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Use of Operation Manual
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This manual has been prepared with the utmost care; however, if you have any questions, or note any errors
or omissions, please contact Kikusui distributor/agent.

Reproduction and reprinting of this operation manual, whole or partially, without our permission is
prohibited.

Both unit specifications and manual contents are subject to change without notice.
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ROM Version Number

This manual is applicable to the power supplies which
have the following version of ROM (read only mem-

ory).

2.00
(O denotes 0t0 9.)

When making any inquires on your power supply,
please indicate the following:

* Model No.
« ROM Version No.
» Serial No.

To find the ROM Version No., please refer to Section 2.3 "Power Turn-on" under
Chaper 2 "PRECAUTIOS AND PREPARATIVE PROCEDURES."
The Serial No. is indicated on the rear panel.

WARNINGS ) and

Before start using the power supply and during using it, be sure to read and strictly
observe the instructions given in the following:

"WARNINGS AND CAUTIONS" (next page)
Chapter 2 "PRECAUTIONS AND PREPARATIVE PROCEDURES"



WARNINGS AND CAUTIONS

WARNINGS AND CAUTIONS

Although the power supply incorporates various protective features, you must handle it very carefully in

order to avoid electric shock hazards to yourselves and to prevent damage to the equipment.
Strictly observe the and given below.

(WARNINGS )

II

1=

OBe sure to ground the power supply.

In order to prevent electric shock hazards, ground
the gronud terminal @ of the power supply by using
the GND wire (Green or Greeen / Yellew) of the AC
input power cable.

* If you neglect grounding the power supply or if the

oD

grounding line is made open, serious electric shock
hazards may result.

o not touch the input terminals.

The AC input power cable connection task involves
danger. The task must be undertaken only by quali-
fied personnel.

+ Before handling the AC input power cable or moving

OD

m

the power supply, be certain that the cable has been
disconnected from the AC power source.

o not touch the internal components.
Do not touch the internal components of the power
supply. Do not open the casing of the power supply.

©Do not use the power supply in an explosive at-

osphere.
Do not operate the power supply in an flammable,
explosive, or otherwise hazardous arca.



WARNINGS AND CAUTIONS

©Do not attempt to carry the power supply by your-
self alone.
- The power supply is heavy (its weight is shown at a
lower position on its rear panel). It must be carried
by two or more persons.

+ Do not attempt to move the power supply by holding
it by only one of its handles.

OOperate the power supply on a correct AC power
source.
Blermomims. o= - Be certain that the AC input voltage and frequency
el ° are within the specified ranges. (The AC line re-
0t . .
HBHDUUHH i o quirements are shown near the AC terminals.)
® o o b 01 - Use the AC input power cable which is supplied ac-
H UHUHHI:'HU companying the power supply. Do not use other
. cable.
rar e e X
- INOUT
ACI00V
50/60Hz
MAX 1300VA

©ODo not use a failed power supply.

* When the power supply has failed or has become
malfunctioning, immediately stop using it and dis-
connect its AC input power cable from the AC power
source--the AC line outlet or the AC power distribu-
tion pancl.

- Indicatc on the power supply clearly that it is out of
order and must not be used.
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WARNINGS AND CAUTIONS

Signs and Marks

The signs and marks put on the power supply are as follows.

WARNINGS

CAUTION

Iv

Slgn for possible electric shock hazards

+ This sign warns you that the place involves a danger-
a matter of electric shock hazards to the personnel
and damage to the equipment.

* When handling the matter related to the place, be sure

to observe strictly the instructions given in the text of
this manual.

* Unless you strictly observe the instructions, you will

be exposing yourself to a danger of electric shock
hazards.

* Until you fully understand the matters related to the

WARNING, do not proceed to further steps of op-
eration procedure.

Sngn for possible damage

+ This sign alertyou to that the place involves a matter
which can lead to damage to the power supply and/or
the devices connected to it.

+ When handling the matter related to the place, be sure

to observe strictly the instructions given in the text of
this manual.

» Unless you strictly observe the instructions, the

power supply and/or the devices connected to it may
be damaged.

* Until you fully understand the matters rclated to the

CAUTION, do not procced to further steps of opcra-
tion procedure.

Mark for inhibition of disassembly or removal

+ This mark appears on thc AC input terminal cover.

- The mark means that the cover must not be removed

by other persons than qualified electronics personnel.

+ Before removing the cover, be certain that the AC

input power cable has been disconnected from the
power source the AC line outlet or the power distri-
bution panel.

Mark to refer to operation manual
+ This mark requests you to refer to the corresponding

scction of the operetion manual.

Earth ground

Chassis ground



WARNINGS AND CAUTIONS

Warnings, Cautions and Notes

The warnings, cautions, and notes given in this operetion manual deal with matters as follows:

( WARNINGS ) - A matter which can lead to electric shock hazards.
* A matter which can lead to damage to the power supply and/or the devices con-

nected to it.

NOTE * Supplemental information.



RECEIVING INSPECTION

RECEIVING INSPECTION

The power supply is shipped by the vendor upon full mechanical and electrical inspection and test to war-
rant that it meets the specifications. Upon receipt of the power supply, please immediately inspect it for
damage which might have occurred during transportation. Also check that the accessories are present. If
there are any signs of damage or missing accessories, please immediately notify the transporation company
and/or your Kikusui agent as cases may call for.

The power supply (main instrument) and its accessories delivered to you should be as follows:

) Accessories
Operation manual

Accessories

* AC input power cable (1) * Operation manual (1 copy)
* Sequence operation guidebook (1 copy)

=

» Terminals for analog * Hood cover (1 set)
remote control (20)

« Seals (2 sheets)

\2



PACKING FOR RE-SHIPMENT

PACKING FOR RE-SHIPMENT

To re-ship the power supply, use the packing materials in which the power supply was delivered to you.
For packing, refer to the illustration on the preceding page.

* When packing the power supply, disconnect the AC input power cable, load cables, and control connec-

tors.

+ If you have discarded the packing materials, please order your Kikusui agent for new ones.
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COMPOSITION OF THE INSTRUCTION MANUAL

COMPOSITION OF THE OPERATION MANUAL

This Operation manual is composed of seven chapters and appendices as follows:

Chapter 1. GENERAL
Introduces an outline and features of the power supply.

Chapter 2. PRECAUTIONS AND PREPARATIVE PROCEDURES

Describes the procedures for installation, AC input power cable connection,
power-on test, operation mode selection, and load connection.

Chapter 3. OPERATING METHOD
The former half of this chapter introduces the names and functions of keys, indi-
cators and other panel items, and describes the basic operation method of the
power supply; the latter half describes procedures for sequence operation and
applied types of operation.

Chapter 4. REMOTE PROGRAMMING

Describes the procedures to remote-control the power supply via an interface
board (optional) from an external controller.

Chapter 5. PANEL DESCRIPTION
Introduces the names of and describes the functions of the switches and other
items of the front and rear panels.

Chapter 6. MAINTENANCE AND CALIBRATION
Describes the maintenance, inspection, and calibration methods.

Chapter 7. SPECIFICATIONS

Gives tables of electrical specifications, mechanical specifications, accessories,
and optional items.

APPENDICES
Provides an error message table, a troubleshooting chart, a table of factory-de-
faults, a menu configuration chart, sequence coding sheets, and a table of 1D
codes for calibration.

IX
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Chapter 1.
GENERAL

This chapter introduces an outline and features of the PBX Series Bipolar
Power Supplies.

Contents

1.1 Outling  =vverereereereseremnnttoietctetiietecneiantainnoenss 1-2
1.2 FealUres «-es+etorresesersensansacantatontonaatantonsonisnocsns 1-3



Chapter 1. GENERAL

1.1 Outline

The PBX Series Bipolar Power Supplies are regulated power supplies of a bipolar-type, featured by per-
formance reliability and safety. They employ a power amplifier system, thereby rendering advantageous
features such as low ripple noise, high stability, and rapid response.

Being a 4-mode type, they serve also as a source or a sink of power, or as a booster of a function generator.
They are microprocessor-based instruments and provide advanced functions and ease of operation.

Each of them can operate either in a constant-voltage mode (C.V mode) or in a constant-current mode (C.C
mode), mutually independently. This allows you to use them also as a constant-current source or as a volt-
age-controlied current source.

You may remote-controlled them via an optional GPIB, RS-232C, or MCB(Multi-channel Bus) interface,
thereby making them applicable to various purposes. Typical applications are for research systems in
laboratories and for automatic production and inspection lines in manufacturing plants.

1-2



Chapter 1. GENERAL

1.2 Features

Each PBX Power Supply is incorporated or can be optionally incorporated with the various advantageous
features as follows:

HEFour operating modes
The power supply allows you to select one of the following four types of operating modes.

- Fast C.V mode : Operates with rapid rise/fall time--selectable for [50 4 s], [500 x s] or [5 ms].
Frequency response is 30 kHz with respect to the external control signal when
in "Through" setting.

- Normal C.V mode : Operates stably with low ripple noise. Since the power supply employs a power
amplifier system, the output noise is small.

- Dynamic C.C mode: Operates with rapid response to load change--response time selectable for [100
¢ 81, [S00 4 s] or [S ms]. Frequency response is "Through"5-10 kHz with re-
spect to an external signal when in the "THRU" setting.

- Static C.Cmode : Operates stably even against large load change.

M Sequence control of output
You can enter sequence control patterns locally from the front panel or remotely from a personal com-
puter via GPIB or other interface bus, and store them as sequence files on the internal memory.
The stored files can be recalled locally from the front panel or remotely from the personal computer via
the interface bus.
Control sequences can be programmed in either one of the following two types:
(a) Fast speed sequence : You can program sequences with minimum 100 , s per step.
(b) Normal speed sequence : You can program sequences with a ramp waveform per step.

M Variable-amplitude power booster function
You can use the power supply as a variable-amplitude power booster to boost the output current of an
external signal generator. Thus, you can obtain a boosted current from the power supply without chang-
ing the output level of the external signal generator.
By operating the power supply in the C.C mode, you can directly control the load current with an exter-
nal control signal. Thus, you can attain a voltage-controlled current source.

M Various interface boards (optional)
The power supply can be controlled over a GPIB, RS-232C, or MCB interface bus. This feature, as com-
bined with the programmed sequence control function, allows you a high flexibility of power supply sy
stem configuration.
The MCB is a unique bus system developed by Kikusui. It allows you to control up-to-fifteen instru-
ments (power supplies and electronic load devices) in an on-line mode over a standard bus system (GPIB
or RS-232C).

B Ease of operation
Numeric entry keypad, arrow keys, and JOG/SHJUTTLE dials are provided on the front panel,.to facili-
tate entry of numerical values and selection of menu items.
Operation of the power supply in memory and recall them whenever you need them. Up to four different
patterns of voltage/current settings can be programmed and stored in different locations of memory.
This feature is convenient especially when you want to repeat tests with the same of the power supply.

