hex.
9 SEVE? Reads Status Event register. Returns 4-digit hex. Clears bits of Status Event register.
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7.9 Serial Communication Test Set-Up
Basic set-up to test serial communication operation.

1. Equipment: PC with Windows Hyper Terminal, private edition, software installed, Z* power supply,
RS232 cable.

2. PCset-up: 2.1 Open Hyper Terminal........ccoeeee. New Connection.
2.2 Enteraname
2.3 CONNECE 0. uuvvvvveccrrimirirsensssssssssns Direct to Com1 or Com 2

2.4 Configure port properties:

Bits per second.......9600
Data bits

2.5 Open Properties in the program File........uueceevveeene Properties

2.6 Setting: ASCII Set Up

Select Echo characters locally, select send line ends with line feed.
On some PC systems, pressing the number keypad "Enter” will
distort displayed messages. Use the alphabetic "Enter” instead.

3. Power supply set-up:

3.1 Connect the power supply to the PC using the RS232 cable.
3.2 Set via the front panel: Baud Rate: 9600, Address: 06, RS232, GEN Language

4. Communication test:

4.1 Model identification:
PC: write: ADR 06
Power supply response: "OK"

4.2 Command test:

PC write: OUT 1

Power supply response: "OK"

PC write: PV n (for n values see Table 7-5)

Power supply response: "OK"

PC write: PC n (for n values see Tables 7-6, 7-7 and 7-8)
Power supply response: "OK"

The power supply should turn on and the display will indicate the output voltage
and the actual output current.

7.10 SCPI Protocol

NOTE:

Selecting the power supply (INSTrument:NSELect <address>) is necessary before using any other
command.

7.10.1 Data Format

Serial data format is 8 bit, one start bit and one stop bit. No parity bit.

7.10.2 End of Message

End of message is the Carriage Return character (ASCII 13) and the Line Feed (ASCII 10) character.

7.10.3 End of Command
End of command is Carriage Return character (ASCII 13) and/or the Line Feed (ASCII 10) character.
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7.10.4 Checksum

The user may optionally add a checksum to the end of the command.The checksum is “$"followed
by two hex characters. If a command or a query has checksum, the response will also have one.
There is no CR between the command string and the "$” sign.

7.10.5 SCPI Requirements

The power supply conforms to the following SCPI requirements:
SCPI common commands.

SCPI Command Tree.

Subsystem commands.

The ROOT level.

The power supply is powered On

A device clear (DCL) is sent to the power supply

The SCPI interface encounters a root specifier (;)
Questionable Status Register (QSR), Condition, Event, Enable
9. Operation Status Register (OSR), Condition, Event, Enable
10. Status Byte Register (SBR)

11. Standard Event Status Register (SESR)

12. Using the MIN and MAX Parameters.

13. Suffix and Multipliers.

14. Boolean data. 1|0 or ON | OFF

PNV A WD~

7.10.6 SCPI Command Hierarchy

SCPlis an ASClI-based command language designed for use in test and measurement equipment.
The command structure is organized around common roots, or nodes, which are the building
blocks of SCPI subsystems. An example of a common root is OUTPut, and some of the commands
that reside in the OUTPut subsystem are:

OUTPut
[:STATel<bool>
:PON
[:STATe]<bool>
:PROTection
:CLEar
:FOLDback
[:MODE]
A colon (:) is used to separate a command keyword from a lower-level keyword.

7.10.7 Header

Headers are instructions recognized by the power supply. Headers (which are sometimes known
as "keywords”) may be either in long or short form.

Long form The header is completely spelled out, such as VOLTAGE, STATUS, and DELAY
Short form The header has only the first three or four letters, such as VOLT, STAT, and DEL.

The SCPI interface is not sensitive to case. It will recognize any case mixture, such as TRIGGER,
Trigger, TRIGger. Short form headers result in faster program execution.
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7.10.8 Data Formats

Data Formats Description
Digits with an implied decimal point assumed at the right of the least-significant digit.

<NR1>
Examples: 256

<NR2> Digits with an explicit decimal point. Example: .0253

<NR3> Digits with an explicit decimal point and an exponent. Example: 2.73E+2

<NRf> Extended format that includes <NR1>, <NR2> and <NR3>. Examples: 273 273.1 2.73E2
Expanded decimal format that includes <NRf> and MIN MAX. Examples: 273,273.1, 2.73E2,

<NRf+> MAX. MIN and MAX are the minimum and maximum limit values that are implicit in the range
specification for the parameter.

<Bool> Boolean Data. Example: 0| 1 or ON | OFF

7.10.9 Character Data

<CRD> Character Response Data. Permits the return of character strings.

7.10.10 Commands Notes

Expressions enclosed in square brackets, [ ], are optional and entered without the [ or ].
Expressions enclosed in greater than/less than, < >, are programming values and entered
without the < or >.

The expression <SP> represents a one character ASCIl Space.

In all commands upper case characters can be interchanged with lower case characters.

7.11 SCPl Common Commands

Common commands begin with an * and consist of three letters (command) or three letters and a
? (query). Common commands are defined by the IEEE 488.2 standard to perform some common
interface functions.

*CLS

Clear Status command. Clears the entire status structure.

NOTE:
Execution time for this command 150mS

Meaning and Type Clear Status
Command Syntax *CLS
Parameters None
Query Syntax None
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*ESE

Standard Event Status Enable command. Modifies the contents of the Event Status Enable Register.

Meaning and Type Event Status Enable Device Status

Command Syntax ¥ESE <NRf>

Parameters 0to 255

Query Syntax *ESE?

Returned Parameters <NR1> 3digits

Bit Position 7 6 5 4 3 2 1 0
Bit Name PON 0 CME EXE DDE QYE 0 OPC
Bit Weight 128 64 32 16 8 4 2 1

CME = Command error; DDE = Device-dependent error; EXE = Execution error; OPC = Operation,
complete; PON Power-on; QYE = Query error

*ESR?

Standard Event Status Register query. Returns the contents of the Event Status Register.

Meaning and Type

Event Status

Device Status

Query Syntax

*ESR?

Returned Parameters

0 to 255 (Register Decimal value)

*IDN?

Identification query. Returns an identification string in the following format:‘Manufacturer, Model,
Serial number, Firmware level.

Meaning and Type

Identification System Interface

Query Syntax

*IDN?

Returned Parameters

Field Information
TDK-Lambda Manufacturer
Z Model

<Vrating>-<Irating>

Model ratings

25B1234

Serial number, typically 7 alpha-numeric characters

3.0-C1

Revisions, <Main firmware>-<LAN/IEEE firmware>

Example

TDK-Lambda,Z20-30,25B1234, 1.0-C1
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*OPC

Operation Complete command. Sets the Operation Complete bit in the Standard Event Status
Register if all commands and queries are completed.

Meaning and Type Operation Complete Device Status
Command Syntax *OPC

Parameters None

*OPC?

Operation Complete query. Returns ASCII1"as soon as all commands and queries are completed.

Meaning and Type Operation Complete Device Status
Query Syntax *oPC?

<NR1> ASClI 1 is placed in the Output Queue when the
power supply has completed operations.

Parameters

*OPT?
The options (OPT) query returns a comma-separated list of all of the instrument options currently
installed on the signal generator.

Parameter Option

0 NONE

1 |EEE

2 LAN

3 BOTH
Query Syntax *OPT?
Returned Parameters <CRD>
*PSC

The Power-On Status Clear (PSC) command controls the automatic power-on clearing of the
Service Request Enable Register, the Standard Event Status Enable Register, and device-specific
event enable registers.

e ON(1) - This choice enables the power-on clearing of the listed registers.
o OFF(0) - This choice disables the clearing of the listed registers and they retain their status
when a power-on condition occurs.

Meaning and Type Power-on Status Clear Device Initialization
Command Syntax *PSC <bool>

Parameters 0| 1| OFF |ON

Example *PSCO*PSC 1

Query Syntax *PSC?

Returned Parameters <NR1>0]1
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*RCLn

Restores the power supply to a state previously stored in memory by *SAV command. Refer to
Table 5-7.

Command Syntax *RCL <NRT>
Parameters 1to4
Exmple *RCL3
*RST

This command resets the power supply to a defined state as shown in Table 5-7. *RST also forces
an ABORt command.

Command Syntax *RST
Parameters None
*SAV n

The SAV command saves all applied configuration setting. Refer to Table 5-7.

Command Syntax *SAV <NR1>
Parameters 1to4
Query Syntax None
*SRE

Service Request Enable command. Modifies the contents of the Service Request Enable Register.

Meaning and Type Service Request Enable Device Interface
Command Syntax *SRE <NRf>

Parameters 0to 255

Default Value See *PSC

Example *SRE 20

Query Syntax *SRE?

Returned Parameters <NR1> (Register binary value) 3digits
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*STB?

Status Byte query. Returns the contents of the Status Byte Register.

Meaning and Type

Status Byte Device Status

Query Syntax

*STB?

Returned Parameters

<NRT> (Register binary value)

Bit Position 7 6 5 4 3 2 0

Condition OPER MSS ESB MAV QUES SYS BSY
(RQS)

Bit Weight 128 64 32 16 8 4 1

ESB = Event status byte summary; MAV = Message available

MSS = Master status summary; OPER = Operation status summary;

QUES = Questionable status summary; RQS = Request for service

Table 7-11: Bit Configuration of Status Byte Register

*TRG

The Trigger command starts the waveform when the trigger source is set to BUS.

Meaning and Type Trigger Device Trigger
Command Syntax *TRG

Parameters None

Query Syntax None
ABORt

Resets the trigger system and places the power supply in an IDLE state without waiting for the

completion of the trigger cycle.

Command Syntax ABORt
Parameters None
Example ABOR
Query Syntax None
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7.12 SCPI Subsystem Commands

Subsystem commands are specific to power supply functions. They can be a single command
or a group of commands. Groups are comprised of commands that extend one or more levels
below the root.

Commands followed by a question mark (?) take only the query form. Except as noted in the syntax
descriptions, all other commands take both the command and query form.

7.12.1 Output Subsystem

OUTPut

This command enables or disables the power supply output. When output is turned off, voltage
display shows "0FF".

SCPI Command Syntax OUTPut[:STATe] <bool>
GEN Command Syntax OUT <bool>
Parameters O[OFF  1|ON

*RST Value OFF

Examples OUTP 1 OUTP:STAT ON
Query Syntax OUTPut[:STATe]?
Returned Parameters 0|1

OUTPut:PONI[:STATe]

o AUTO - The power supply output will return to its previous value when the latching fault
condition is removed or to the stored value after AC recycle.
o SAFE - The power supply output will remain Off after the fault condition is removed or after

AC recycle.
SCPI Command Syntax OUTPut:PON[:STATe] <bool>
GEN Command Syntax AST <bool>
Parameters O|OFF 1|ON
*RST Value OFF
Examples OUTPut:PON 1
Query Syntax OUTPut:PON[:STATe]?
Returned Parameters o1

OUTPut:PROTection:CLEar

This command clears the latch that disables the output when an over voltage (OVP), under voltage
(UVP), or foldback (FOLD) fault condition is detected. All conditions that generate a fault must
be removed before the latch can be cleared. The output is then restored to the state before the
fault condition occurred.