1-3



Chapter 1. GENERAL

M A large backlight LCD
The power supply has a large backlighted-type LCD (liquid crystal display), which indicates output volt-
age or current settings, readbacks, and other operation data.

M Ease of calibration
The power supply can be calibrated easily with the keys on the front panel, without requiring any sophis-
ticated calibration procedures (but requiring a digital voltmeter and a shunt resistor).

M Various protective provisions
The power supply has a software/hardware postive/negative output voltage limit function (£V limit
function) and a software/hardware postive/negative output current limit function (%I limit function).
You can set the software limits by key entry and the hardware limits by potentiometer settings. Of the
software limit and hardware limit of the same objective item, the one which is of a lower value (safer
value) becomes effective. Typically, you may use the software limits as more frequently-changeable
shallow limits and use the hardware limits as less frequently changeable deep limits. In this manner of
use, you can be safer even when you have entered a wrong software limit by a key stroke error or have
committed a similar mistake, as you will be backed up by the hardware limit.
The power supply provides also a percentage method for automatic setting of software limits. If you
specify an allowable percentage for the existing output voltage or current setting, the same percentage is
maintained even when the setting is changed. That is, the limit value automatically slides with respect to
the output voltage or current setting.
The power supply has an OVP (overvoltage protector). You can select either [POWER switch OFF] or
[OUTPUT OFF] for the protective action to be taken when the protector has tripped.
The power supply incorporates an overtemperature protector and an AC input overcurrent protector,
also.
As above, the power supply incorporates various protective provisions to protect the power supply itself
and its load.

M Analog remote control
You can remote-control the output voltage or current with an external voltage signal or resistance signal.
You can also remote-control tuming OFF of the AC POWER switch and tuming ON/OFF of the output.
The power supply provides various status signals, also.

EOutput monitor function
The power supply allows you to monitor the output voltage and current in rms values. It allows also to
monitor the maximum and minimum peak values of the load current under the C.V mode, and other data.

B Exclusive remote controller (optional)
The remote controller allows you to extend virtually the front panel to a remote position convenient for
you. The control functions of the remote controller are identical with those of the front panel of the
power supply. The remote controller has a 20-column 2-row LCD display which indicates the same data
as that indicated on the display of the power supply (main instrument). ‘
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Chapter 2.
PRECAUTIONS AND
PREPARATIVE
PROCEDURES

This chapter gives you information on precautions you must observe and
preparative procedures you must follow before start operating the power

supply.
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Chapter 2. PRECAUTIONS AND PREPARATIVE PROCEDURES

2.1 Installation

2.1.1 Environments

Avoid using the power supply in adverse or hazardous environments as mentioned below.

OFlammable atmosphere
Do not use the power supply in flammable or explosive atmos-
phere, to prevent fire or explosion hazards.

OHigh temperature
Do not expose the power supply to a source of heat, such as
direct sunlight (near a window), a space heater, etc. Avoid a
place where temperature may change rapidly.
(The temperature range for the guaranteed performance is O to
40C or 32°F to 104°F .)

OHigh humidity
Do not expose the power supply to high humidity--do not
place it near a water heater, a humidifier, a water faucet, or a
bath. (The humidity range for the guaranteed performance is
30 to 80% RH.)

OCorrosive atmosphere
Do not expose the power supply to corrosive atmosphere--
such as of sulfuric acid mist.
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Chapter 2. PRECAUTIONS AND PREPARATIVE PROCEDURES

ODusty place

OBlocked ventilation air flow
Do not block the cooling air flowing through the air intake and
exhaust louvers of the power supply.
Provide an ample space (30 cm or more) behind the rear panel
of the power supply.

©Unstable position
Do not place the power supply on a swaying table, slanted
bench, or otherwise unstable position.

OStrong electric or magnetic field
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Chapter 2. PRECAUTIONS AND PREPARATIVE PROCEDURES

2.1.2 Precautions for Moving the Power Supply

(WARNINGS ) * Be sure to disconnect the AC input power cable from its power source before mov-
ing the power supply.
* The power supply is heavy (its weight is shown at a lower position on its rear panel).
Do not attempt to carry it by yourself alone--it must be carried by two or more per-
sons.

* Do not attempt to move the power supply by holding it by only one of its handles.
(For how to use the handles, sce the description which follows.)

M How to Use the Handles

@ Slide the two lock switches simultancously in the "UN-
LOCK" direction, and the handles will beccome movable.

(@ Fully pull-out or push-in the handles until they click.
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2.2 Conncting the AC Input Power Cable

( WARNINGS )

/

© The task of connecting the AC input power cable to the
AC input terminals of the power supply and to an AC
power distribution panel involes danger. The task must be
undertaken only by qualified electronics personnel.

© Before handling the AC input power cable, make certain
that the cable has been disconnected from the AC power
source.

© Be sure to ground the power supply.

* In order to avoid electric shock hazards, be sure to connect
the GND ( @ ) terminal of the power supply to an earth
ground by using the GND wire (green or green/yellow
wire) of the AC input power cable.

* Note that, unless the GND terminal is securely connected
to an earth ground, serious electric shock hazards can re-
sult.

© Be sure to put back the AC input terminal cover.

* Never run the power supply with its terminal cover left
removed. Be sure to put it back in order to guard against
inadvertently touching the input terminals.

© Use the AC input power cable that is supplied accompany-
ing the power supply. When it is unavoidable to use other
cable, use a one which has sufficient voltage and current
ratings and is nonflammable and has been determined to be
appropriate by a qualified electronics engineer.

» Make certain that the AC source voltage and frequency are
within the specified ranges.

AC Input Power Cable Connection Procedure

© The AC input power cable connection task involves
danger. The task must be undertaken only by qualified
electronics personnel.

@ Remove the AC input terminal cover at a right hand
position on the panel.

@ If the leak current is not permissible, disconnect the short
piece from between the GND (@) ) terminal and the FIL-
TER GND terminal. If the leak current is permissible, pro-
ceed to Step @.

 For the leak current, see the subsequent page.
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®® Pass the AC input power cable through the input terminal
cover.

» To pass the cable more easily, you may disassemble the
cable clamp as illustrated.

» Clamp the cable by its sheath end (A).

@ Connect the cable to the input terminals.
» The core wires of the cable are color coded as shown be-
low. Be sure to connect the correct wires to the correct

terminals.

L (live) : Black or Brown

N (neutral) : White or Blue

GND ( @ ) : Green or Green/Yellow

A section of screw on this terminal board is 4 mm (M4).

(® Put back the terminal cover.

® Securely tighten the cable clamp.
» Make certain that the cable is securely clamped and is not
loose.

Connecting the power supply to a switchboard

Depending on model or input voltage of the power supply, the supplied AC input power cable may not be
equipped with a plug. To connect the AC input power cable, put crimping terminals which are suited to the
terminals of the switchboard on AC input power cable.

Work to connect the power supply to the switchboard must be performed by qualified personnel.

Switchboard

7

/ﬁjﬁ%}

Check terminal polarity of the switchboard, and connect the AC input power cable surely.
L (live): Black or Brown
N (neutral): White or Blue
GND (@ ): Green or Green/Yellow
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[

Leak Current
A noise filter is provided in the input circuit of the power supply, in order to reduce the com-
mon-mode noise which could be generated between the AC line and the chassis. The noise
filter has capacitors connected between the L (live) line and the N (neutral) line. A leak current
flows through these capacitors.

A Noise Filter | {
L Oo— T T AAAS _I_ T
AC INPUT ! -[ 1 :
N | I
v T T ' :
]
@ : _l_rvwx 4 1_ !
! ]
| e e e e L1

FILTER
GND ||/
PBX casing
) 7
Short piece

When a multiple number of power supply units arc operated together (typically, being installed
on a rack) and the leak current is untolerably large, execute the procedure of Step @ of the pre-
ceding page and provide other noise filter on the AC input side as shown below.

Other noise filter

O— —~

ACINPUT E

O——— Y Y Y

@ O O O
O O —O
PBX PBX PBX

input terminals input terminals input terminals
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2.3 Power-on Test

Perform power-on test of the power supply as follows:

M Power-on Test Procedure

(D Make certain that the POWER switch is OFF.

(2 Make certain that the instrument-side end of the AC input power cable is connected to the power
supply.

(WARNINGS ) - If the cable is not connected yet, connect it observing the instructions given in
"WARNINGS AND CAUTIONS, Chapter 1 "GENERAL" and Chapter 2 "PRE-
CAUTIONS AND PREPARATIVE PROCEDURES."

(® Connect the power-source-side end of the AC input power cable to an AC line receptacle or
power distribution panel.

+ Make certain that the AC line voltage and frequency arc within the specified ranges.

@ Tum-on the POWER switch of the power supply.

Normal indications
If the power supply is normal, a sign-on display (Model No. and ROM Version No.) will appear for about
2 seconds and then a root display will appear as shown below.

(An example of sign-on display) (An example of root display)
PBX 20-5 Ver1.00] »|0OUT 0.000V 0.00A
NONE KIKUSUI

Mode indicator C.V to the left of the display will illuminate.
(The factory-default for mode setting is C.V.)
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Abnormal Indications

If one of the below-mentioned states occurs, the power supply is abnormal. If this is the case, follow the
instructions indicated below. If the abnormal state is not remedied still, order your Kikusui agent for repair.

* The display screen backlight does not illuminate and nothing is displayed on the screen.

w Make certain that the AC input power cable is con-
nected correctly. Then tumn-on the POWER switch
again.

+ Although the display screen backlight illuminates, nothing is displayed on the screen.

& Adjust the CONTRAST control (varies depending
on temperature). Then turn-on the POWER switch
again,

+ Although a cursor is displayed, no characters are displayed.
Cursor

w If an interface board (optional) has been installed,
| remove it and then turn-on the POWER switch
again. If the display is remedied by this procedure,
install the interface board and then turn-on the
POWER switch.

- The output voltage or current value indicated on the root display is abnormal.

(This is an example.)

OUT -36.234V —-11.01A

¥ Turn-on the POWER switch again.

- An error message appears.

(This is an example.)

EEP ROM W Error. = Referto Appendix 1 "Table of Error Messages” and
take the actions as instructed there. Then turn-
on the POWER switch again.

- Both C.V and C.C indicators illuminate or do not illuminate.

v = Tum-on the POWER switch again.

(5 Tum-off the POWER switch.

The power-on test procedure is complete by the above.
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2.4 Operating Mode Selection AN\

The power supply can operate in one of the four modes mentioned below. Select one of them.

Fast C.V mode:
This mode is for rapid rise up and fall down (selectable for [SO u s], [SO0 ¢ s], [Sms], or [Through]).

Dynamic C.C mode:
This mode is for rapid response to load change. For a resistive load, the current can rapidly rise up
or fall down (selectable for [100 y s], [S00 x s], [Sms], or [Through]).