SCPI Command Syntax OUTPut:PROTection:CLEar
GEN Command Syntax None
Parameters None
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OUTPut:PROTection:FOLDback

Foldback mode is used to disable the output when a transition is made between the operation
modes. The power supply will turn off the output after a specified delay if the power supply makes
transition into CV mode or into CC mode. This feature is particularly useful for protecting current
or voltage sensitive loads.

SCPI Command Syntax OUTPut:PROT:FOLDback:MODE] <CRD>
GEN Command Syntax FLD <CRD>

Parameters OFF|0, CC|1, CV|2.

*RST Value OFF

Examples OUTPut:PROT:FOLDback[:MODE] CC
Query Syntax OUTPut:PROT:FOLDback[:MODE]?
Returned Parameters <CRD>

OUTPut:PROTection:DELay

Sets the delay time between the programming of an output change that produces a CV or CC
status condition. This command applies to UVP and Foldback functions.

SCPI Command Syntax OUTPut:PROTection:DELay <NRf+>
GEN Command Syntax FBD

Parameters 0.1 to 25.5|MIN|MAX (step 0.1s)
Unit S (second)

*RST Value 0mS

Examples OUTPut:PROTection:DELay 2E-1
Query Syntax OUTPut:PROTection:DELay?
Returned Parameters <NR3>

OUTPut:ILC:MODE

Selects the mode of operation of the Remote Inhibit protection. In OFF mode the power supply
ignores J3-4 (ILC) status.

SCPI Command Syntax

OUTPut:ILC:MODE <CRD>

GEN Command Syntax RIE

Parameters 0|OFF 1|ON

*RST Value OFF

Examples OUTPut:ILC:MODE ON
Query Syntax OUTPut:ILC:MODE?

Returned Parameters

ON/OFF
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OUTPut:TTLTrg:MODE

Sets the operation of the Trigger Out signal to either OFF, Function Strobe or Trigger mode.

Programming Mode NONE, FIX:

o In TRIG mode, trigger is generated when output status changes.

e In Function Strobe mode, an output pulse is generated automatically any time an output
parameter such as output, voltage or current is programmed.

Programming modes LIST or WAVE:

* InTRIG mode, trigger is generated when LIST or WAVE is completed.
o InFunction Strobe mode, an output pulse is generated automatically any time a step is completed.
The power supply Trigger Out signal is available at J3-3 connector on the rear panel.

SCPI Command Syntax

OUTPut:TTLTrg:MODE <CRD>

GEN Command Syntax None

Parameters TRIG| FSTR|OFF

*RST Value OFF

Examples OUTP:TTLT:MODE TRIG
Query Syntax OUTP:TTLT:MODE?
Returned Parameters <CRD>

OUTPut:RELay1(2):STATe

Sets pin J3-1 (1) and J3-6 (2) state. The ON parameter is according to low level.

SCPI Command Syntax

OUTPut:RELay1(2)[:STATe] <bool>

GEN Command Syntax REL1(2) <bool>

Parameters 0|OFF 1|ON

*RST Value 1

Examples OUTP:REL1(2) 1 OUTP:REL1(2) ON
Query Syntax OUTPut:REL1(2)[:STATe]?

Returned Parameters

of1

OUTPut:MODE?

Returns the power supply operation mode. When the power supply is On (OUT 1) it will return
"CV"or "CC". When the power supply is OFF (OUT 0) it will return "OFF".

SCPI Query Syntax OUTPut:MODE?
GEN Query Syntax MODE?
Returned Parameters <CRD> CV|CC|OFF
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7.12.2 Instrument Subsystem
The subsystem programs one or more power supplies. <NR1> from 1 to 31.

INSTrument:COUPle

SCPI Command Syntax INSTrument:COUPle <CRD>
GEN Command Syntax None
Parameters ALL|NONE

INSTrument:NSELect

SCPI Command Syntax INSTrument:NSELect <NRf>
GEN Command Syntax ADR n (single address)
Examples INSTrument:NSELect 6
Query Syntax INSTrument:NSELect?

7.12.3 Voltage Subsystem

VOLTage

Sets the output voltage value in Volts. The range of voltage values are described in Table 7-5. The
maximum number of characters is 12.

SCPI Command Syntax

[SOURce]:VOLTage[:LEVel] [:IMMediate][:AMPLitude] <NRf+>

GEN Command Syntax PV < NRf+> PV?
Default Suffix v
*RST Value 0
Examples :\VOLT 500 MV VOLT:LEV 234.56789
J . | H . R b
Query Syntax [SOURce]:VOLTage[:LEVel][:IMMediate][:AMPLitude]?

VOLTage? MAX VOLTage? MIN

Returned Parameters

<NR3> VOLT? returns the present programmed voltage level.
VOLT? MAX and VOLT? MIN returns the maximum and minimum programmable

voltage levels.

VOLTage:MODE

This command selects FIX, LIST, WAVE subsystems control over the power supply output voltage.

SCPI Command Syntax

[SOURce]:VOLTage:MODE <CRD>

GEN Command Syntax None

Parameters NONE | FIXed | LIST | WAVE

*RST Value NONE

Examples VOLT:MODE LIST VOLT:MODE FIX
Query Syntax [SOURce]:VOLTage:MODE?

Returned Parameters

NONE | FIX | LIST | WAVE
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NOTE:

VOLT:MODE LIST and WAVE is an implied ABORT command. WAVE mode cannot be programmed

simultaneously for both Voltage and Current. Only the last sent command can be accepted as WAVE.
Previous mode reverts to NONE.

VOLTage:PROTection:LEVel

Sets the OVP level. The OVP setting range is given in Table 7-9. The number of characters after OVP
is up to 12. The minimum setting level is approx. 105% of the set output voltage, or the value in
Table 7-9, whichever is higher.

SCPI Command Syntax [SOURce]:VOLTage:PROTection:LEVel <nn.nn|MAX>
GEN Command Syntax OVP < NRf+>
Default Suffix v
*RST Value MAX
Examples VOLT:PROT:LEV 2.5
Query Syntax [SOURce]:VOLTage:PROT:LEV?
Yoy VOLT:PROT:LEVel? MIN  VOLT:PROT:LEVel? MAX
<NR3> VOLT:PROT:LEV? returns presently programmed OVP level. VOLT:PROT:LEV?
Returned Parameters MAX and VOLT:PROT:LEV? MIN return the maximum and minimum programmable
OVP levels.
NOTE:

VOLT:PROT:LEV MIN set OVP level 5% above voltage set value

VOLTage:PROTection:LOW:STATe

Sets the under voltage protection (UVP) status of the power supply. If the UVP status selected,
then the under voltage protection is enabled.

SCPI Command Syntax [SOURce]:VOLTage:PROTection:LOW:STATe <CRD>
GEN Command Syntax UVL < NRf+>, UVP < NRf+>

Parameters UVL|UVP

*RST Value uvL

Examples VOLT:PROT:LOW:STAT UVP

Query Syntax [SOURce]:VOLTage:PROTection:LOW :STATe?
Returned Parameters UVP|UVL
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VOLTage:PROTection:LOW
Sets the under voltage protection (UVP) level of the power supply.

SCPI Command Syntax

[SOURce]:VOLTage:PROTection:LOW <NRf+>

GEN Command Syntax UVL < NRf+> , UVP < NRf+>

Default Suffix v

*RST Value 0

Examples VOLT:PROT:LOW 2.5  VOLT:PROT:LOW MAX
. . i . ?

Query Syntax [SOURce]:VOLTage:PROTection:LOW [:LEVel]?

VOLT:PROT:LOW? MIN; VOLT:PROT:LOW? MAX

<NR3> VOLT:PROT:LOW? returns presently programmed UVP level.
VOLT:PROT:LOW? MAX and VOLT:PROT:LOW? MIN returns the maximum
and minimum programmable UVP levels.

Returned Parameters

NOTE:
VOLT:PROT:LOW MAX set UVP level maximum 5% below voltage value

VOLTage:TRIGger

Programs the pending triggered voltage level of the power supply. The pending triggered voltage
level is a stored value that is transferred to the output terminals when a trigger occurs.

SCPI Command Syntax [SOURce]:VOLTage[:LEVel]:TRIGger [:AMPLitude] <NRf+>

GEN Command Syntax None

Default Suffix v

Examples VOLT:TRIG 1200 MV VOLT:LEV:TRIG 1.2

Query Syntax [SOURce]:VOLTage[:LEVel]:TRIGger [:AMPLitude]?

<NR3> VOLT:TRIG? returns the presently programmed voltage level.

Returned Parameters If the VOLT:TRIG level is not programmed, the default value is OV.

7.12.4 Current Subsystem
This subsystem programs the output current of the power supply.
CURRent

Sets the output current value in Amperes. The range of current values are described in Tables 7-6,
7-7 and 7-8. The maximum number of characters is 12.

SCPI Command Syntax

[SOURce]:CURRent[:LEVel] :IMMediate][:AMPLitude] <NRf+>

GEN Command Syntax PC <NRf+> PC?
Default Suffix A
*RST Value 0
Examples CURR 500 MA CURR:LEV .5
. . . H . H ?
Query Syntax [SOURce]:CURRent[:LEVel][:IMMediate][:AMPLitude]?

[SOURce]:CURRent? MAX  [SOURce]:CURRent? MIN

Returned Parameters

<NR3> CURR? returns the present programmed current level.
CURR? MAX and CURR? MIN returns the maximum and minimum programmable
current levels.
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CURRent:MODE
This command selects FIX, LIST, WAVE subsystems control over the power supply output current.

SCPI Command Syntax [SOURce]:CURRent:MODE <CRD>
GEN Command Syntax None

Parameters NONE | FIXed | LIST | WAVE

*RST Value NONE

Examples CURR:MODE LIST CURR:MODE FIX
Query Syntax [SOURce]:CURRent:MODE?
Returned Parameters NONE | FIX | LIST | WAVE

CURRent:TRIGger

Programs the pending triggered current level of the power supply. The pending triggered current
level is a stored value that is transferred to the output terminals when a trigger occurs.

SCPI Command Syntax [SOURce]:CURRent[:LEVel]:TRIGger[:AMPLitude] <NRf+>

GEN Command Syntax None

Default Suffix A

Examples CURR:TRIG 3200 MA CURR:LEV:TRIG 3.2

Query Syntax [SOURce]:CURRent[LEVel]:TRIGger [:AMPLitude]?

<NR3> CURR:TRIG? returns the presently programmed triggered level. If no

Returned Parameters triggered level is programmed, the CURR level is returned.

NOTE:

CURR:MODE LIST and WAVE are an implied ABORt command. Only the last sent command can be
accepted as WAVE or LIST. Previous mode reverts to NONE.

7.12.5 Measure Subsystem

This subsystem reads the actual voltage and current. The power is a result of multiplying voltage
and current measurements.

MEASure:CURRent?
Reads the measured output current. Returns a 6 digit string.

SCPI Command Syntax MEASure:CURRent?
GEN Command Syntax mc?