- If a capacitor whose high-frequency impedance is small is connected directly to the
output terminal, the setup may oscillate depending on conditions of the load.

« If you select the dynamic C.C mode when the load is inductive, the setup may oscil-
late due to phase rotation. To prevent this, nullify the phase rotation by connecting in
parallel to the load a circuit consisting of a capacitor and a resistor connectcd in
series.

Normal C.V mode:
The internal electrolytic capacitor of the power supply is connected in parallel to the output termi-
nals and consequently the power supply delivers a stable output voltage with less noise.

Static C.C mode:
The intemnal electrolytic capacitor is connected in parallel to the output terminals and consequently
the power supply delivers a stable output current even against large load changes and the ripple
noise of the output current is small.
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Operating Mode Selection
To select an operation mode, call out a configuration menu with the [SHIFT] + [0] CONFIG
keys. Switching between the fast C.V mode and normal C.V mode or between the dynamic
C.C mode and static C.C mode can be done with the mode select terminals on the rear panel.

M Switching between C.V mode and C.C mode

The C.V mode is to operate the power supply as a constant voltage source and the C.C mode is to operate it
as a constant current source. To change between these modes, turn-on the POWER switch, make certain
that the power supply operates normally with the procedure of Section 2.3 " Power-on Test,” call out a
configuration menu with the [SHIFT] + [0] CONFIG keys, and select the C.V or C.C mode from 1:
[CV/CC] of 2: [Start Up] of the configuration menu. Refer also to Section 3.5.1 "Configuration."

@ In the output OFF state, press the [SHIFT] + [0] CONFIG keys.

>1: Local/Remote (Configuration menu)
2. Start Up - Items 1 and 2 (among total items 1 - 9) of configu-

ration menu will appear.

@ Pressthe [2] key to select [Start Up).

>1: Cv/CC (Startup menu)
2: Output * Items 1 and 2 (among total items 1 - 3) of menu
will appear.

@ Press the [1] key to select [CV/CC].

>1: CVv/CC (Startup menu)

> 1:<CV> + The items enclosed in <> is the one currently sele-
cted. There are menu items 1: [CV] and 2: [CC],
which you can check with the [A] and [V] keys.

@ Select the [CV] mode with the [1] key or the [CC] mode with the [2] key.

Power on CV,/CC - This example is for the [CC] mode.
cC

W At about 1 second later

>1: CV/CC * When the sctting is over, the startup menu resumes.
2: Output - Starting by the next power turn-on, the powcr supp-
ly will operate in the C.C mode.

+ The C.V and C.C indicators denote the operating modes of the power supply. When
the modes are changed between [CV] and [ CC] with a procedure as above, the indi-
cations by these indicators remain unchanged.
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® Press the [ESC] keys twice.

ouT 0.000V 0.00A - The root display resumes.

(® Tum-off the POWER switch. Check the type of the load and the connection to the load, and then turn-
on the POWER switch again. The power supply will operate in the C.C mode and the C.C indicator will
illuminate.

* Be sure to select the correct one of the C.V and C.C modes. If you select a wrong
mode, overvoltage or overcurrent may result and the load can be damaged.
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B Switching between two types of C.V mode or between those of C.C mode

* Before switching between fast C.V mode and normal C.V mode or between dynamic
C.C mode and static C.C mode, be certain that the POWER switch has been tumed
off. If the load is capacitive, disconnect it.

(D Remove the cover of the mode select terminal block on
the rear panel.

(@ Connect the mode select short piece to the terminals
corresponding to the mode you want to select.

® Put back the cover.

* Be sure to put back the cover of the mode select terminal block.
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2.5 Load Connection Procedure

(D Remove the rear output terminal cover. Conncct the
load-connection cables to the output terminals of the
power supply. The output terminals are M4.

® Put back the terminal cover.

* Be sure to put back the terminal cover.

2.5.1 Notes for Particular Types of Loads

OIf you select the dynamic C.C mode when supplying a

T; constant current to an inductive load, the setup may
PBY C{?L oscillate due to phase rotation. To prevent this, com-
COM ; pensate for the phase rotation by connecting in parallel

to the load a circuit consisting of a capacitor and a re-
sistor connected in series.

OIf a capacitor whose high-frequency impedance is
STk small is connected directly to the output terminal, the
PBYX W —=———> = |LoAD setup may oscillate depending on conditions of the
s load
COM}|= .

OIf the load is regenerative and its output voltage is
higher than the power supply output voltage, the power
] supply output circuit will draw from the load a current
PBX Cv OV — of up to the I limit setting of the power supply. When
ggP%VON CoM lin this state has occurred, even if the output voltage limit
setting is +11 V for example, the output terminal volt-
age will become +12V if that of the load is +12V for
example. When the output circuit is set to OFF, how-
ever, it draws almost no substantial current because it
is in a high impedance state.

12V

i
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« Pay attention so that no voltage higher than the rated output voltage of the power
supply is applicd to its output circuit, and that no current larger than the rated output

current of the power supply is fed to or drawn from the power supply.

PBX

Surgé iR

absorpcr =C

i

COM

2.5.2 Notes for Load Connection

I LIMIT

OWhen a current with peaks is drawn from the power

supply operating in the constant-voltage mode, the
LIMIT LED may not illuminate even when peaks have
exceeded the =1 limit setting and the power supply is
driven into the current limit state for very short periods.
When this state has occurred, the power supply will not
maintain the constant-voltage function and the voltage
will drop.

(The same applies also when a voltage with pcaks is to
be delivered from the power supply operating in the
constant-current mode.)

lo lo

[ e e

©1f the power supply is in the dynamic C.C mode and the

load is inductive and the current setting is high, the out-
put voltage may sharply rise and the OVP may trip
when the output is turned on. To prevent such OVP
trip, set the output at a low value when tuming it on and
then gradually increase it, or use the static C.C mode.
When turning the output off, the OVP may trip due to a
reverse voltage. The reverse voltage can be so large
that it damages the power supply. To prevent such re-
verse voltage, provide an appropriate surge voltage
absorber or gradually lower the setting and then turn the
output off.

When connecting a load to the power supply, note the following:

- Use large cables. Make the connection distance as short as possible.

- Strand the OUT cable and COM cable.
* Pay attention so that no loops are formed.

+ Wire gauges (nominal cross section arcas) recommended by Kikusui are as follows:

Upto SA ...
Upto 10A .......
Upto 20A .......
Upto 30A .......

1.25 mm?
2 mm?
5.5 mm?
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Chapter 3
OPERATING METHOD

The former half of this chapter introduces the names and functions of keys,
indicators and other panel items, and the basic operating methods of the
power supply; the latter half describes procedures for sequence operation
and other applied types of operation.
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3.1 Descriptions of Front and Rear Panels
3.1.1 Front Panel

Refer to chapter 5. "5.1 Front Panel".

3.1.2 Rear Panel

Refer to chapter 5. "5.2 Rear Panel".

Chapter 3. OPERATING METHOD
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3.1.3 Functiona Block Diagram
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3.2 Basic Operating Method 1

This section describes the basic panel operating method and messages displayed, the basic voltage/current
setting method, and the protective functions of the power supply.

3.2.1 Turning ON/OFF the POWER Switch

The top position of the POWER switch is for ON and the bottom position for OFF. As you turn ON the
POWER switch, a sign-on display will appear and, after about 2 seconds, a root display will appear.

(Sign-on display)

(Root display)

PBX 20-10 Verl.00/| * Model No.and ROM version No.

W At about two seconds later

OUT 0.001V 0.00A | - Actual output voltage and current

The sign-on messages differ depending on whether an interface board is installed on the power supply or
not. If an interface board is installed, its type is displayed on the bottom row.

PBX 20-10 Verl.00
X X X X KIKUSUI

Examples of message " X X X X"

[NONE] : No interface board

{GPO1] : GPIB interface board (Device address: 01)

[RS96] : RS-232C interface board (Transmission rate 9600 bps)
[MCO1] : MCB interface board (Device address: 01)

* This chapter takes Model PBX20-10 power supply (rated voltage =20V, rated cur-
rent = 10A) as an example for descriptions.
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3.2.2 Basic Panel Operation Method

This section describes the basic front panel operating method and the menus displayed.
[1] To select a function

+ If you press a function key, the function indicated with black letters
on top of the key is selected.

ESC + If you want to select the function indicated with blue letters below a
function key, press at first the [SHIFT] key and check that the LED
RESET immediately above it has lighted, and then press the function key.

For example, if you want to select the RESET function which is
indicated below the [ESC] key, press at first the [SHIFT] key
and then press the [ESC] key.

In this book, a key operation which involves pressing of the [SHIFT] key is expressed as fol-
lows:

[SHIFT] + [ESC] RESET ... Means that you should press the [SHIFT] key first and the
[ESC] key next, to select the RESET function.

[2] To increase/decrease a numeric entry value

A numeric value to be entered can be increased or decreased with the numeric keys or with the JOG/
SHUTTLE dials.

Direct entry with numeric keys
Type a value on the display with the numeric keys and then press the  [ENTER] key.
To enter a "+" or "—" sige press the [SHIFT] + [ -] +/- keysorthe [ -] key twice. Each time as
you press the keys, the sige will change between "+" and "-".

- To amend a value you have typed by mistake, use the following keys.

[CLR] : To clear all letters you have typed
[BS] : To delete the only one letter you typed last
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Increase/decrease with JOG dial

The value increases as you tumn the dial clockwise, and vice versa.
The value is entered automatically.
One click

\\ - The amount of change per one click is adjustable. Refer to
Section 3.3.5 "Setting the Click Resolution."”
* The factory default for click resolutionis 0.1V/0.1A per click.
+ One full turn of the dial is equivalent to 10 clicks.
DEC INC

JOG dial

Increase/decrease with SHUTTLE dial
During the period you keep the dial in a clockwise position, the
typed value increases continuously, and vice versa. The value is
entered automatically.

* The larger the angle you have turned the dial, the larger is the
change rate.

SHUTTLE dial

Increase/decrease with ARROW keys

Eachtime you press the [A] key, the valuc increases; cach time

you press the [¥7] key, the value decreascs.

* The increment/decrement is identical with the click resolution
of the JOG dial.
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[3] Menu Selection

When a menu is displayed, a prompt ">" appears at the left hand end of the display. You can move the
prompt with the numeric keys, JOG dial, or [A] and [V] keys.

* To select with numeric keys
You can directly select one of the menu items by pressing the corresponding one of the numeric keys.

* To select with JOG dial
The prompt ">" moves downward as you turn the JOG dial clockwise, and vice versa. (The prompt cir-
culates along the menu items.) Move the prompt to the item you necd and then press the [ENTER)
key.

* To select with ARROW keys
The prompt ">" moves upward as you press the [A] key and it moves downward as you press the
[¥] key. (The prompt circulates along the menu items.) Move the prompt to the item you need and
then press the [ENTER] key.

For example, when there are four menu items, the prompt circulates along the items as follows as you
press the [A] or [V] keys or tum the JOG dial.

XXXXXXXX
XXXXXXXX
XXXXXXXX

)
OXXXXXXX
LOXXXXXXXX
LOXXXXXXXX
LOXXXXXXXX
¢ XXXXXXXX

OXXXXXXXX
XXXXXXXX

—
V
DO — QO DO b = W

XXXXXXXX
XXXXXXXX /F
102 XXXXXXX
T XXXXXXXX
T OXXXXXXXX
T OXOXXXXXXX
T XXXXXXXX

— QO

(GO RNSVERN S ¥ %)

NOTE * The power supply has an intelligent featurce that it memorizes the menu number item
you sclected. When you call up the menu next time, the item number you sclected last
time number will appear in the top row of the menu.
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[4] To escape from procedure

If you want to escape from the current procedure, press the [ESC] key. Each time you press the [ESC]
key, the menu which is higher by one level (the immediately preceding menu) will appear.
- Even when you have press the [ESC] key, the [OUTPUT] key is not reset.

[5] Turning ON/OFF the output

Each time you press the [OUTPUT] key, the power supply output is turned ON or OFF altemnately.
When in the ON state, the <OUTPUT> LED will light.

In the subsequent Sections 3.2.3 through 3.2.8, the basic operating procedures of the power supply are
explained. For the explanation, the factory defaults are assumed for all settings.
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3.2.3 Selecting the C.V or C.C Mode

The item you must select first for operation configuration of the power supply is either the C.V mode
(constant voltage mode) or the C.C mode (constant current mode). To sclect a mode, proceed as follows.
(Refer also to Section 3.5.1 "Configuration.")

(D When the root display is displayed directly after turning ON the POWER switch, press the [SHIFT] +
[0] CONFIG keys.

(Configuration menu)
>1: Local/Remote
2: Start Up

@ Press the [2] key to select [Start Up).

(Startup menu)

>1:
2

cv/CccC
OQutput

@ Press the [1] key to select [CV/CC).

>1:

cv/CccC

>1:<CV>

- The item enclosed in <> is the currently existing sct-
ting.
* There are two menu items, namely, 1: [CV] and 2:
[CC]. You can check them with the JOG dial or the
[A) and [V] keys.

@ Press the [2] key to select [CC] or the [1] key to select [CV].

cC

Power on

cv/CC

Power on CV/CC

CvV

The above message will appear if you select [CC].

W At about 1 second later

>1:
2

cCv/CC
Qutput

(® Tum ON the POWER switch again.

ouT

0.000V

0.00A

Caution

3-12

The above message will appear if you select [CV].

+ When the above setting is over, the startup menu re-
sumes.

* Switching between C.V mode and C.C mode becomes
effective as you turu ON the POWER switch after tu-
ming it OFF once. The CV or CC LED illuminates to
indicate the mode in which the power supply is ope-
rating.

* Be sure to disconnect the load when changing the modes between C.V and C.C.
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3.2.4 Voltage (or Current) Setting and Output ON/OFF
The most basic setting procedures for operating the power supply are to set its output voltage (when in the
C.V mode) or its output current (when in the C.C mode) and to turn ON or OFF its output.

To set the output voltage (or current), press the [SET] key to enable setting of the output voltage (or
current) and then specify the required value with the JOG/SHUTTLE dials, [A] and [V] keys, or
numeric keys.

B Examples of Voltage Setting and Output ON/OFF Procedures (when in the C.V mode)

Assume that you want to set the output voltage at 5.0V directly with the numeric keys, to turn ON the
output, to change the set value with the JOG dial or [V’] key or SHUTTLE dial, and then to turn OFF the
output. For these operations, proceed as follows:

@ Press the [SET] key.

« The <SET> LED will light, indicating that the voltage

OUT 0.001V - 0.01A setting mode is enabled.

SET 0.000V = The top row of the display indicates the readback values of
the actual output voltage and current.

+ The bottom row of the display indicates the values set for
the output voltage and current.

@ Pressthe [S] , [.] , [0] , [0] ,and [ENTER] keys in this order.
(Direct setting with the numeric entry keys)

ouT 0.001v - 0.01A
SET 5.000V + The typed value is entered and set as you press the

[ENTER] key.

® Press the [OUTPUT] key.

» The <OUTPUT> LED will light, indicating that the output
OouUT 4.999v 1.23a is ON.
SET 5.000V

@ Turn the JOG dial clockwise.

(Setting with the JOG dial)

ouT 5.098V 1.25A « As you turn the dial clockwise, the voltage will increase

SET 5.100V with a resolution of 0.1V per click.

» The typed value is automatically entered and set each time
you change it.

® Press the [V] key
(Setting with the [V7] key)

OUT 4 999V 1.23A + Asyou press the [Z7] key, the voltage will decrease.
SET 5.000V « The typed value is entered and set each time you change it.
» The resolution of change is the same as that with one click
of the JOG dial.

(® Turn the SHUTTLE dial clockwise and then return it.

(Setting with the SHUTTLE dial)

ouT 5.248V 1.28A « As you turn the dial clockwise, the voltage will increase.
SET 5.250V « The typed value is automatically entered and set each time
you change it.
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(@ Press the [ESC] key.

OUT 5.248V 1.28A

Press the [OUTPUT] key.

ouT 0.001v - 0.01A

The root display will resume.
The <SET> LED will go out, indicating that voltage set-
ting mode is disabled.

The <OUTPUT> LED will go out, indicating that the out-
put is turned OFF.

NOTE « By using the JOG dial, [A] or [V] key, voltage or current is able to set with

resolution of 0.001V.

For the procedure to change the resolution of voltage or current change with the JOG
dial, [A] or [V7] keys, refer to Section 3.3.5 "Setting the Click Resolution".

While you may set the output voltage with the highest resolution of ImV at any time, the
resolution of the actual output voltage is corresponding to it only when you have set the
Auto Fine function to be ON. If you have set it to OFF, even when you have set, for
example, the output voltage at 10.003V, the actual output voltage will be the same as that
when the output is set at 10.00V.

B Examples of Current Setting (when in the C.C mode)

To set the output current, follow a similar procedure as above. An example of current setting display is

shown below.

OouT
SET

0.001v - 0.01A

0.00A

Although the display is down only to 10mA, the internal processing is with a resolution of ImA. When
setting with the numeric entry keys, if you type 5.003 for example, the display will be 5.003A and, as you
press the [ENTER] key, the figure of the least-significant digit (1mA digit) will be rounded, and yet the
actual setting within the instrument remains at 5.003A.

ouT
SET

4.999v 1.23A

5.003A

Press the [ENTER] key

ouT
SET

4.999Vv 1.23A

5.00A

3-14

o Ifyou have selected the 0.001 A resolution, the 0.01A digit changes by a unit per 10 clicks

with the JOG dial, [A] or [V] key.

While you may set the output current with the highest resolution of ImA at any time, the
resolution of the actual output current is corresponding to it only when you have set the
Auto Fine function to be ON. If you have set it to OFF, even when you have set, for
example, the output current at 5.003A, the actual output current will be the same as that
when the output is set at 5.00A.
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3.2.5 Fine Setting of Output Voltage (or Current)

The output voltage (or current) can be set more finely than can be set with the regular resolution. For fine
setting, an offset value is added to the value set by the [SET].

(+) - l ----- Fine setting (with a "+" offset)
SET — I °

ov

B An example of Fine setting procedure (when in the C.V mode)

(D When the Root display is shown, press the [SHIFT] + [SET] FINE keys.

+ Indicates that the Fine voltage setting is enabled.
OUuT 11.999v  0.50A « (The <SET> LED will light.)

V Fine +000 + The bottom row indicates the Fine value.

(@ Turn the JOG dial clockwise.

(Fine setting with the JOG dial)

ouT 12.002v 0.50A « As you turn the JOG dial clockwise, the Fine value in-
V Fine +015 creases.

» The value is automatically entered each time it is changed.

(® Turn the SHUTTLE dial counterclockwise and then return it.

(Fine setting with the SHUTTLE dial.)

ouT 11.978V 0.48a » As you turn the SHUTTLE dial counterclockwise, the Fine
V Fine -040 value decreases.

+ The value is automatically entered each time it is changed.

@ Press the [ESC] key.

» The Root display will resume.
OUT 11.978V 0.48A » The above Fine setting is maintained.

® Press the [SET] , [1] , [2] and [ENTER] keys in this order to set the output voltage.

ouT 11.999v  0.50A « At this point, the Fine value setting is automatically reset
SET 12.000V to 0. :
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NOTE « Fine setting of the output current when in the C.V mode can be done in the same

manner as above.

An example of display for Fine current setting is shown below.

ouT 0.001v - 0.01Aa
I Fine +000

* The Fine values are variable in 256 steps within a range of from -128 to +127.
* During a Fine value setting procedure, you can reset the Fine value to 0 by pressing the
[CLR] key or [0] key.
 Ifyou set again the output voltage (or current), its Fine value is automatically set to 0 at
that moment.

B Auto Fine Function

Auto Fine function is to automatically adjust the output to let it conform with the ImV order of voltage
setting or ImA order of current setting.

When in the Auto Fine mode, software inside the instrument searches for values to make the actual voltage
and current shown on the top row of the display are made equal with the set values. Due to this, a certain
time (1.5 seconds maximum) is needed before the output voltage and current are settled at the set values.
You can use neither the CC Auto Fine function in the C.V mode nor the CV Auto Fine function in the C.C
mode. For the setting procedure of the Auto Fine function, refer to Section 3.3.1 "Configuration'.

3-16
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3.2.6 Setting of Protective Functions

The primary objective of the protective functions is to protect the power supply and load against overvolt-
age and overcurrent. The protective functions the power supply incorporates are for output voltage limits
(£ V limits), input/output current limits (=1 limits), power limit (P limit), overvoltage protection (OVP),
and overheat protection (OHP). The V limit (this term denoting all of %V limits) and I limit (this term
denoting all of =1 limits) can be set by both hardware and software.

M V limit and I limit functions and settings

The +V limit is a positive voltage limit for the C.V or C.C mode; the —V limit is a negative voltage limit for
the CV or CC mode.

The +I limit is a positive current limit for the C.V or C.C mode; the —I limit is a negative current limit for
the C.V or C.C mode.The V limit and I limit settings can be done by both hardware with the potentiometers
on the front sub-panel and software with the front panel keys via a D/A converter. (As used in this manual,
term "hardware limit" means a limit that is set directly with a potentiometer and term "software limit"
means a limit that is set from keys via a D/A converter.) Of the software limit and hardware limit of the
same objective item, the one which is of a lower value (safer value) becomes effective.

The power supply incorporates a limit delay function also. That is, it allows you to specify a delay time to
be allowed before taking a protective action or actions when the limit circuit has tripped.