Parameters None

Default Suffix A

Returned Parameters <NR3>
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MEASure:VOLTage?
Reads the measured output voltage. Returns a 6 digit string.

SCPI Command Syntax MEASure:VOLTage?
GEN Command Syntax Mv?

Parameters None

Default Suffix %

Returned Parameters <NR3>

MEASure:POWer?

Reads the measured output power. Returns a 6 digit string.

SCPI Command Syntax MEASure:POWer?
GEN Command Syntax MP?

Parameters None

Default Suffix w

Returned Parameters <NR3>

7.12.6 DISPlay Subsystem

DISPlay:STATe

Turns front panel voltage and Current display toggle On or Off.

SCPI Command Syntax

DISPlay[:WINDow]:STATe <bool>

GEN Command Syntax none

Parameters 0|OFF 1|ON

Examples DISP:STAT 1 DISP:STAT OFF
Query Syntax DISPlay[:WINDow]:STAT?

Returned Parameters

0J1

DISPlay:FLASh

Makes front panel voltage and Current displays flash.

SCPI Command Syntax

DISPlay[:WINDow]:FLASh <bool>

GEN Command Syntax none
Parameters 0|OFF 1|ON
Examples DISP:FLASh 1 DISP:FLASh OFF
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7.12.7 INITiate Subsystem

INITiate
Enables the trigger subsystem. If a trigger circuit is not enabled, all trigger commands are ignored.

SCPI Command Syntax INITiate[:MMediate]
GEN Command Syntax None

Parameters None

Examples INIT:IMM

Query Syntax None
INITiate:CONTinuous

o INIT:CONT 0 - Enables the trigger subsystem only for a single trigger action. The subsystem
must be enabled prior to each subsequent trigger action.
o INIT:CONT 1 - Trigger system is continuously enabled and INIT is redundant.

SCPI Command Syntax INITiate:CONTinuous <bool>
Parameters O0|OFF 1|ON
Examples INIT:CONT 1 INIT:CONT ON
Query Syntax INITiate:CONTinuous?
Returned Parameters 0|1

NOTE:

When power supply isin INIT:CONT ON mode, it'simpossible to change any programming parameter.
Display shows "Err". Send ABORt commands to allow parameter change.

7.12.8 LIST Subsystem
This subsystem receives parameters to create a step waveform of the output voltage or current.

NOTE:

All list subsystem commands (as well as CURR:MODE LIST and VOLT:MODE LIST) are implied ABORt
commands.

LIST:COUNt

Sets the number of times that the list is executed before it is completed. The command accepts
parameters in the range 1 through 9999, but any number greater than 9999 is interpreted as
INFinity. Use INF if you wish to execute a list indefinitely.

SCPI Command Syntax [SOURce]:LIST:COUNt <NR1>

Parameters 1109999 | INFinity

*RST 1

Examples LIST:COUN 3 LIST:COUN INF

Query Syntax [SOURCce]:LIST:COUNt? (if count>9999 the response is INF)

Returned Parameters

<NR1>
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LIST:CURRent

Specifies the output current pointsin a list. The current points are given in the command parameters,
which are separated by commas.

SCPI Command Syntax

[SOURce]:LIST:CURRent <NRf+> {,<NRf+>}

Default Suffix A
Examples LIST:CURR 2.5,3.0,3.5 LIST:CURR MAX,2.5,MIN up to 12 parameters
Query Syntax LIST:CURRent?

Returned Parameters

2.53.03.5

LIST:LOAD

Loads from memory LIST type. Type voltage/current values, dwell values, STEP parameter and
counter specified in stored numbers <1..4>

SCPI Command Syntax

[SOURce]LIST:LOAD <NR1>

Examples

LIST:LOAD 3

LIST:DWELI

Specifies the time interval that each value (point) of a list is to remain in effect.

SCPI Command Syntax

[SOURce]:LIST:DWELI <NRf+> {,<NRf+>}

Range 0.001 to 129,600 seconds
Default Suffix S
Examples LIST:DWEL .6,1.5,15,.4 up to 12 parameters

Related Commands

CURR:MODE LIST:COUN LIST:CURR LIST:STEP
LIST:VOLT VOLT:MODE

Query Syntax

LIST:DWEL?

Returned Parameters

6,1.5,1.5,4

LIST:STEP

Determines if a trigger causes a list to advance only to its next point or to sequence through all

the points.

o LIST:STEP AUTO-When triggered, it creates waveforms consecutively, until the listis completed.
o LIST:STEP ONCE - When triggered, it executes one step from the list.

SCPI Command Syntax [SOURce]:LIST:STEP <CRD>
Parameters AUTO | ONCE

*RST AUTO

Examples LIST:STEP ONCE

Query Syntax [SOURce]:LIST:STEP?
Returned Parameters AUTO | ONCE
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LIST:VOLTage

Specifies the output voltage pointsin a list. The voltage points are given in the command parameters,
which are separated by commas.

SCPI Command Syntax [SOURCce]:LIST:VOLTage <NRf+> {,<NRf+>}

Default Suffix v

Examples LIST:VOLT 2.0,2.5,3.0 LIST:VOLT MAX,2.5,MIN up to 12 parameters
Query Syntax LIST:VOLT?

Returned Parameters 2.0,253.0

LIST:STORe

Saves data under specified numbers <1..4> of the last LIST typed (voltage or/and current, dwell
time, STEP parameter and counter).

SCPI Command Syntax [SOURce]LIST:STORe <NR1>

Example LIST:STORe 3

7.12.9 STATus Subsystem
Refer to Fig. 9-1 for more details.
STATus:OPERation:EVENt?

This query returns the value of the Event register. This is a read-only register that receives data from
the Condition register according to Enable register setting. Reading the Event register clears it.

SCPI Command Syntax STATus:OPERation:EVENt?
GEN Command Syntax SEVE?
Parameters None

Returned Parameters

<NRT> (Register Value) decimal

Examples

STAT:OPER:EVEN?

STATus:OPERation:CONDition?

Returns the value of the Condition register, which is a read-only register that holds the real-time
(unlatched) operational status of the power supply.

SCPI Command Syntax

STATus:OPERation:CONDition?

GEN Command Syntax

STAT?

Parameters

None

Returned Parameters

<NR1> (Register Value) decimal

Examples

STAT:OPER:COND?
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STATus:OPERation:ENABle

Sets the value of the Enable register. This register is a mask for enabling specific bits from the
Condition register to the Event register.

SCPI Command Syntax STATus:OPERation:ENABle <NRf>

GEN Command Syntax SENA nnnn, SENA?

Parameters 0...7FFF

Returned Parameters <NRT> (Register Value) decimal

Default Value 0

Query Syntax STATus:OPERation:ENABIe?

Examples STAT:OPER:ENAB 1312 STAT:OPER:ENAB 1

STATus:QUEStionable[:EVENt]?

This query returns the value of the Event register. It is a read-only register that receives data from
the Condition register according to Enable register setting. Reading the Event register clears it.

SCPI Command Syntax STATus:QUEStionable[:EVENt]?
GEN Command Syntax FLT?

Parameters None

Returned Parameters <NRT> (Register Value) decimal
Examples STAT:QUES:EVEN?

STATus:QUEStionable:CONDition?

Returns the value of the Condition register, which is a read-only register that holds the real-time
(unlatched) operational status of the power supply.

SCPI Command Syntax STATus:QUEStionable:CONDition?
GEN Command Syntax FEVE?

Parameters None

Returned Parameters <NRT> (Register Value) decimal
Examples STAT: QUES: COND?

STATus:QUEStionable:ENABIle

Sets the value of the Enable register. This register is a mask for enabling specific bits from the
Condition register to the Event register.

SCPI Command Syntax STATus:QUEStionable:ENABle <NRf>
GEN Command Syntax FENA nnnn

Parameters 0to 32727

Returned Parameters <NRT> (Register Value) decimal
Default Value 0

Query Syntax STATus: QUEStionabl:ENABIe?
Examples STAT:QUES:ENAB 18
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SYSTem:ERRor:ENABIe
Enables Error messages.

SCPI Command Syntax SYSTem:ERRor:ENABIe
GEN Command Syntax None
Parameters None
Returned Parameters None

SYSTem:ERRor?

Returns the next error number and corresponding error message in the power supply error queue.
Works as FIFO. When no error exists 0, “No error”is returned.

SCPI Command Syntax SYSTem:ERRor?

GEN Command Syntax None

Parameters None

Returned Parameters <NR1>,<CRD>
Example SYST:ERR?
SYSTem:LANGuage

SCPI Command Syntax SYSTem:LANGuage GEN
GEN Command Syntax None

Query Syntax SYSTem:LANGuage?
Returned Parameters SCPI

SYSTem:REMote

Sets the power supply to local or remote mode.

SCPI Command Syntax

SYSTem:REMote[:STAte] <CRD>

GEN Command Syntax RMT

Parameters LOC/O|REM/1|LLO/2
*RST Value LOC

Example SYST:REM REM
Query Syntax SYST:REM?
Returned Parameters LOC|REM|LLO
SYSTem:VERSion?

SCPI Command Syntax SYSTem:VERSion?
GEN Command Syntax REV?

Returned Parameters Rev:<CRD>
Example Rev:1.010
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SYSTem:DATE?

SCPI Command Syntax SYSTem:DATE?

GEN Command Syntax DATE?

Query Syntax SYSTem:DATE?
Returned Parameters <CRD> yyyy/mm/dd

SYSTem:PON:TIME?
Time measured from first power On.

SCPI Command Syntax SYSTem:PON:TIME?
Parameters Minute

Example 6534

Returned Parameters <NRT>

7.12.11 TRIGger Subsystem

NOTE:
TheTrigger subsystem must be enabled from the Initiate subsystem or no triggering action will occur.

TRIGger

When theTrigger subsystem is enabled, TRIG generates an immediate trigger signal that bypasses
selected TRIG:DEL.

SCPI Command Syntax TRIGger[:STARt][:IMMediate]
GEN Command Syntax None

Parameters None

TRIGgger:DELay

Sets the time delay between the detection of an event on the specified trigger source and the
start of any corresponding trigger action on the power supply output.

SCPI Command Syntax TRIGger[:STARt]:DELay <NRf+>
GEN Command Syntax None

Default Suffix S

*RST Value 0

Examples TRIG:DEL .25 TRIG:DEL MAX
Query Syntax TRIGger[:STARt]:DELay?
Returned Parameters <NR3>
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TRIGger:SOURce

Selects the power supply input trigger source as follows:
e BUS (*TRG & TRIG) and Front Panel
o EXT Mainframe backplane Trigger IN PIN

SCPI Command Syntax TRIGger[:STARt]:SOURce <CRD>
GEN Command Syntax None

Parameters BUS | EXTernal

*RST Value EXTernal

Examples TRIG: SOUR BUS

Query Syntax TRIGger[:STARt]:SOURce?
Returned Parameters BUS | EXT

7.12.12 WAVE Subsystem
This subsystem receives parameters to create a sloped waveform of the output voltage or current.
WAVE:COUNt

Sets the number of times that the list is executed before it is completed. The command accepts
parameters in the range 1 through 9999. Any number greater than 9999 is interpreted as INFinity.
Use INF if you wish to execute a list indefinitely.