Bl Overvoltage protection (OVP) function

There are mutually independent circuits for the V limit function and the OVP function in the power supply.
Functionally, however, the setting for the V limit function and that for the OVP function arc mutually
related on a mutually exclusive basis. That is, only either one of them is effective as an adjustable sctting at
a time. Typically, the V limit function is used as an adjustable setting and the OVP function as a fixed
setting at approximately 120% of the rated output voltage of power supply.

When your load is vulnerable to overvoltages, however, you may select the OVP function to be effective
for adjustable setting and specify a voltage limit value at which to trip the OVP circuit to protece your load.
Only when you have selected the OVP function, the crowbar circuit is enabled. (The crowbar circuit is
optional and needs factory installation.)

M Power limit (P limit) function

The power supply can operate in four quadrants as shown below. When it is operating in quadrant 2 or 4,
however, a portion of the quadrant area is limited as shown below due to the heat dissipation capacity of the
power supply. When the P limit circuit has tripped, the output current is limited so that the power does not
exceed the power limit of the power supply.

+]
J
-y +y
'

-
Model PBX20-5 | PBX20-10 | PBX20-20 | PBX40-2.5 | PBX40-5 | PBX40-10
Power limit 90W 180W 100W 90W 180W 180W
(approx.)

B Overheat protection (OHP) function
When the internal heat sink temperature of the power supply has become higher than a certain limit, the

OHP circuit automatically turns OFF the output. 3.17



Chapter 3. OPERATING METHOD
Protection Menu Configuration and Functions

Initial protection menu
+—1: [V Limit Level] "Voltage protection setting menu”
Voltage limit level setting
1: [Software +V Limit]

Setting of "+" voltage limit level by software.

(Can be set also with [SHIFT] + [PROTECT] AUTO keys)
I 2: [Software —V Limit]
Setting of "—" voltage limit level by software.
(Can be set also with [SHIFT] + [PROTECT] AUTO keys)
‘——— 3: [Hardware V Limit]

Display of hardware voltage limit value that is set by the potentiometer on the front sub-panel.

—2: [I Limit Level] "Current protection setting menu"
Current limit level setting
— 1. [Software +I Limit]
Setting of "+" current limit level by software.
(Can be set also with [SHIFT] + [PROTECT] AUTO keys)
——— 2: [Software —I Limit]
Setting of "—" current limit level by software.
(Can be set also with [SHIFT] + [PROTECT] AUTO keys)
—— 3: [Hardware I Limit]
Display of hardware current limit value that is set by the potentiometer on the front sub-panel.

—3: [Limit Action] "Protective action menu"
Menu of protective actions to be taken when output voltage or current has reached the limit
1: [Output OFF]
To turn OFF the output
L 2: [Power OFF]
To turn OFF the output and also the POWER switch

—4: [Limit Time Delay]
Time to be allowed before taking the protective action or actions. (0.05 s to 9.99 s)

—5: [V Limit/OVP] "V limit/OVP function select menu"
— 1: [V Limit]
Voltage protection by the V limit function. Protective action or actions are as selected by [Limit
Action].
————— 2: [OV Output OFF]
Voltage protection by OVP. Protective action is output OFF.
—— 3: [OV Power OFF]
Voltage protection by OVP. Protective action is power OFF.
———— 4: [OV Crowbar ON]}
Voltage protection by OVP. Protective action is crowbar ON.

L 6: [MCB Protection] "MCB protective action menu"

— 1: [None]

Do nothing.

-—— 2: [Output OFF]
When any one of the devices connected to MCB has tripped for protection, the output of this power
supply is turned OFF.

NOTE * Protection by the MCB takes place in synchronization with a trip of a protector of other
equipment connected to the power supply via an MCB interface board (optional).
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B Examples of setting a V limit value and selecting a protective action

@ Press the [PROTECT] key.

(Initial menu for protection setting)

>1: V Limit Level - Ttems 1 and 2 of total six menu items (1 through 6)

2: 1 Limit Level will appear.
- To scroll the menu items, use the JOG dial or [A]
and [V] keys.
@ Press the [5] key to select [V Limit/OVP].
(V Limit/OVP select menu)
>5: V Limit/70OVP - The item enclosed in <> is the currently existing set-
>1:<V Limit?> ting.

+ 4: [OV Crowbar ON] is optional

L. function. If select it on default
® Press the [1] key to select [V Limit]. status, [Does not Exist]will appear.

>5: 'V Limit/OVP

- Since the item to be selected is the same with the
>1:<V Limit>

currently existing setting, you may press the [ESC]
key to escape from the procedure.

W At about 1 second later

>5: V Limit/0OVP

- The initial menu for protection setting will resume.
6: MCB Protection

@ Press the [1] key to select [V Limit Level].

>1: Software +VLimit

+ (V limit level setting menu)
2: Software —-VLimit

(® Press the [ENTER] key to select [Software +V Limit] of the top row.

Software +VLimit

- Setting of software + V limit voltage level is enabled.
22.0V

- The bottom row indicates the currently existing set-
ting.

® Pressthe [2] , [0] ,and [ENTER] keys in this order.

Software +VLimit

- Set the software +V limit voltage level.
20.0V

- You may adjust the value with the JOG/SHUTTLE

dials, instead. In this case,the value is entered as you
press the [ESC] key.

W At about 1 second later

>1: Software +VLimit

- The V limit level setting menu will resume.
2. Software —VLimit
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@ Press the [3] key to sclect [Hardware V Limit].

V.L1im -25.1V 25.0V

+ The hardware —V limit and hardware +V limit vol-
tage levels are displayed.

Adjust the +V and -V limit voltage levels with the potentiometers on the front sub-panel.

V Lim -20.1V 22.0V

© Press the [ESC] key twice.

>1: V Limit Level
2: 1 Limit Level

@ Press the [3] key to select [Limit Action].

>3: Limit Action
>1:<Qutput OFF>

@ Pressthe [1] key to select [Output OFF]

Limit Action
Qutput OFF

V¥ At about 1 second later

>3: Limit Action
4: Limit Time Delay

* Monitoring the limit values on the display, adjust them
to the values you may require with the potentiome-
ters.

- The initial menu for protection setting

(Protective action select menu)
* The item enclosed in <> is the currently existing set-
ting.

+ Since the item to be selected is the same with the cu-
rrently existing setting in this example, you may press
the [ESC] key to escape from the procedure.

+ When the setting is over, the initial menu for protec-
tion setting will resume.

© Pressthe [4] key to select [Limit Time Delay].

Limit Time Delay
2.00sec

® Pressthe [2] and [ENTER] keys to sct the limit delay time at 2 seconds.

Limit Time Delay
2.00sec
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@ Pressthe [ESC] key twice.

OUT 0.001vVv -0.00A - The root display will resume.
NOTE * The I limit level and other protective items also can be set or selected in a similar

manner as above.
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M Examples of AUTO protection level setting

The AUTO protection level setting is such that the software limit level is automatically sct at a certain
percentage (110%, 120% or 130%) of the absolute value of the output voltage sctting (or output current
setting).

For examples, when the output voltage setting is 15V in the C.V mode and the percentage for the AUTO
protection is 110%, the software +V limit level is automatically set at 16.5V and the softwarc —V limit
level at —16.5V.

(D When the root display is shown, press the [SHIFT] + [PROTECT] AUTO keys.

OuT 15.000V 2.50A + This is an example of display for automatic setting
Auto Protection 110% of software limit level.

In this example, the percentage for AUTO protecage
setting (or current setting).

V¥ At about 1 second later

OUT 15.000V 2.50A

- The factory default for the AUTO protection percentage is 110%.
* For the percentage change procedure, refer to Section 3.5.1 "Configuration.”
* When in the C.V mode, the V limit level is automatically set; when in the C.C mode, the I
limit level is automatically set.
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3.2.7 To Reset from Protection Alarm Status

To reset the power supply from the alarm status caused by a protective function, press the [SHIFT] +
[ESC] RESET keys.

M Examples of procedure for resetting from protection alarm status (when in C.V mode)

@ Set the software +V limit level at 15V, the [Limit Action] to [Output OFF], and the output voltage set-

ting at 14V.

Then, turn ON the output.
OUT 14.000V
SET 14.000V

1.00A

(@ Tum clockwise the JOG dial to increase intentionally the output voltage until it exceeds the +V limit.

oOUT 15.000V 1.03A
SET 15.000V

V¥ +V limit alarm
ouT 0.000v 0.00A
Alm LIM

® Press the [SHIFT] + [ESC] RESET keys.

ouT

0.000V

0.00A

* In this example, the +V limit circuit will trip at 15V

and the output will be turned OFF as specified for
the protective action and an alarm state will result.

+ The alarm is annunciated by the buzzer and <LIMIT>
LED.

* The alarm will be reset.
+ The output will remain OFF.

@ Set again the output voltage at 14V and then press the [OUTPUT] key.

OUT

14.000V

1.00A

+ Eliminate the cause of the alarm.
+ The <OUTPUT> LED will light.

NOTE ) * Be sure (o resct the alarm before doing any other panel operation.
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Examples of alarm displays

Limits (including power limit) OovP

OUT 0.000V 0.00A OUT 0.000V 0.00A
Alm LIM Alm OVP

MCB OHP

oUuT 0.000V 0.00A ouT 0.000V 0.00A
Alm MCB Alm OHP

NOTE

+ Iftwo or more alarms occur simultaneously, the contents of respective alarms are displayed.
+ The OHP is a built-in overtemperature protector of the power supply. The protective action
taken in response to a trip of the OHP is "Output OFF." If the alamm cannot be reset by

pressing the RESET key, fully cool off the power supply and then press the RESET key
again,

3-24




Chapter 3. OPERATING METHOD

3.2.8 Meter functions

The power supply has the various meter functions to measure and display the output in DC value, in RMS
value, or in maximum/minimum value as mentioned below.

Meter function menu

—1: [Peak RMS] Display function select menu

—— 1: [DC] Display of output in DC value

— 2: [RMS] Display of output in RMS value

— 3: [+Peak Vout]} Display of positive peak of output voltage
— 4: [-Peak Vout] Display of negative peak of output voltage
— 5: [+Peak Iout] Display of positive peak of output current

—— 6: [—Peak Iout] Display of negative peak of output current

——2: [Display Time] Period for which the peak value is held displayed (1 to 30 sec)
——3: [Min Max Record]  Display of minimum/maximum recorded
(The minimum/maximum value that is recorded after turning-on the POWER switch or after setting the

[Peak RMS] is displayed.

*+ The [DC] mode is to measure the output in DC value. This mode is used for regular opera-

tion.

+ The [RMS] mode is to measure the output in the effective value. Typically, this mode is

used when the output has an AC component superimposed on its DC component.

* The [+Peak Vout] mode (or the [+Peak Iout] mode) is to measure the positive peak output

value. For example, the values are measured at points shown by dots in the below illustra-
tion, and the measured values are shown at the right hand end on the top row of the display.

+ Referring to the below illustration for example, the maximum value A of the data acquired

during display time (1) is shown during display time (2) at the left hand end of the top row
of the display. The same applies for measurement of —Peak values, also.

« If the output is negative when the measuring mode is set for +Peak, measurement is dis-

abled; if the output is positive when the measuring mode is set for — Peak, measurement is
disabled.

* The minimum/maximum record mode is to keep record of theminimum or maximum value

for the period from the instant of setting the DC, RMS, or PEAK mode to the instant you
have selected this menu item. In the below example, the minimum value is B and the maxi-
mum value is C.

* The data displayed by the minimum/maximum record function is cleared as you change the

display mode or as you select again the same display mode.

LA A

B

Time
_ T Y N &2
{ T I 1
Display
Time
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B Example of use of meter functions

D Press the [SHIFT] + [9] PEAK RMS keys.

>]1: Peak RMS
2: Display Time

(Initial menu of meter functions)
* Items 1 and 2 of menu items 1 through 3 appear.
* You can check all menu items with the JOG dial or
[A] and [V] keys.

@ Pressthe [1] and [3] keys to select [+Peak Vout].

Peak RMS
+Peak Vout

W At about 1 second later

>]: Peak RMS
2: Display Time

® Press the [2] key to select [Display Time].

Display Time
lsec

+ After the setting is over, the initial menu of meter fun-
ctions will resume.

- Set the display time with the numeric key or the JOG
/SHUTTLE dials. The auailable time range is 1 to
30 seconds.

+ After setting the display time with the JOG/SHUTTLE
dials, press the [ESC] key.

@ Pressthe [5] and [ENTER] keys to set the display time.

Display Time
S5sec

>2: Display Time
3: Min Max Record

- In this example, the display time is sct at 5 seconds.

- After the setting is over, the initial menu of meter fun-
ctions will resume.

® Press the [ESC] key to retum to the root display.

PEAK + 0.7 V + 0.7 V
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- Data corresponding to the selected meter function will
appear. In this example, it is for [+Pcak Vout].

+ As shown in this example, you can change the items
that appear on the root display by using thc meter
functions.
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® After changing the output voltage (or current), press the [SHIFT] + [9] PEAK, RMSand [3] keys
to select [Min Max Record].

MA X 2.0 \Y + After the meter function setting is over, the minimum
MIN- 0.0 \Y /maximum output values will appear. In this exam-
ple, they are of [+Peak Vout].

- Examples of displays for different measuring modes are shown below.

<DC> <RMS >
OUuT 0.027V 0.04A RMS 0.0 V 0.0 A
Indication of actual output Indication of actual output
<PEAK > (Example for +PEAK)

PEAK +0.4 V +0.4 V

LIndication of actual output
- If the actual output is negative when the measuring mode is for
+Peak, the indication will be [+0.0V]. The same relationship
applies also when the measuring mode is for —Peak.

The peak value within the [Display Time]

NOTE * For a peak value, either a positive sign (+) or negative sign (—) appears.

The data items displayed when in the [Min Max Record] mode will differ depending on the meter
functions selected. Examples are given below.

<DC>

< RMS >

MAX 2.0 \% 0.0 A
MIN- 0.0 \Y - 0.0 A
<+Pecak Vout >

<-Peak Vout >

MAX 0.0 Vv

MIN- 0.0 V

<+Peak Iout >

< —Peak Iout >

MAX 0.0 A
MIN - 0.0 A
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MEMO

3-28



3.3 Basic Operating Method 2

3.3.1 Remote Sensing Function

Chapter 3. OPERATING METHOD

The remote sensing is to sense the supply voltage at the load and feed back the sensed voltage to the power
supply to compensate for the voltage drops that are caused by cable resistances and contact resistances in
the connection from the power supply to the load.

SENSING

@ @ Load cables {

] Sensingwires
N
ST (X MH—" Tf-=mmmmmm—m—-

) 1
- ]QJ{WCB COM>
v

+ The remote sensing function is only for the power supply opcrating in the normal C.V

mode. (When in the fast C.V mode, the performance specifications of the power supply
may not be met. When in the C.C mode, you cannot use the remote sensing function.)

* Be certain that the sensing wires and the load cables are securely connected. If even a

single one of these wires or cables is disconnected and its circuit is made open, both
power supply and load can be seriously damaged.

* Be sure to install the cover of the terminal block.
+ When the load is a battery or other regenerative type of device, connect the load cables

before connecting the sensing wires.

- If you are installing an ON/OFF switch in the load cable line, install also in the sensing

wire line an ON/OFF switch which is linked to the ON/OFF switch of the load cable line.

SENSING o/:ﬁ—k \

ouT !

ot O ° al
i Load (charging a battery)
cov () 7
SENSING /
COM

* The remote sensing function is unrecommendable for a load whose current changes rap-

idly. The output voltage will be more stable without the remote sensing.

+ Connect the SENSING OUT terminal of the power supply to the OUT terminal of the

load and connect the SENSING COM terminal of the power supply to the COM terminal
of the load by using a shielded cable or a pair of twisted wires.

+ Upto 0.5V of voltage drop per one way of cable connection from the power supply to the

load can be compensated for.

* Be sure fo connect a large capacitor (C1 in the above illustration) to the sensing point. Be

certain that the working voltage of the capacitor is sufficiently high. Make the connec-
tion distance minimal.

- Ifthe sensing distance is long and the voltage is unstable,connect capacitors C2 and C3 as

shown in the above illustration. (Their working voltages must be 50WYV or higher.)
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3.3.2 Memory Function

The memory function allows you to store up-to-four settings of voltage (or current) in four locations of
intemnal memory and to recall the stored settings from internal memory.

[1] To store voltage (or current) setting data in memory

To save the currently existing output voltage (or current) setting and the fine voltage (or current) sctting,
when the root display is shown, press the [SHIFT] + [3] MEM STORE keys, and press one of the
[A] through [D] keys or turn the JOG dial to select a memory unit, and then press the [ENTER]
key. The setting data will be saved in the corresponding one of the internal memory units A, B, C, and D.

B Example of procedure to store a setting data (when in C.V mode)

OUT 15.321V

1.51A

Specify the voltage setting and the fine voltage set-
ting in beforehand.

(D When the root display is shown, press the [SHIFT] + [3] (MEM STORE) keys.

OUT 15.321V 1.51A
S A 0.000vV
@ Pressthe [A] key.
OUT 15.321V 1.51A
S Ax 15.300V

W At about 1 second later
ouUT 15.321V 1.51A

+ The bottom row indicates the currently selected mem-

ory (memory A in this example).

* You can check the contents of memory A through D

by tumning the JOG dial.

* The voltage setting data has been saved.
- To save the setting data, you may press the [ENTER]

key instead of the [A] key.

- The bottom row indicates the newly saved data.
+ The asterisk (%) means that the fine value of volt-

age is not zero.

* The root display will resume.

NOTE - An example of display for storing a setting data when in the C.C mode is shown below.

OUT
S A

15.321V

*

20.00A
20.00A

- The factory-defaults for the setting data stored in memory are voltage at 0.000V and fine

voltage at 0.
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[2] To recall voltage (or current) setting data from memory

To recall the saved voltage (or current) setting and the fine value, press the [MEMORY] key, press one
of the [A] through [D] keys or turn the JOG dial to select a memory location, and then press the

[ENTER]

key.

Bl Example of procedure to recall a setting data (when in C.V mode)

OUT 0.001V 0.01A
SET 0.000V

@ Press the [MEMORY] key.

OUT 0.001vV 0.01A
»M Ax 15.000V

@ Pressthe [A] key.

OUT 14.999V 1.00A
M A% 15.000V

+ For convenience of explanation, the settings assumed
here are that the voltage is zero and the output is
ON.

- The <MEMORY> LED will light.

- The bottom row shows the setting data recalled {from
memory(memory A in this example).

- You can recall the contents of memory A through D
by tumning the JOG dial.

- The voltage data of memory A is recalled and set.
- The asterisk (% ) means that the fine voltage value is
not zero.

® Recall data from memory D by tuming the JOG dial.

ouUT 14.999V 1.00A
M D 14.750V

@ Press the [ENTER] key.

OUT 14.751V 0.98A
M D 14.750V

® Press the [ESC] key.

OUT 14.751V 0.98A

+ The voltage data of memory D is recalled and set.

- The root display will resume.
+ The <MEMORY> LED will go out.

- Ifyou directly recall the stored voltage (or current) setting with the [A] or other mem-
ory key, the power supply will immediately start operating with the recalled setting. For
the sake of safety, before recalling the stored setting, check it by turning the JOG dial
when in the start that the <MEMORY> LED is illuminating. Press the [ENTER] key
after making it certain that the stored setting is of a safe value.

*An example of data recalled from memory when in the C.C mode is shown below.

OUT
M A

15.321V

*

3.00A
3.00A
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3.3.3 Setup Function

The power supply can store the various items of setting data, including settings of output voltage (or cur-
rent), protective functions, and Tr and Tf. You can save and recall these settings as a group of data items for

a setup.

Setup Menu Configuration and Functions

Setup Menu

1: [Recall]

2: [Store]

3: [Store to #0]
4: [Initialize]

: To recall the setup data from the specified setup memory.
: To save the setup data in the specified setup memory.

: To save the setup data in setup memory [#0]

: To initialize the settings.

Conceptual Diagram of the Setup Functions

Setup Items

V SET (ISET)
V FINE (I FINE)
V RESOLN

(I RESOLN)
Software

V Limit Level

I Limit Level
Protective Actions
V Limit OVP
Limit Time Delay
MCB Action
Tr Tf
Output Display Mode
Display Time
Amplitude Setting
Memory A, B,C, D

Setup memory

< Initialize <Existing data>

g‘ower-on recall Setup memory [#0]
Store [#0]
Setup memory [#1]
Internal non-volatile
| memory (up to 10
< Recall } memory locations)
Store . > Setup memory {#9]

The items enclosed in ( ) are those

when in the C.C mode.