SCPI Command Syntax

[SOURce]:WAVE:COUNt <NRf+>

Parameters 1109999 | INFinity

*RST 1

Examples WAVE:COUN 3 WAVE:COUN INF

Query Syntax [SOURce]:WAVE:COUNt? (if count>9999 the response is INF)

Returned Parameters

<NR3>

WAVE:CURRent

This command specifies the output current points in a waveform list. The current points are given

in the command parameters, which are separated by commas.

SCPI Command Syntax

[SOURce]:WAVE:CURRent <NRf+> {,<NRf+>}

Default Suffix A

Examples WAVE:CURR 2.5,3.0,3.5 up to 12 parameters
Query Syntax WAVE:CURR?

Returned Parameters <NR3>

WAVE:LOAD

Loads Voltage or Current, Time, STEP parameter and counter values to a specific location in the

memory defined by numbers <1..4>.

SCPI Command Syntax

[SOURce]WAVE:LOAD <NR1>

Example WAVE:LOAD 3
Query Syntax none
Returned Parameters 1.4
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WAVE:STEP

o WAVE:STEP AUTO -When triggered, creates waveforms consecutively, until the wave is completed.
o WAVE:STEP ONCE - When triggered, it executes one step from the list.

SCPI Command Syntax [SOURce]WAVE:STEP <CRD>
Example WAVE:STEP AUTO

Query Syntax [SOURce]:WAVE:STEP?
Returned Parameters AUTO | ONCE

WAVE:STORe

Stores Voltage or Current, Time, STEP parameter and counter values to specific location in the
memory defined by numbers <1..4>.

SCPI Command Syntax [SOURce]WAVE:STORe<NF1>
Example WAVE:STORe 3
WAVE:TIME

Sets the slope time of the waveform.

SCPI Command Syntax

[SOURce]:WAVE:TIME <NRf1> {,<NRf1>}

Range 0.001 to 129,600 seconds

Default Suffix S

Examples WAVE:TIME .6,1.5,1.5,.4 up to 12 parameters
Query Syntax WAVE:TIME?

Returned Parameters 6,1515,4

WAVE:VOLTage

Specifies the output voltage points in a waveform list.

SCPI Command Syntax

[SOURce:WAVE:VOLTage <NRf+> {,<NRf+>}

Default Suffix v
Examples WAVE:VOLT 2.5,3.0,3.5 WAVE:VOLT MAX,2.5MIN up to 12 parameters
Query Syntax WAVE:VOLT?

Returned Parameters

MAX,2.5,MIN

7.12.13 Global Subsystem
Global Commands General

o Power supplies acting upon Global Commands need not be a currently addressed supply.

o All power supplies attached to the Interface must be capable of accepting Global Commands.
o No messages, OPC or Not Busy will be returned to the HOST PC after a Global Command has
been issued. The Busy Bit of the Status Byte will be set to 0 after this command is issued.

o ltwillbe theresponsibility of the User Software to add a 20mS delay after each Global Command

is issued and before any other command can be issued.
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Command Name Description SCPI Format GEN Format Re;::::; m
Enable all Outputs | Output On to lastV GLOBal:OUTPut:STATe 1|ON GOUT 1 None
&1 levels
Disable all Outputs | Turn outputs Off to GLOBal:OUTPut:STATe O|OFF GOUTO None
zeroV &l
Program all Voltages | Set all power supply | GLOBal:VOLTage:[AMPLitude] xxx.yy | ~ GPV xxx.yy None
output voltage
Program all Currents | Set all power supply | GLOBal:CURRent:[AMPLitude] xxx.yy | ~ GPCxxx.yy None
output current
Save Settings of all Same as *SAV n GLOBal:*SAV <NR1> GSAV n None
power supplies
Recall Settings of all Same as *RCLn GLOBal:*RCL <NR1> GRCLn None
power supplies
Reset all supplies Same as *RST GLOBal:*RST GRST None
Table 7-12: Global Commands
7.13 Command Summary
Common Commands
SCPI Command Description GEN Command
*CLS Clear status CLS
*ESE <NRf> Standard event status enable <NC>
*ESE? Return standard event status enable <NC>
*ESR? Return event status register <NC>
*IDN? Return instrument identification string IDN?
*OPC Set "operation complete” bit in ESR <NC>
*OPC? Return a 1" when operation command complete  <NC>
*OPT? Return option number <NC>
*PSC {110} Power - ON status enable (1) /disable (0) <NC>
*PSC? Power - ON status clear <NC>
*RCL{1]23]4} Recalls a saved instrument state RCL
*RST Reset RST
*SAV {1]2/3]4} Saves an instrument state SAV
*SRE <NRf> Set service request enable register <NC>
*SRE? Return service request enable register <NC>
*STB? Return status byte <NC>
*TRG Trigger <NC>
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Subsystem Commands
SCPI Command

ABORt
DISPlay
[:WINDow]:STATe <bool>
[:WINDow]:FLASh <bool>
GLOBal
:CURRent
:[AMPLitude] <NRf+>
:\VOLTage
:[AMPLitude] <NRf+>
:OUTPut:STATe <bool>
*RCL{1]2/3]4}
*RST
*SAV {1]2|3]4}
INITiate
[IMMediate]
:CONTinuous <bool>
INSTrument
:COUPle ALL|NONE
:NSELect <NRf>
MEASure
:CURRent[:DC]?
:VOLTage[:DC]?
:POWer[:DC]?
OUTPut
[:STATe] <Bool>
:PON
[:STATe] <bool>
:PROTection
:CLEar
:FOLDback
[:MODE] OFF|CC|CV
:DELay <NRf+>
ALC
:MODE <bool>
TTLTrg
:MODE OFF|FSTR|TRIG

Description

Aborts the triggered action

Display ON/OFF

Display Flash

Set the output current for all power supplies
Set the output voltage for all power supplies
Enables/disables the all power supplies output
Recall setting for all power supplies

Reset all power supplies

Save settings for all power supplies

Trigger initiate

Enable/disable continuously trigger

Couple for all Z* power supplies

Select the power supply for communication
Returns the measured output current
Returns the measured output voltage
Returns the measured output power
Enables/disable the supply output
Programs the Power-ON state

Resets latched protection

Set operation protection mode

Set protection delay

Enables/disable analog output ON/OFF control

Set output trigger mode
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<NC>

<NC>

<NC>

GPC

GPV

GOUT

GRCL

GRST

GSAV

<NC>
<NC>

<NC>
ADR

MQ?

Mv?

MP?

ouT(?]

AST[?]

FLD[?]
FBD[?]

RIE[?]

<NC>




RELay {12}
[:STATe] <bool>
:MODE?
[SOURce]
:CURRent
[:LEVel]
[IMMediate]
[:AMPLitude] <NRf+>
‘TRIGger <NRf+>
:MODE NONE|FIX|LIST|WAVE
:VOLTage
[:LEVel]
[IMMediate]
[:AMPLitude] <NRf+>
‘TRIGger <NRf+>
:PROTection
:LEVel <NRf+>
:LOW
:STATe UVP|UVL
:[LEVel] <NRF+>
:MODE NONE|FIX|LIST|WAVE
LIST
:COUNt{0...9999,Inf}
:CURRent <NRf+>
‘LOAD {1]2/3]4}
:STEP ONCE|AUTO
:STORe {1/2|3|4}
:DWELI <NRf+>
:VOLTage <NRf+>
‘WAVE
:COUNt {1...9999,Inf}
:CURRent <NRf+>
:LOAD {1]2/3]4}
:STEP ONCE|AUTO
:STORe {1/2|3|4}
‘TIME <NRf+>
:VOLTage <NRf+>

Set control pins status
Returns the operation mode CV/CC/OFF

[:AMPLitude] <NRf+> Set the output current
Set the triggered output current

Select arbitrary trigger control mode

Set the output voltage
Set the triggered output voltage

Set over-voltage protection level

Set under-voltage limit or protection mode
Set under-voltage leve

Select arbitrary control mode

Set number of time execution

Set output current points

Load stored LIST program from memory
Set trigger depends execution step
Store LIST program in memory

Set time interval

Set output voltage points

Set number of time execution

Set output current points

Load stored WAVE program from memory
Set trigger depends execution step
Store WAVE program in memory

Set slope time

Set output voltage points
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REL{1[2)(?]
MODE?

PC[?]
<NC>
<NC>

PV[7]
<NC>

OVP[?],0VM

uv?(¥*)
UVPUVL
<NC>

<NC>
<NC>
<NC>
<NC>
<NC>
<NC>
<NC>

<NC>
<NC>
<NC>
<NC>
<NC>
<NC>
<NC>
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STATus
:OPERation
[:EVENt]?
:CONDition
:ENABle <NRf>
‘QUEStionable
[:EVENt]?
:CONDition
:ENABIe <NRf>
SYSTem
:ERRor:ENABle
:ERRor?
:LANGuage GEN
:REMote
[:STATe] LOC|REM|LLO
:VERSion?
:DATE?
:PON
TIME?
TRIGger
[:STARt]
:DELay <NRf+>
:SOURce EXTernal|BUS
<NC>
<NC>
<NC>
<NC>
<NC>
<NC>

Returns the value of the Event register
Returns the value of the Condition register

Enables specific bits in the Event register

Returns the value of the Event register
Returns the value of the Condition register

Enables specific bits in the Event register

Enable error message
Read system error messages

Set communication language

Set the remote/local state
Returns software revision

Returns calibration date

Response time from last reset

Run trigger

Set input trigger delay

Set input trigger source

Display Voltage and Current data. Data

Reads the complete power supply status.
Reset the added Fold Back Delay to zero.

Sets the Master/Slave parallel operation mode
Sets SO signal polarity

Set factory default parameters

NOTES:

« <NC>-"NO COMMAND" command/query don't exist.
. [?] - Command and query available (GEN command).
. (*) - command UVP or UVL set protection or limit mode and level

SEVE?
STAT?
SENA[?]

FEVE?
FLT?
FENA[?]

<NC>
<NC>
<NC>

RMT[?]
REV?
DATE?

<NC>

<NC>
<NC>
<NC>
pve?
STT?
FBDRST
PMS[?]
SOP[?]
FRST
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CHAPTER 8: ADVANCED FUNCTIONS

8.1 Introduction

This chapter describes the advanced functions of output programmable modes. There are three
programmable modes: FIX, WAVE and LIST. The user can program the output transient state. The
programmable modes are synchronized by input trigger (refer to section 8.5.1). According to
the selected mode, the power supply activates the output trigger on J3-3 (refer to section 8.5.2).