- When the POWER switch is tuned ON, the data of setup memory [#0] is recalled. (Power-
ON recall function)
- Such setting also is possible that the output is automatically tumed ON when the POWER
switch is tuned ON. (For more information, refer to Section 3.5.1 "Configuration.”
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Displays of Setup Functions

Bl When in the C.V mode
R: Recall
S: Store
Setup memory No.
[—Vohage setting

R#00 0.00V
VLim —-22.0V 22.0V

]— Software +V Limit level

oftware -V Limit level

—Jtem name

B When in the C.C mode

R: Recall
S: Store
Setup memory No.
r [—Currentsemng
R#00 5.00A
VLim -22. 0V 22.0V

L ]-— Software +V Limit level

Software -V Limit level
L—— Item name

As you press the [<]] [D>] keys, the indications on the bottom row of the display will change as
follows:

(<1 tJ [>1
Software I Limitlevel ILim -22.0A 22.0A
(< 4 [>]
Fine voltage setting Fine +050
(<1 t1 [>]
Click resolution Reso 0.500V
(<1 t ! [>]
Tr Tf time Tr Tf 50usec
(<] t{ [>)
Protective action Lim Action Qut OFF
(@ 1 [>]
Limit Time delay Lim Delay 2.00sec
(<l t{ [>]
V Lim/OVP V Lim/70VP Power OFF
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(<1 t 1 [>]
MCB protective action

(<1 t! (>]
Output measurement mode

(<1 vl (>]
Display time

(<] 11 [>]
Amplitude setting

(<1 ti >
Memory function

Examples of displays when in the C.C mode (only the ones which differ from those when in the

C.V mode)

Fine current value

Click resolution

Amplitude setting

Memory function

3-34

MCB Prot. None
Measure Mode DC
Display Time lsec
Amplitude 0.0%

M A x 0.000V

(The asterisk means that the fine value setting is not zero.)

Fine +000
Reso 0.100A
Amplitude 0.0%
M A * 20.00A

(The asterisk means that the fine value setting is not zero.)
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This function is to recall the setup data from the specified memory.

B Example of procedure to recall a setup from memory (when in C.V mode)

@ Press the [SHIFT] + [7] SETUP keys.

>1: Recall
2: Store

(Setup menu)
+ Menu items 1 and 2 (of total menu items 1 through
4) are displayed.

@ Press the [ENTER] key to select the [Recall] of the top row.

R#00 0.000V

VLim -22.0 V 22.0V
® Press the [[>] key.
R#00 0.000vV - Other items of the same setup can be displayed with
Fine +000 the [ [P>] keys.
@ Press the [V] key.
R#01 5.000V - The setup memory numbers can be changed with the
Fine +000 (A [V] keys or JOG dial.
® Press the [ENTER] key.
Recall Setup + The setup has been recalled.
Completed.
W At about 1 second later
OUT 0.001vV 0.01A
® Press the [OUTPUT] key.
OUT 5.000V 1.00A - The power supply will operated with the recalled set-
up.
- For the sake of safely, the output is automatically tumed OFF when the contents of a

setup memory is recalled.

- You cannot recall for the C.C mode or C.V mode of operation a setup which has been
stored in the C.V mode or C.C mode of operation, respectively.
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[2] Store

This function is to save the setup data in the specified setup memory.

Bl Example of procedure to save a setup in memory (when in the C.V mode)

@ Press the [SHIFT] + [7] SETUP keys.

>]1: Recal]l
2: Store

@ Press the [2] key to select the [Store].

S#00 0.000V
VLim -22.0 V 22.0 V

@ Pressthe [>] key.

S#00 0.000V
Fine +000

@ Pressthe [V] key.

S#01 5.000V
Fine +000

® Press the [ENTER] key.

Store Setup
Completed.

V¥ At about 1 second later

OUT 0.000vV - 0.00A
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(Setup menu)
* Menu items 1 and 2 (of total menu items 1 through
4) are displayed.

+ Other items of the same setup can be displayed with
the [<] [>] keys.

+ The setup memory numbers can be changed with the
[AY [V] keys or with the JOG dial.

+ The setup data has been stored in memory.
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[3] Store #0

When the POWER switch of the power supply is turned on, the power supply recalls the contents of setup
memory #0 by its Power-ON Recall function. The function saves the currently existing setup in setup
memory #0 and, when the POWER switch is turned ON the next time, the function lets the power supply
recall the setup that has been saved in setup memory #0 and starts operating with the setup parameters.
Hl Example of procedure to save a setup in setup memory [#0]

@ Press the [SHIFT] + [7] SETUP keys.

>1: Recall
2: Store

@ Press the [3] key to select [Store to #0].

Store to #0 * The setup data has been stored in sctup memory #0.
Completed.

W At about 1 second later

OUT 5.001V 1.00A

NOTE ) - The [Storce to #0] procedure in cffect is identical with the [Store] procedure to save the setup
data in sctup memory [#0].

3-37



Chapter 3. OPERATING METHOD
[4] Initialize

This function is to initialize the settings to the factory-defaults.
Il Example of procedure to initialize the settings

@ Pressthe [SHIFT] + [7] SETUP keys.

(Setup menu)
>1: Recall
2: Store

@ Pressthe [4] key to select the [Initialize].

Initialize Setup + A message requesting your acknowledge will ap-
Sure ? pear.

@ Press the [ENTER] key to select the [Initialize).

Initialize Setup * The settings have been initialized to the factory-de-
Completed. faults.

V¥ At about 1 second later

OUT 0.000vV 0.00A » The power supply has been initialized its output is
OFF.

NOTE * For the factory-default settings, refer to Appendix 3 "Table of Factory-defaults.”
* This procedure is not for formatting the setup memory.
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3.3.4 Keylock Function

This function disables all front panel keys and controls including the JOG/SHUTTLE dials, but enables
only the keylock release procedure ( [SHIFT] + [1] KEYLOCK keys) and alarm reset procedure
( [SHIFT] + [ESC] RESET keys).

B Example of keylock procedure

@ Press the [SHIFT] + [1] KEYLOCK keys.

ouT 0.001vV 0.01A * The keys are locked.
<< Keys Locked >>

(@ Press again the [SHIFT] + [1] KEYLOCK keys.

OUT 0.001vV 0.01A - The keylocked state is released and the former state

SET 5. V resumes.

+ In this example, the display indicates that the key-
lock function was effected when in voltage sctting
(immediately after pressing the [SET] , [5] and

[.] keys).
@ Press the [ESC] key.
OUT 0.001V 0.01A - The root display will resume.
* When the Limit or other protector has tripped and an alarm has occurrcd while in the

keylock state, reset the alarm at first by pressing the [SHIFT] + [ESC] RESET
keys. Then the keylock state will be automatically released.
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3.3.5 Setting the Click Resolution

This procedure is 10 set a click resolution for the JOG dial and [A]  [V] keys. When in a state that the
voltage (or current) setting is enabled, press the [SHIFT] + [6] RESOLN keys and adjust the click
resolution with the JOG/SHUTTLE dials or the numeric keys.

Bl Example of click resolution setting (when in C.V mode)

(D Press the [SET] key.

OUT 0.001
SET 0.000V

+ The state for voltage setting is enabled.
* The <SET> LED will light.

@ Press the [SHIFT} + [6] RESOLN keys.

ouT 0.001V 0.01A
Resolution 0.100V

- The state for click resolution setting is enabled.
- The bottom row indicates the currently existing click

resolution.

@ Pressthe [. ], [5] and [ENTER] keys.

ouT 0.001V 0.01A
Resolution 0.500vV

W At about 1 second later

oUT 0.001V 0.01A
SET 0.000V

@ Press the [A] key and set a relative voltage.

OoUT 0.001vV 0.01A
SET 0.500V

(Setting with numeric keys)
- You may use JOG/SHUTTLE dials instead. When
you do this, the setting ends as you press the [ESC]
key.

- The click resolution for voltage setting has been chan-
ged to 0.5V.

NOTE ) - The click resolution for current setting when in the C.C mode of operation also can be sct
with a procedure similar as above.

Example of display
when in C.C mode

OUT 0.001V 0.01A
Resolution 0.100A

- The adjustable range of click resolution is from 0.001 to a little less than a half of the rated
output. The factory-defaults are 0.100V for the C.V mode and 0.100A for the C.C mode.
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3.3.6 Setting the Rise/Fall Time and The Frequency Response for an External Signal

This procedure is to set the rise time (Tr) and fall time (Tf) of the output voltage (or current). To do this,
when the output is OFF, press the [SHIFT] + [8] Tr Tfkeys to call out the Tr Tf time select menu. For
the fast C.V mode, you can select {50 u s], [SO0 u s], [Sms] or [Through]. For the dynamic C.C mode, you
can select [100 g s], {500 u s], [Sms] or [Through].

H Example of rise/fall time setting procedure

@ Be certain that the output is OFF. If it is ON, tum it OFF by pressing the [OUTPUT] key.

OUT 0.001Vv 0.01A

® Press the [SHIFT] + [8] Tr Tfkeys.

Tr Tf
>1:<50 usec>

(® Tum the JOG dial clockwise by two clicks.

Tr Tf1
>3: 5 msec

@ Press the [ENTER] key.

Tr Tf
5 msec

W At about 1 second later

ouT 0.001vV 0.01A

- Before setting Tr Tf, make it double sure that the out-
put is OFF.

(Tr Tf select menu)
+ The value enclosed in <> is the existing Tr Tf time
setting.

+ This example is for setting the value with the JOG
dial. You may set it with the numeric keys instead.

- Setting of the Tr Tf time is complete.

NOTE ) - Setting of Tr Tf time cannot be done when the output is ON or when in the normal C.V

mode (or static C.C mode).

- The factory-default for Tr Tf time is 50 u s for the C.V mode or 100 u sec for the C.C mode.
- The Tr Tf time is not applicable to rise up or fall down of the output when the output is

turned ON or OFF.

* The [Through] setting is effective only when driving the power supply directly with an exter-
nal signal. Refer to Section 3.5.1 [1] "Remote control with external analog signal." When in
this mode of operation, the frequency response of the power supply is 30kHz for the CV
mode or 10kHz/5kHz for the C.C mode.
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3.3.7 Displaying the Interface Status

This procedure is to display the status of the optional interface board. To display the status, when the root
display is shown, pressthe [SHIFT] + [CLR] IBST keys. As you press these keys again, the status
display will disappear.

B Example of procedure for displaying the interface status

@ Press the [ESC] key to call out the root display.

ouT 0.001V 0.01A * The message {<<Remote>>] means that the power
<< Remote >> supply is being remote-controlled via the interface.

@ Press the [SHIFT] + [CLR] IBST keys.

OUT 0.001V 0.01A + [T] stands for talker, [L] for listener, and [S] for ser-
<< Remote >> TLS vice request.

® Press the [SHIFT] + [CLR] IBST keys.

ouT 0.001vV 0.01A
<< Remote >>

NOTE * The interface status is effective when the power supply is being remote-controlled through
GPIB.
* You can retum the power supply to the local control mode (mode that the front panel keys
are enabled) by pressing the [SHIFT] + [BS] LOCAL keys.
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3.4 Sequence Operation

The sequence operation is such that the power supply automatically executes a programmed sequence of
output voltage (or current). By using the sequence mode of operation, you can let the power supply gener-
ate voltage (or current) in waveforms as you may require. Each sequence control program can be saved as
a "sequence file" in the internal memory , and can be recalled as you require it.

3.4.1 Description of Sequence Operation

[1] Modes of sequence operation

The modes of sequence operation are classified as follows by the execution speed and by the output voltage
(or current).