8.2 FIX Mode
Outputvalueischanged viainputtrigger.Referto 7.12.3VOLTage:TRIGger and 7.12.4 CURRent:TRIGger.

ABORt O—————>|
RST O—— >

IDLE STATE
‘RCL O——— >

INIT(: IMM)
A

INITIATED STATE

TRIGGERED EVENT TRIGL: IMM)

A

DELAY

A

OUTPUT CHANGE STATE

Fig.8-1: Simplified Models of FIX Mode

001sec  \_y 0 000w )

Trig Initated 1 | INIT:IMM
Trigger Event I I
Trigger Delay 0.02s | 0.02s | TRIG:DEL 0.02
10V
5V
Set Voltage VOLT:TRIG

1oV

OUTPUT 5V
VOLTAGE

ABORT

INIT:CONT 1

Fig.8-2: Fix Mode Sequence example
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8.3 LIST Mode

Output change value in step determined by parameters in the LIST subsystem via input trigger.
Refer to section 7.12.8

ABORt O—————>|
RST O——————>|
IDLE STATE
RCL O————>|
>
INITE: IMM)
A
INIT:CONT INITIATED STATE <
TRIGGERED EVENT TRIGL MMy
DELAY
0
A
N
LIST:COUN —————— OUTPUT CHANGE STATE <
A
A
DWELLING STATE
YES
LIST DONE
LIST.STEP AUTO:
YES
Fig.8-3: Simplified Models of LIST Mode
0.01sec .y 4 4y 4wy by g
Trig Initated  __ [ ] INIT:IMM
WTG (Wait Trigger)
Trigger Event I
TDC 1 0.02s | TRIG:DEL 0.02
STS | | (Step Started)
DWELL I 0.05s T 0.06s 7003 1 LIST:DWELL 0.05,0.06,0.03
sTC | | | (Step Complited)
OPC ] | (Operation Complited)
OUTPUT LIST:VOLT 5,10,0
VOLTAGE

LIST STEP AUTO

Fig.8-4: LIST Mode Sequence example
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Output change value in slope determined by parameters in the WAVE subsystem via input trigger.

Refer to section 7.12.12.

IDLE STATE

INITE: IMM)
A

INITIATED STATE <€

TRIGGERED EVENT TRIGE MMy

DELAY

4

OUTPUT CHANGE STATE <

A 4

SLOPING STATE

!

WAVE DONE

WAVE: STEP AUTO:

YES

Fig.8-5: Simplified Models of Trigger in WAVE Mode

0O0fsec \_y 4y 4 4 4 4 o040y |
Trig Initated [ INIT:IMM
WTG _ 1 (Wait Trigger)
Trigger Event 1 1
TRD 0.02s | TRIG:DEL 0.02
sTS | | | | | (Step Started)
TIME 0.03s__| 0.02s | _0.03s__0.03s 10.02s_10.03s WAVE:TIME 0,3,2,3
sTC | | | | | | (Step Complited)
oPC ] [ (Operation Complited)
WAVE:VOLT 5,10,10,0
OUTPUT
VOLTAGE
WAVE:COUN 2
INIT CONT 0

WAVE MODE AUTO

Fig.8-6: WAVE Mode Sequence example
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8.5 Trigger
SutI)-:)‘llsetle m Display | FunctionLevel | Display | Parameter Level | Display Description
INIT in ok Initialization
INIT in ik (Refer to command INIT)
TRIG br ready for trigger.
ENA EnA
. - refer to command
Continue Conk oS s INIT:-CONT
] BUS (via Software
Trigger !
IN (i%gput Erin | orfrontPanel), b5 refer to c'ommand
Trigger Setting Er b trigger) EXT (Analog) EHE TRIG:SOUR
refer to command
Trigger delay Er.dl 0-65sec 0100 TRIG:DELAY.
Fine and Course modes
OFF OFF
. . - refer to command
Trigger OUT ErOu Trigger kr & OUTPTTLT-MODE
Function Strobe | F.5tr
LOAD List or Refer to commands
Wave data LOAd L1...L14 Le LIST:LOAD and
WAVE:LOAD
(Refer to LIST:COUN
COUNter rﬁ;‘ coun 1...9999 2 | and WAVECOUN) allow
Programming PO P course and fine setting
. ONCE UMCE | (Referto LIST:STEP and
STEP setting SEEP AUTO Ao WAVESTEP)
ABORt (Refer to command
execution Abor YES 9E5 ABORt)

Table 8-1: Trigger and Programming front panel menu

NOTE:

At AC power ON the display shows last selected program list but dosen't load it from memory.

NOTE:

If during program selection L1-L4, display shows "Err~" message then program memory is empty or
power supply is in initiated state. Select "ABORt" to EXIT from initiate state.

8.5.1 Input Trigger
Trigger source can be set via:
o BUS - Command (Refer to section 7.11 *TRG, 7.12 TRIGger) or Front Panel.

e EXT - Rear panel connector J3-8 (Refer to section 4.3.2).
Input Trigger source setting via Front Panel:

1. Press MENU button. MENU (green) LED illuminates. "5EE” message appears on the Voltage

display.

I

Rotate Voltage encoder until "£r
Press Voltage encoder. " in (£” message appears on Voltage display.
Rotate Voltage encoder until "Er. i n” message appears. Press Voltage encoder.

"Er.in" message appears on Voltage Display and "EHE" or "bL5" messages appear on Current

st
L

display. Rotate to scroll list and press Current encoder to select.
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8.5.2 Output Trigger

Rear panel connector J3-3 (Refer to section 4.3.2). There are three output trigger modes:

Programming Mode NONE, FIX:

e OFF - No Trigger out.

e InTRIG mode, trigger is generated when output status changes.

e In Function Strobe mode, an output pulse is generated automatically any time an output
parameter such as output, voltage or current is programmed.

Programming modes LIST or WAVE:

e OFF - No Trigger out.

e InTRIG mode, trigger is generated when LIST or WAVE is completed.

e InFunction Strobe mode, an output pulse is generated automatically any time a step is competed.

Output Trigger mode settings:

1. Press MENU button. MENU (green) LED illuminates. "5 EE” message appears on the Voltage
display.

Rotate Voltage encoder until "£~ (L” message appears.

Press Voltage encoder.”in «£” message appears on Current display.

Rotate Voltage encoder until "tr.00u"” message appears. Press Voltage encoder.

"tr.0u” message appears on Voltage Display and "OFF”, "tr (", "F5E " messages appear on
Current display. Rotate to scroll list and press Current encoder to select.

A wN

8.6 Transient Waveform Example

8.6.1 Wave Programing

1. Selectrequired transient operation mode Insert communication command (Example: VOLT:MODE
WAVE).

Set Voltage values Insert communication command ( Example: WAVE:VOLT 5,10,10,0 ).

Set Timing values Insert communication command ( Example: WAVETIME 0,2,3,2).

Set Counter value for sequence execution ( Example: WAVE:COUN 2 ).

Set Step parameter AUTO or ONCE ( Example: WAVE:STEP AUTO ).

In this step possible store program in memory and continue programming without PC
connection Insert communication command ( Example: WAVE:STORe 2 ).

7. Recycle AC power. Set OUT ON.

8.6.2 Wave Execution via Communication PC

1. Load stored data Insert communication command ( Example: WAVE:LOAD 2)

2. Set COUNTER (How many times program will be repeated if STEP in AUTO mode).
Insert communication command ( Example: WAVE:COUN 2)

3. SetTrigger IN source (BUS for Command or Front Panel and EXT via Rear Panel J3-8 pin)
Insert communication command (Example: TRIG:SOUR BUS)

4, Set Trigger Initialize Continue mode ( If 1 then after program execution power supply will
be ready for next trigger. If 0 then send INIT command to get to the next trigger. Insert
communication command (Example: INIT:.CONT 1)

5. Send INIT command. (Power supply ready for TRIGGER). Insert communication command
(Example: INIT).

6. Send *TRG command or press Current encoder.

NOTE:

In order to be able to change the transient operation mode while the power supply is
ready for trigger and not in an idle state, send ABORt and then set INIT:CONT 0.
When trigger initiated, voltage and current settings via front panel are disabled

O UA W
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8.6.3 Wave Execution via Front Panel

1.
2.

Load stored data MENU -> "Pr0L" -> "LORd" > L&

Set Trigger IN source ( BUS for Command or Front Panel and EXT via Rear Panel J3.8 pin)
MENU -> "£r i L" -> "kr in” > "bL5"

Set Trigger Initialize Continue mode (If 1 then after program execution power supply will be
ready for the next trigger. If 0 then send INIT command MENU -> "Er (" -> "Lant” > "EnA" to
get to the next trigger.

Set INIT command. (Power supply ready for TRIGGER) MENU -> "kr (L" > "m (£" > " im o £”
Exit from MENU and Press Current encoder to trigger.

8.7 Additional Examples

8.7.1 List Example

TRIG:SOUR EXT Select trigger source external analog signal
VOLT:MODE LIST Select sequence mode "LIST”
LIST:.VOLT 2,4,2,8,5,4 Set voltage values "2,4,2,8,5,4"Volts w0
LIST:DWEL 0.5,0.5,1,1,1,1 Set dwell values "0.5,0.5,1,1,1,1" seconds ® |
LIST:COUN 1 Set list execution time "1” 5 —
LIST:STEP AUTO Set step execution mode "AUTO” )
INIT:CONT OFF Trigger subsystem enabled for a single .

trigger action ’ ' ? et ‘ ’
INIT Trigger initializing
*TRG Trigger command
8.7.2 Waveform Example
TRIG:SOUR BUS Select trigger source via communication

interface or front panel
VOLT:MODE WAVE Select sequence mode "WAVE" o
WAVE:VOLT 2,2,4,49,9.3,3 Set voltage values "2,2,4,4,9,9,3,3"Volts s /_\\
WAVE:TIME 0,1,0.5,0.5,0.5,0.5,1.5,1  Set time values "0,1,0.5,0.5,0.5,0.5,1.5,1" seconds : ¢
WAVE:COUN 2 Set wave execution time "2" o ﬁgf
WAVE:STEP AUTO Set step execution mode "AUTO”
INIT:CONT ON Trigger system is continuously enabled T S
INIT Trigger initializing
*TRG Trigger command

NOTE:

For an easy way to create arbitrary waveforms, you can use the "Z* Waveform Creator” Application
that can be Downloaded from TDK-Lambda Technical Centre web page: https://www.emea.lambda.
tdk.com/uk/technical-centre/software-tools.aspx (refer to Applications Guide, IA710-04-04_ for step-
by-step installation procedure).

126




TDK-Lambda

CHAPTER 9: STATUS, FAULT AND SRQ REGISTERS

9.1 General

This section describes various status errors (faults) and SRQ register structures. The registers
can be read or set via the RS232/485/USB commands. Refer to Fig.9-1 for the Status and Fault
Registers Diagram.

Questionable Condition (Fault Register)

LSB Condition Enable Event
Not used *")T o — |
AC Fail ;> AC AC —>
Over Temperature ;> OoTP OTP |[—>|
Foldback (tripped) ;b FLD FLD —>
Over Voltage Protection% OVP OVP —>|
shutoff  ——>/ so S0 |—>
OulputOff  ———» OFF OFF |—>
Interlock *7> INT INT —> O [
Under Voltage Protectior uvP uvp —> A
Not used *‘7> 0 0 >
Internal Input Overﬂow$ INPO INPO —>|
Internal Overflow L> INTO INTO —>|
Internal Time Out i} ITMO ITMO —>
Internal Comm Error i> ICOM ICOM —>{
Not used i> 0 0 >
Not used i> 0 0 >
MSB  STAT:QUES:ENAB nnnn o
STAT:QUES:COND?  STAT:QUES:ENAB? STAT:QUES:EVEN?
FLT? FENA nnnn FEVE?
FENA?
NOR

Output Queue

SYST ERR?

Syst:Err Queue

System Error

Questionable Summary,

Message Available

Standard Event Status

Standard Event Summary,

Operation Summany

=[N|=|o
AN [of-
=[N Nz
S|o < |m
<|~|z]|=
oo |~|=

|€«— Command Error "Cnn"

Execution Error "Enn"

Service Request Enable

Staus byte

To Instrument Summary register
IEEE

Service Request

LSB Condition Enable
Operation Complite ‘ W _\
Not Used - 0 0
Query Error 2 QYE
Device Depandant Error 2 DDE (@)
Execution Error u EXE X
Command Error ’ CME
User Request ¢ 0
Power On z PON _\
MSB *ESR? *ESE nn
*ESE?
Operational Condition (Status Register)
LSB Condition Enable Event
Constant Voltage —O> cv v cv H—
Constant Current ! cCc T CC —>»|
=g No Fault : NFLT T NFLT —>
Trigger Wait 2 TWI 0 0 >
Auto Start Enabled : AST 0 0 >
Foldback Enable > FBE FBE —>
List Step Complite d LsC LSC —>
Lockal / Remote z Loc 7_\7 LOC [—> (@)
UVP enabled UVPE Y UPE —> A
Interlock enable ILCE T ILCE —>
Reserved 0 0 0 >
Current Foldback mode CFBM FBM [—>
Analog Voltage Channel AVP AVP [—>
Analog Current Channel ACP ACP —>|
List Step Active DWE 0 >
Reserved = 0 0 >
MSB ™ STAT:OPERENAB nnnn o
STAT:OPER:COND? STAT:OPER:ENAB?  STAT:OPER:EVEN?
STAT? SENA nnnn SEVE?
SENA?

i

Inn(SRQ)

NOTE:
“0": Always forced to “0"

Settable

Fig.9-1: Status and Fault Registers Diagrams (SCPI)

127




TDK-Lambda

9.2 Power Supply Status Structure

Status and Fault Register shows the status register structure of the power supply. The Standard
Event, Status Byte, and Service Request Enable registers and the Output Queue perform standard
functions as defined in the IEEE 488.2 Standard Digital Interface for Programmable Instrumentation.
The Operation Status and Questionable Status registers implement status functions specific to
the power supply.

9.3 Condition Registers

There are two registers that the user may read to see the condition of the supply. The register
bits are set to show a fault or if an operating mode is active. The bits are cleared when the fault
or mode is cleared. The registers are read-only.

9.3.1 Fault Register

The fault register sets a bit when a Fault occurs (Refer to table 9-1). The bit is cleared when the
fault condition is removed.

Bit Number Decimal Value Bit Symbol Description

0 1

1 2 AC AC Fail

2 4 oTP Over Temperature

3 8 FLD Fold Back Protection

4 16 OVP Over Voltage Protection
5 32 SO Shut Off

6 64 OFF Output Off

7 128 INT Interlock

8 256 UVvP Under Voltage Protection
9 512 0 Not used

10 1024 INPO Internal Input Overflow
1 2048 INTO Internal Overflow

12 4096 ITMO Internal Time Out

13 8192 ICOM Internal Comm Error
14t0 15 N/A 0 Not used

Table 9-1: Bit Configuration of Questionable Registers
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9.3.2 Status Register

The status register sets a bit when status changes (Refer to Table 9-2). The bit is cleared when the
condition is removed.

Bit Number Decimal Value Bit Symbol Description

0 1 @Y Set high if Constant Voltage Operation

1 2 CC Set high if Constant Current Operation

2 4 NFL No fault

3 8 TW Trigger wait

4 16 AST Auto Start Enabled

5 32 FBE Foldback enable

6 64 LSC List step complete

7 128 LOC Local / Remote

8 256 UVP Ena Under voltage Protect enabled

9 512 ILCEna Interlock Enabled

10 1024

11 2048 FBC Foldback CC mode enabled

12 4096 AVP Remote Analog Voltage Programming mode
13 8192 ACP Remote Analog Current Programming mode
14 16384 DWE The list step is active (dwelling)

15 32768 Reserved

Table 9-2: Bit Configuration of Operation

9.4 Conditional, Enable and Event Registers

9.4.1 Conditional Registers.

The condition registers show a snapshot of the power supply state at the present time. Some
faults or mode changes occur and clear quickly before the control computer can detect them.
The change may be latched in EVENT REGISTERS so the computer can detect them even if they
cleared quickly.

9.4.2 Event Registers.

Bits are sent to the Event register when a fault or mode change occurs. The bit remains set until
the control computer reads the Event register or clears it. The control computer cannot tell if the
fault or mode change occurred more than once since the last time the Event register was read.
9.4.3 Enable Register

The Status and Fault Enable registers are set by the user to enable SRQs in the event of changes
in power supply status or fault.

9.5 Service Request

A SRQ will be sent when the contents of at least one of the event registers changes from all zeroes
to any bit(s) set. When SRQ occurs, power supply sends “Inn”message (nn-power supply address).
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9.6 Standard Event Status Group

9.6.1 Register Functions

This group consists of an Event register and an Enable register that are programmed by COMMON
commands. The Standard Event register latches events relating to interface communication status.
It is a read-only register that is cleared when read. The Standard Event Enable register functions
similarly to the Enable registers of the Operation and Questionable status groups.

9.6.2 Register Commands

The common *ESE command programs specific bits in the Standard Event Status Enable register.
Because the power supply implements *PSC, the register is cleared at power on if *PSC = 1.

*ESR? reads the Standard Event Status Event register. Reading the register clears it.

Bit Signal Meaning

0 OPC Operation complete

2 QYE Query error

3 DDE Device-dependent error
4 EXE Execution

5 CME Command error

7 PON Power on

Table 9-3: Standard Event Status Group

Operation Complete

Setwhenever the last command is completed and the software is ready to accept another command,
or when query results are available.

Query Error

Set when a query is made for which no response is available.

Device Dependent Error

Set for device specific errors. These errors are entered in the System Error Queue and have error
codes greater than 0. See Table 9-6 for error descriptions.

Execution Error
Set when a parameter exceeds its allowed range.

Command Error
Set for a syntax error.

Power On
Set once at power-up. The Status Byte ESR bit is not set.
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9.6.3 Status Byte Register

This register summarizes the information from all other status groups as defined in the IEEE 488.2
Standard Digital Interface for Programmable Instrumentation standard. The register can be read
either by a serial poll or by *STB?. Both methods return the same data, except for bit 6. Sending
*STB? return MSS in bit 6, while polling returns RQS in bit 6. The *CLS command will clear the
Status Byte.

Bit Signal Meaning
0 BSY Busy bit
1 0 Not used
2 SYS System Error
3 QUES Questionable Status summary bit
4 MAV Message Available summary bit
5 ESB Event Status summary bit
6 MSS Master Status summary bit
RQS Request Service bit
7 OPER Operation Status summary bit

Table 9-4: Status Byte Register

Error Information Available

This bitis set when any error is entered in the System Error queue. Itis read using the SYSTem:ERRor?
Query.

Message Available

Indicates a message is available in the GPIB output queue. This bit is cleared then the GPIB output
buffer is read.

Standard Event Status Register

This is a summary bit for the ESR. It is set when any of the ESR bits are set, and cleared when the
ESRis read.

The RQS Bit

Whenever the power supply requests service, it sets the SRQ interrupt line true and latches RQS
into bit 6 of the Status Byte register. When the controller services the interrupt, RQS is cleared
inside the register and returned in bit position 6 of the response. The remaining bits of the Status
Byte register are not disturbed.

The MSS Bit

This is a real-time (unlatched) summary of all Status Byte register bits that are enabled by the
Service Request Enable register. MSS is set whenever the power supply has at least one or more
reasons for requesting service. Sending *STB? reads the MSS in bit position 6 of the response. No
bits of the Status Byte register are cleared by reading it.

9.6.4 Determining the Cause of a Service Interrupt

You can determine the reason for an SRQ by the following actions:

Use a serial poll or the *STB? query to determine which summary bits are active.

Read the corresponding Event register for each summary bit to determine which events caused
the summary bit to be set. When an Event register is read, it is cleared. This also clears the
corresponding summary bit.

The interrupt will recur until the specific condition that caused the event is removed. If this is
not possible, the event may be disabled by programming the corresponding bit of the status
group Enable register. A faster way to prevent the interrupt is to disable the service request by
programming the appropriate bit of the Service Request Enable register.
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9.6.5 Output Queue

The Output Queueis a first-in, first-out (FIFO) data register that stores power supply-to-controller
messages until the controller reads them.Whenever the queue holds one or more bytes, it sets the
MAV bit (4) of the Status Byte register. If too many unread error messages are accumulated in the
queue, a system error message is generated. The Output Queue is cleared at power On and by *CLS.

9.6.6 Error Messages

System Error Messages are read back via the SYST:ERR? query. The error number is the value
placed in the power supply error queue. SYST:ERR? returns the error number into a variable and
combines the number and the error message into a string. Table 9-5 lists the system errors that are
associated with SCPI syntax errors and interface problems. Information within the brackets is not
part of the standard error message, but is included for clarification. When system errors occur, the
Standard Event Status register records them as follows:

Bit Set Error code Error Type Bit Set Error code Error type
5 -100 thru-199 Command 3 -300 thru-399 Device-dependent
4 -200 thru -299 Execution 2 -400 thru -499 Query

Table 9-5: Standard Event Status Register Error Bits

The Status and Error Registers described in the previous section are only one of the status methods
in the IEEE board. There is also a SCPI requirement for error messages that are in the form of:

<Error Number><Comma><Quote><Error Description:Supply Address><Quote>

The user sends the "SYST:ERR?” query to read the error message. The messages are stored in a
first-in/first-out queue.

The SYST:ERR queue can buffer up to TEN error messages, although the tenth is replaced by the
-350,"Queue Overflow” if an eleventh message is generated. After the queue overflow, only the
first ten messages are stored and the later messages are lost.

The SYST:ERR queue is cleared by:

Reading the messages one at a time using "SYST:ERR?” until 0,'No error”is read, or

The *CLS (Clear Status) command.

If any message is in the SYST:ERR queue (except “No error”), then bit 2 of the Status Byte is set. A
Service Request is generated if bit 2 is enabled.
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Error

Number Error Description Error Event

0 "No Error” No Error Reported

-100 "Command Error” Unit Receives Command With Unspecified Error.

-101 "Invalid Character” A Character Was Received That Is Not: A-Z, A-Z, 0-9, 2, *,:,;, Period, Space, CR, LF.
1o [osapetror | R et W Wora e O
-109 "Missing Parameter” Valid Command Received But Not Enough Characters.

-131 "Invalid Suffix” Unrecognized Units, Or Units Not Appropriate

2200 Execution Erfor ieor::r;;;'cri\;:cii :Poer sg.|ene|'ic syntax error for devices that can not detect
-222 "Data Out Of Range” Attempt To Program Voltage, Current Or OVP Beyond Supply Limits.

-223 "Too Much Data” Out Of Memory; Block, String, Or Expression Too Long

-284 "Program Currently Running”  |Occur when the device was initiated by "INIT” command.

-286 "Data Load Empty” Data doesn't saved in List or Wave cell

350 "Queue Overflow” ',\I'/(l):sls\i\:;r;)sl /S\T:BESRCZ rl\(/j\:;sjsages Are Stored In This Queue And The Newest
301 "PV Above OVP" Attempt To Program Voltage Above OVP Setting.

302 "PV Below UVL" Attempt To Program Voltage Below UVL Setting.

304 "OVP Below PV” Attempt To Set OVP Below Voltage Setting.

305 "UVL Below Zero” Attempt To Set UVL Above Voltage Setting.

306 "UVL Above PV” Attempt To Set UVL Above Voltage Setting.

307 "On During Fault” Attempt To Turn Supply Output ON When A Fault Exists.

320 "Under-Voltage Shutdown” Under Voltage Shutdown Occurred

321 "AC Fault Shutdown” Brown-Out Or Phase-Loss Shutdown Occurred

322 "Over-Temperature Shutdown” [Over-Temperature Shutdown Occurred

323 "Fold-Back Shutdown” Fold-Back Shutdown Occurred

324 "Over-Voltage Shutdown” Over Voltage Shutdown Occurred

325 "Analog Shut Off Shutdown” | Shut Off Occurred From Rear Panel

326 "Output-Off Shutdown” Output-Off Occurred From Front Panel Button

327 "Interlock Open Shutdown” Interlock Open Occurred From Rear Panel

329 "SLAD mode” Cannot execute command in Advanced Slave mode.

340 "Internal Message Fault” General Non-Specified Internal Message Fault

341 "Input Overflow” Receive Buffer over 500 chars

342 "Internal Overflow” Serial Receive Buffer In [EEE Is Full Because Supply Sent Too Many Characters
343 "Internal Timeout” IEEE Did Not Receive Response From Supply Before Timeout Period

344 "Internal Checksum” IEEE Received Checksum Error, From Supply.

399 "Unknown Error” No Known Error.

400 "Query Error” gm;)selssg?eE ,ngSZCNEg:(X:;; The Power Supply, Used Only When The Other
410 "Query INTERRUPTED” Generated When A New Command Was Received Before It Could Finish The

Query.

Table 9-6: Error Table
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CHAPTER 10: ISOLATED ANALOG PROGRAMMING OPTION

10.1 Introduction

Isolated Analog Programming is an internal option card for analog programming of the Z* Power
Supply series. The option is factory installed and cannot be obtained with GPIB (IEEE) Interface.
Output Voltage and Current Limit can be programmed and readback through optically isolated
signals which are isolated from all other ground references in the power supply.

There are two types of Isolated Analog programming cards:

1. 0-5V/0-10V option (PN: IS510): Using 0-5V or 0-10V signals for programming and readback.
2. 4-20mA option (PN: 1S420): Using current signals for programming and readback.

10.2 Specifications
10.2.1 0-5V/0-10V Option (PN: 1S510)

Output voltage programming accuracy % +/-1
Output current programming accuracy % +/-1
) Output voltage programming temperature coefficient PPM/C  |4+/-100
:’r‘r:g::lmmlng Output current programming temperature coefficient PPM/C  |4/-100
Input impedance Ohm ™
Absolute maximum voltage Vdc 0-15
Max. voltage between program inputs and supply outputs. (See Note 1) Vdc 650
Output voltage monitoring accuracy % +/-1.5
Monitoring Output current monitoring accuracy % +/-1.5
Outputs Output Impedance (see Note) Ohm 100
Max. voltage between monitoring outputs and supply outputs. (See Note 1) |Vdc 650
NOTE:

Use 1T00Kohm minimum inputimpedance for the monitoring circuits to minimize the readback error.

10.2.2 4-20mA Option (PN: 1S420)

Output voltage programming accuracy % +/-1
Output current programming accuracy % +/-1
Output voltage programming temperature coefficient PPM/C  |4/-200
Programming : .
Inputs Output current programming temperature coefficient PPM/C  |4/-200
Input impedance Ohm 50
Absolute maximum input current mA 0-30
Max. voltage between program inputs and supply outputs. (See Note 1) Vdc 650
Output voltage monitoring accuracy % +/-1.5
Monitoring Output current monitoring accuracy % +/-1.5
Outputs Maximum load impedance Ohm 500
Max. voltage between monitoring outputs and supply outputs. (See Note 1) |Vdc 650
NOTE 1:

In case of supply output grounded (+or -) the max. voltage between program inputs and supply outputs/
monitoring outputs and supply outputs should not exceed 400VDC. (Applicable for 10.2.1 and 10.2.2)
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10.3 Isolated Programming & Monitoring Connector

Refer to Table 10-1 for detailed description of the Rear Panel Isolated Programming & Monitoring
connector. To provide the lowest noise performance, it is recommended to use shielded-twisted
pair wiring.

Refer to Fig.10-1 for description of the connector.

Isolated programming plug P/N: MC1.5/8-ST-3.81, Phoenix.

Shield —— L Shield
+VPROG_ISO ——m ——  +IMON_ISO
+IPROG_ISO ——mFFF—F—— ————— +VMON_ISO
GND GND

Fig.10-1: Isolated Programming & Monitoring connector

Terminal |Signal name  |Function Range 0-5/0-10V Range 4-20mA
9 1S510 option 1S420 option
. SHLD Shield, connected internally to chassis of Chassis ground
the supply.
2 +VPROG_ISO |Output voltage programming input 0-5/0-10V 4-20mA
3 +IPROG_ISO Output current programming input 0-5/0-10V 4-20mA
4 GND Ground for programming signals. Ground Ground
5 GND Ground for programming signals. Ground Ground
6 +VMON_ISO Output voltage monitoring output 0-5/0-10V 4-20mA
7 +IMON_ISO Output current monitoring output 0-5/0-10V 4-20mA
8 SHLD Shield, connected internally to chassis of Chassis ground
the supply.

Table 10-1: Detailed description of the Rear Panel Isolated Programming & Monitoring connector.

CAUTION:

When the Isolated Analog Option is installed, do not apply any signals to the non-isolated VPGM
and IPGM (J1-6 and J1-5) pins. All other J1 features may be used normally. Refer to Section 4.3.1 for
a description of J1 features.

Parallel operation: Optional Isolated Analog 1S510/1S420 must be installed in both the Master and
Slave units.
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10.4 Setup and Operating Instructions

CAUTION:

To prevent damage to the unit, do not program the output voltage and current to higher
than the power supply rating.

10.4.1 Setting Up Power Supply for 0-5/0-10V Isolated Programming and Monitoring

Perform the following procedure to configure the power supply:

1. Turn the power supply AC power switch to Off.

2. Short pins J1-1 to J1-7, and turn AC power switch to On.

3. Press MENU button. MENU (GREEN) LED illuminates. "5E £” message appears on Voltage display.

4. Press Voltage encoder. "UOLE" message appears on Voltage Display and "Curr" appears on
the Current display.

5. PressVoltage encoder to select programming of the Output Voltage, or press Current encoder
to select programming of the Output Current.

6. The selected function appears on the Voltage display. Parameter "F.PA" or "E.LOL" or "E.-ES”
appears on the Current display.

7. Rotate and press the Current encoder to select "E.LIOL".

10. "UOLE" message appears on Voltage Display and "Curr" appears on the Current display.

11. Rotate Voltage encoder until "~ AML" appears on Voltage display. Press on the Voltage encoder.

12. "rANL" appears on Voltage display and "5 (5V) or 13" (10V) appears on Current display.

13. Rotate and press the Current encoder to select the desired programming Voltage range.

14. Press MENU button twice to return display to it's previous state. MENU LED turns OFF

15. Connectthe programming sources to the mating plug of the Isolated Programming connector.
Observe for correct polarity of the voltage source.

16. Set the programming sources to the desired levels and turn the power supply ON.

NOTE:
J1-1 and J1-7 must be shorted together with a jumper.

10.4.2 Setting Up Power Supply for 4-20mA Isolated Programming and Monitoring

The set up procedure of 4-20mA Isolated Programming and Monitoring is the same as section
10.4.1 except "rAMNL" setting. "rANL" setting must be set to ” (0" (10V).

CAUTION:

To prevent damage to the unit, do not program the output voltage and current to higher than the
power supply rating.
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CHAPTER 11: MAINTENANCE

11.1 Introduction
This chapter provides information about maintenance, calibration and troubleshooting.

11.2 Units Under Warranty

Units requiring repair during the warranty period should be returned to aTDK Lambda authorized
service facility. Refer to the address listings on the back cover of this manual. Unauthorized repairs
performed by other than the authorized service facilities may void the warranty.

11.3 Periodic Maintenance

No routine maintenance of the power supply is required except for periodic cleaning. To clean,
disconnect the unit from the AC supply and allow 30sec. for discharging internal voltage. The front
panel and the metal surfaces should be cleaned using a mild solution of detergent and water. The
solution should be applied onto a soft cloth, and not directly to the surface of the unit. Do not
use aromatic hydrocarbons or chlorinated solvents for cleaning. Use low pressure compressed
air to blow dust from the unit.

11.4 Adjustments and Calibration

No internal adjustment or calibration is required. There is NO REASON to open the power supply
covetr.

11.5 Parts Replacement and Repairs

As repairs are made only by the manufacturer or by authorized service facilities, no parts
replacement information is provided in the manual. In case of failure, unusual or erratic operation
of the unit, contact the TDK Lambda sales or service facility nearest you. Please refer to the TDK
Lambda sales offices address listings on the back cover of this user manual.

11.6 Troubleshooting

If the power supply appears to be operating improperly, use the troubleshooting guide to determine
whether the power supply, load or external control circuits are the cause.

Configure the power supply for basic front panel operation and perform the tests listed in Section
3.8 to determine whether the problem can be found with the power supply.

Table 11-1 provides the basic checks that can be performed to diagnose problems, and references
to relevant sections of this manual for further information.
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SYMPTOM CHECK ACTION REF.
Is the AC power cord defective? gheck continuity, replace 37

No output. All displays and ITnecessary.

indicators are blank. Is the AC input voltage Check input AC voltage. 36
within range? Connect to appropriate voltage source.  |3.7

Output is present momentarily .

but shuts off quickly. The display Does the AC source voltage sag |Check input AC voltage. 36

indicates "AC" when load is applied? Connect to appropriate voltage source.
L.

Output is present momentarily

but shuts off quickly. the display Is the power supply configured |Check if the positive or negative load wire [3.9.6

o - to Remote sense? is loose. 3938
indicates "0LUP".

Output voltage will not adjust. |Is the unit in constant current  |Check current limit setting 5.2.1
Front panel CC LED is on. mode? and load current. 522
Output voltage will not Check if output voltage is 532
adjust. adjusted above OVP setting Set OVP or UVL not to limit the output. b

Front panel CV LED is on. or below UVL setting. >33

Output current will not adjust.  |Is the unit in constant voltage
Front panel CV LED is on. mode?

Check current limit and voltage settings. [5.2

Is the power supply in Remote Check load and sense wire connections 394
Large ripple present in output.  [sense? Is the voltage dropon  [for noise and impedance effects. 3.9.8
the load wire high? Minimize the drop on the load wires. o
Turn off the AC power switch. Check load
No output. Display indicates Over Voltage Protection connections. If analog programming is 532
"OuP” circuit is tripped. used, check if the OVP is set lower than -
the output.
) . e on Check rear panel J3
Display indicates "EnA Interlock Function. 572
. . . Check rear panel J3
No output. Front panel PROT | Display indicates "30 P 5.7.1

Output Shut Off connection.

LED is blinking. P
Check if air intake or exhaust are blocked.
Display indicates "OEP” Check if the unit is installed adjacentto ~ [5.3.6
heat generating equipment.
Display indicates "FOLd" Check Foldback setting and load current. (5.3.4
Poor Load regulation Are sensing wires Connect the sense wires according to 398
Front panel CV LED is on. connected properly? User's Manual instructions. -
. Turn Off the AC power and wait until the
The front panel controls are Is the power supply in .
. display turns off. Turn on the AC power (7.2.6
nonfunctional. Local-Lockout mode?

and press front panel REM button.

Table 11-1: Maintenance

11.7 Fuse Rating

There are no user replaceable fuses in the power supply. Internal fuses are sized for fault protection
and if a fuse was opened it will indicate that service is required. Fuse replacement should be made
by qualified technical personnel. Refer to Table 11-2 for a listing of the fuses.

7200/400 Input AC fuse F101 250VAC, 10A, Fast acting
7600/Z800 Input AC fuse F101 250VAC, 16A, Fast acting

Table 11-2: Internal Fuse
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11.1 Einleitung
Dieses Kapitel liefert Informationen tiber Wartung, Kalibrierung und Fehlersuche.

11.2 Reparaturen wahrend der Garantie

Sollte ein Gerét innerhalb der Garantiezeit ausfallen, so diirfen Reparaturen nur durch Lambda
oder autorisierte Servicestellen durchgefiihrt werden. Die Adressen finden Sie am Ende dieses
Handbuches. Eingriffe in die Gerate durch nicht autorisierte Stellen fihren zum Verlust des
Garantieanspruches.

11.3 Periodische Wartung

Die Gerate sind wartungsfrei. Wir empfehlen jedoch die regelmaBige Reinigung. Trennen Sie die
Einheit vom Versorgungsnetz und warten Sie 30 Sekunden um sicherzugehen, dass sich interne
Spannungen abgebaut haben. Die Frontabdeckung und die Metalloberflachen sollten mit einer
milden Losung aus Reinigungsmitteln und Wasser gesdubert werden. Die Losung sollte auf ein
weiches Tuch aufgetragen werden, und nicht direkt auf Oberflache der Gerate. Benutzen Sie keine
Reinigungsmittel, die aromatische Kohlenwasserstoffe oder gechlorte Losungsmittel enthalten.
Benutzen Sie schwach komprimierte Pressluft, um das Gerat von Staub zu befreien.

11.4 Einstellungen und Kalibrierung

Interne Einstellung oder Kalibrierung ist nicht nétig. Es gibt keinen Grund, die Stromversorgung
zu offnen.

11.5 Bauteilewechsel und Reparaturen

Da Reparaturen nur durch den Hersteller oder autorisierte Servicestellen durchgefiihrt werden
dirfen, enthalt das Handbuch keine Schaltplane. Im Falle eines Defektes oder ungewéhnlichem
Verhalten des Gerdtes, setzen Sie sich bitte mit der nachstgelegenen Lambda Niederlassung in
Verbindung. Die Adressen finden Sie am Ende dieses Handbuches.

11.6 Fehlersuche

Sollte die Stromversorgung nicht wie erwartet funktionieren, kann Ihnen die nachfolgende
Tabelle helfen, herauszufinden, ob die Stromversorgung, die Last oder eine externe Steuerung
die Ursache dafiir ist.

Stellen Sie das Netzgerat so ein, dass es mit den Reglern und Tasten am Frontpanel bedient werden
kann. Fiihren Sie dann die Tests aus Abschnitt 3.8 durch, um festzustellen, ob das Problem durch
das Netzgerat verursacht wird.

Tabelle 11-2 flihrt Sie Schritt fiir Schritt durch die Priifungen, die durchgefiihrt werden sollten,
um die Fehlerursache zu ermitteln und gibt Ihnen Hinweise auf Abschnitte dieses Handbuches,
in denen Sie weiterfihrende Informationen finden konnen.

11.7 Sicherungswert Bewertung

Im Gerat befinden sich keine Sicherungen, die durch den Anwender ersetzt werden kénnen.
Sicherungen sind als Schutz eingebaut, falls im Gerat Fehler auftreten sollten. Sollte eine Sicherung
auslosen, so muss das Gerat zur Reparatur gegeben werden. Sicherungen dirfen ausschlieBlich
von daflir geschultem, technischen Personal ausgewechselt werden. In Tabelle 11-1 sind die
Sicherungswerte aufgelistet.

7200/400 Eingangssicherung F101 250V, 10A, Fast-Acting
7800 Eingangssicherung F101 250V, 16A, Fast-Acting

Tabelle 11-1: Interne Sicherungen
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sind ausser Funktion.

Lockout Modus betrieben?

einschalten und REM Taste am Frontpanel
betatigen.

Symptom Priifung Tatigkeit Ref.
Keine Ausgangsspannung. Ist das Netzkabel defekt? Falls erforderlich, Netzkabel ersetzen. 3.7
Displ Anzei i
dLIJS:kgS und Anzeigen sind Ist die Netzspannung innerhalb |Netzspannung priifen, Gerdt an passende (3.6
' des Eingangsbereiches? Versorgungsspannung anschlieen. 37
Ausgangsspannung liegt ) )
kurzfristig an, schaltet aber Bricht die Netzspannung Netzspannung priifen, Gerét an passende
. . zusammen, wenn am Ausgang . 36
sofort wieder ab. Das Display . . Versorgungsspannung anschlief3en.
. orn die Last angeschlossen wird?
zeigt "AC" an.
Ausgangsspannung liegt
kurzfristig an, schaltet aber Werden die Sense Anschliisse  [Prifen, ob die Lastleitungen 3.96
sofort wieder ab. Das Display benutzt? ordnungsgemal angeschlossen sind. 3938
zeigt "OUP" an.
A.usgangsspannung kann nicht Arbeitet das Gerdt im Strombegrenzungseinstellungen und 5.2.1
eingestellt werden. Konstantstrom-Modus? Laststrom priifen 522
CCLED am Frontpanel leuchtet. ' P ' -
Ausgangsspannung kann Prufen, ob die E|nstellun9 far OVP oder UVL so einstellen, dass keine
. . die Ausgangsspannung iiber } N ) - . 532
nicht eingestellt werden. CV Einschrankung im gewiinschten Bereich
der OVP oder unter der UVL 533
LED am Frontpanel leuchtet. | . : erfolgt.
Einstellung liegt.
Ausgangsstrom kann nicht . "
. Arbeitet das Gerdt im Strombegrenzung und
eingestellt werden. CVLED am Konstantspannungs-Modus?  |Spannungseinstellungen priifen >2
Frontpanel leuchtet. P 9 ’ P 9 genp '
. . |Werden die Sense Anschliisse Last- und Senseleitungen auf gute
Die Ausgangsspannung hat eine . - 394
L benutzt? Ist der Spannungsfall Verbindung priifen. Spannungsfall an den
hohe Restwelligkeit. o . . ; 398
liber die Lastleitungen sehr hoch? |Lastleitungen verringern.
Gerét mit dem Netzschalter abschalten.
Lastverbindungen priifen. Falls analoge
Keine Ausgangsspannung. Am | Der Uberspannungsschutzist  |Programmierung verwendet wird ist zu 532
Display wird "OUP"angezeigt.  |aktiv. prifen, ob die Einstellungen fir den OVP |~
niedriger als die Ausgangsspannung
eingestellt ist.
An der Riickseite den ENABLE Anschluss
Das Display zeigt "EnR" an. an J3 priifen. 572
SW1 ordnungsgemas einstellen.
. - An der Riickseite den Shut Off Anschluss
ggg{e- I,_AEuDsganngspinnunlgBr " Das Dlsplay zeigt 50"an. anJ3 prUfen. 5.7.1
am Frontpanel blinkt.
P I Priifen, ob die Liiftungséffnungen
Das Display zeigt "0EP" an. verschlossen sind oder ob sich 53.6
Heizquellen in der Nahe befinden.
Das Display zeigt "FOLd"an. Foldback Einstellung und Laststrom priifen. |5.3.4
Schlechte Lastregelung. CV  [Sind die Sense-Leitungen Sense-Leitungen laut Anweisungen im 398
LED am Frontpanel leuchtet. [ordnugsgemal angeschlossen? |Handbuch anschlieRen. o
Gerét ausschalten und warten bis die
Bedienelemente am Frontpanel Wird das Gerdt im Local- Anzeigen erloschen sind. Gerét wieder 726

Tabelle 11-2: Fehlersuche
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A

ac cables

ac fail
accessories
acknowledge
address

auto restart

B
backspace
baud rate

C

calibration
configuration
checksum
communication
constant current
constant voltage
cooling

D
daisy-chain
display

E
enable/disable
error message
external resistor
external voltage

F

fine

fix mode

foldback

fuse

front panel control
front panel lock

G
GEN protocol
grounding

global output
command

15

62

15

85

80, 85,87,102
59,88,99

85
81

135

80
85,86,93,131
14,15, 56, 80
38,52,58,72
38,52,58,72
14,36

69, 84
48,54,106

53,59,70
85,111,130
78

77

49,58

119

39,61, 66,88
9,136

48

49

85
10,45

89

USER MANUAL INDEX

H
humidity
hyper terminal

18,22, 26,30
88

|dentification Commands 86, 95

initialization
installation
interlock
isolated

L

last setting memory
linking cable

line feed

list mode

local operation
local sensing

M
maintenance
Master/Slave

o
otp
outline

over voltage

[
parallel operation
parity

PS_OK

preview

R

rack mounting
rear panel

remote sensing
registers structure
RS232

RS485

87,96,122
35

60, 69,70, 91
50,132

73

14,15, 84
85,92
107,120

58
37,41,43,45

135,136
65,88

62
32,33,34
38,60

52,65
85,92

53,64,69,70,72

49,87

35

48
43,45,50
125

50, 80, 82
50, 80, 82

141

S

safe start

safety

SCPI

series operation
shield

shut off
specifications
srq

status command

subsystem

T

TXD

TX (RS232)
trigger

UvL
Uvp
usB

w
warranty
wave mode

wire size

TDK-Lambda

59,62,71,88,99
9

80,81,92

62

15,41,42,43
53,69,70
16,132

81,125

91,94

65,69, 73,99

82,85
82
53,98,112,122

38,61, 88,90
61,62, 88,90
50, 80, 84

8,135
113,121
40
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