Output voltage sequence mode (NV mode)
Nommal speed mode

Output current sequence mode (NI mode)

Sequence operation
Fast output voltage sequence mode (FV mode)

Fast speed mode

Fast output current sequence mode (FI mode)

NOTE « Individual modes are as described below.

NV mode : The output voltage alone is sequence-controlled.

NI mode : The output current alone is sequence-controlled.
FV mode : The output voltage alone is sequence-controlled in the Fast mode.
Flmode : The oufput current alone is sequence-controlled in the Fast mode.

+ For C.V operation, the NV mode and FV mode are available; for C.Coperation, the NI
mode and FI mode are available.

Examples of output voltage waveforms generated by sequence operation

Normal speed sequence (NV mode) Fast speed sequence (FV mode)
) £
3 =
o
= Thovp-- =1 svp---
3 i | g
S ! | 3 WE---p-~--1--- )
I t 1
1 1 . |
: Y '
;‘ J 1 1 ] § I I t
. — —_—
100sec; 150sec 180sec:  Time 1100£5100#5,100451007 0y Time
iramp | step tramp 1 10V Y a0V 3V
hov ' jov oy ! 1 ] 1 1 1
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The features of the Normal speed mode and Fast speed mode of sequence operation are compared in the

following table.

Normal speed mode

Fast speed mode

Availabe output (Mode)

NV mode and NI mode

FV mode and FI mode

Execution time per step
(Time unit)

. Millisecond range (0, 1ms to 9999ms)
. Second range (0, 0.1s to 999.9s)
. Minute range (0, 1s to 999min 59s)
. Hour range (0, Imin to 999h 59min)
(Can be set as required for each
step within the same range)
(Execution time 0 means that
the step is to be skipped.)

B WL~

0.1ms to 100.0ms

(Per step; fixed time)

Type of output change Step change or ramp change Step change

Trigger input/output function Available Available

(TRIG I/O terminal) (Select either trigger input or trigger output.) (Trigger output only)

Output ON/OFF Available Unavailable (To be kept in the ON state)
Pause function Available Unavailable

Maximum number of steps 256 1024

Number of loops

1 t0 9998, and infinitive (by specifying 9999)

1 to 9998, and infinitive (by specifying 9999)

Number of sequences

8

8

Number of programs

16

16

o The Fast speed sequence is available only when the power supply is in the fast C.V mode
or dynamic C.C mode. (Refer to Section 2.4 "Operating Mode Selection".)

o The output voltage (or current) rises or falls with the Tr Tf time setting. Therefore, when
the programmed execution time for one step is shorter than Tr Tf time, the output may not
reach the values specified by the program.

o At the fast speed sequence operation mode when two programs of one step or two steps
chained each other are executed at high speed, normal processing may not be done by
the occurrence of a reception error for a message through RS-232C. Change
programming of the sequence or control the Electronic Load via GPIB.

o It takes several tens milliseconds for processing time when the output of PBX series is
turned ON or OFF.

Pay attention to the execution time per step when using the output ON/OFF function in
the normal speed sequence operation.

When the execution time per step is less than aboutl00 ms, the step may not be executed
in the setting time.
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For sequence operation, you must prepare sequence files which contain operation parameters such as volt-
age, current, and time. The sequence file can be stored in the internal memory (nonvolatile) of the power

supply.

The sequence files are classified by the execution speed into two types as follows:

Sequence file for normal speed m

Mode NV/NI

Time unit

Sequence 1
Execution program No.
Number of loops
End program No.

(Pxx)
(Lxxxx)
(Exx)

Chain sequence No.

Sequences 2 through §

Program 01
Number of steps n

/R
V value (I value)
Trigger output 1/0
Output ON/OFF
Pause 1/0
Execution time

Steps2ton

Programs 02 to 16

Sequence file for fast speed mode

Mode FV/FI

Sequence 1
Execution program No.
Number of loops
End program No.

(Pxx)
(Lxxxx)
(Exx)

Chain sequence No. (Cx)
Execution time (Time)

Sequences 2 through 8§

Program 01
Number of steps n
Step 1
V value (I value)
Trigger output 1/0

Steps2ton

Programs 02 to 16

ode

Mode of operation

Step execution time (unit)
--------- Parameters for "how to execute”

The program number of the program to be executed.

The number of repetitions of program Pxx

The program number of the end program after completing the execution.
(The first step alone of the end program is executed.)

The sequence number of the sequence to be executed next.

The parameters of sequences 2 through 8 are the same as those of sequence
1.

""""" Parameters for "what to execute”
The number of steps (1 to 256)

.........

S (step) or R (ramp) for C.V change (or C.C change)
Target C.V value (target C.C value)

To deliver a trigger output or not

To turn ON or OFF the output

To pause the step or not

Execution time of the step

* The parameters of programs 02 through 16 are the same as those of program
01.

-------- Mode of operation

Parameters for "how to execute”

The program number of the program to be executed.

The number of repetitions of program Pxx

The program number of the end program after completing the execution
(The first step alone of the end program is executed.)

The sequence number of the sequence to be executed next.

Step execution time

* The parameters of sequences 2 through 8 are the same as those of sequence

1.
""""" Parameters for "what to execute”
The number of steps (1 to 1024)

Step number
Target C.V value (target C.C value)
To deliver a trigger output or not

* The parameters of programs 02 through 16 are the same as those of program
01.
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[3] Description of sequence operation parameters

Steps
Steps define the voltage (or current) and other sequence parameters.The steps are sequentially
executed starting by Step No. 1. The steps are the most basic parameters of sequence operation.
Programs
Each program consists of steps. Up to 256 steps (1024 steps when in FV or FI mode) can be
assigned to up to 16 programs. The programs define the basic patterns of sequence operation. Even
a single program can be executed.
Sequences

Sequences define what programs should be executed in what manner. For example, the sequence
define the number of repetitions of the program and the end state of the program.

The relationships among the steps, programs, and sequences are as shown below:

Step—
Step |————Program ——
Step
Scequence
Steph :
Step ———Program —— ‘
Step
Stcp—
Step |——Program SCQI?CI]CC
Step :
Output change
Step change: The output changes stepwise. Ramp change: The output changes rampwise.
(only when in NV or NI mode)
- Example of step change by lsec/10V + Example of ramp change by 1sec/10V
10V - 10V - -
ToT lsec | T lsec |
1

——
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Trigger output
This parameter is for delivering a trigger pulse output via TRIG 1/O terminal on the front sub-panel,
each pulse representing an event of program step change.

Step n+1
trigger
Stepn

TRIG OUT ﬂ

Pause and trigger input (for NV or NI mode only)
You can pause the sequence operation by pressing the [PAUSE] key. The scquence operation resu-
mes as you press the [PAUSE] key again or a trigger input is applied via the TRIG I/O tcrminal of the
front sub-panel.

- Example of pause by [PAUSE] key and resumption by trigger input
Pause period

B R —-——

}_J_,{ },_.]'2__{ T1+T2 = Execution time setting

[PAUSE] key = TRIG IN signal
or [PAUSE] key

- Example of pause by program and resumption by trigger input

Pause period

A

Programmed PAUSE

TRIG IN signal
or [PAUSE] key

NOTE ) - For the electrical specifications of the TRIG I/O terminal, refer to Section 7.1 "Electrical

Specifications."
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Bl Example of sequence operation (normal speed mode)

An example of sequence operation is introduced below to show the functions of steps, programs, and se-

quences.

In this example, as sequence 1 is executed, the power supply performs a sequence operation of a configura-
tion as shown below.

Sequence 1:
Sequence 2:
Sequence 3:

3-48

Execute program 1 once, and chain it to sequence 2.
Execute program 2 twice, and chain it to sequence 3.
Execute program 3 once, and terminate the operation at the first step of program 16 (end

program).

— —_ N 0 < v —-— NN <+ —

Q. Q. o o A (a9 a o QA o o

L 22 9 9 2 L 9 e 9 9

I 7 A7 N7 R /) 7] h A hn B R
Program 1 Program 2 Program 2 Program 3 Program 16
Sequence | Sequence 2 Sequence 3

Note on Sequence Executing

» You can specify the sequences and programs in any order.

 You cannot chain a program to another sequence which is stored in another file.

 Ofthe end program, the first step alone is executed. Therefore, its pause and time data is
meaningless.

s Before entering the end program, a certain time interval (several milliseconds to several
tens milliseconds) is necessary.

« When chain operation is specified, the end program is not executed and the operation

advances to the sequence number of the destination of chain operation.

« Ifyou stop the sequence operation by hardware (by pressing the [STOP] key or other

means), the first step of the end program of the currently-executed sequence number is
executed. If no end program is specified (no end program is specified when "E % *"),

the operation terminates at the step which was being execution when the stop command
was given.

Note on Fast Sequence Executing
» When sequences are chained, the final step execution time of a program is not

guaranteed. Use great care when using the chained sequence.
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3.4.2 Outline of Settings for Sequence Operation

For sequence operation, you must manage sequence files, create and edit sequence parameters, and then
execute the sequences. Set the required items by following the procedure indicated by menus.

Sequence operation menu configuration and functions

Initial sequence menu

——1: [File] : File manage menu

1: [List Files] : To display the sequence files
2: [Load File] : To load the sequence file onto the sequence execution memory
—— 3: [Save File] : To save the sequence execution memory data into the sequence file

——2: [Edit] : Edit menu

— 1: [Edit Program] : To add, edit, or delete programs of sequence execution memory
—— 2: [Edit Sequence] : To create or edit sequence parameters of sequence execution memory
L——3: [New] : To initialize sequence execution memory

——3: [Run] : menu : To run the contents of sequence execution memory

—4: [Configuration] : menu

— 1: [TRIG Direction] : To define input/output direction of trigger
—— 2: [Auto Run] : To specify either the sequence is to be run or not when the power swi-
tch is turned on

Conceptual diagram of sequence operation

Edit

—I
=
| G

(Nonvolatile)

Flle #0
/ Lnnd 7//')””"" (Caution)
. - When the power switch is tumed
@r< on, sequence file #0 (non-volatile

Seauence exmuon \ memory built in the power supply)

Sequence

memory (Volatile)
- L __1_ is automatically loaded onto the se-
“—_‘17;2;7- ''''' ] quence execution memory.
- When in the [File] or [Edit] mode,
Data transfer files of either for the C.V mode or

1 C.C mode can be handled. When in

ISTOPD(IPAUSE] [PAUSEL. 1 {pyn) - The factory-defaults for sequence

TRG IN file #0 are as follows:

End the se(luenﬁ)—— (Run the sequence ) Mode : NV

(STOPI, Time unit : msec
Normal end Step data : 11 steps
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3.4.3 Procedures for Sequence Operation

For sequence operation, it is most recommendable to prepare beforchand a coding data sheet on which the
values for the required parameters are listed. (For coding data sheets, refer to Appendix 5. The examples
of coding given below refer to the examples given in the appendix.)

The subsequent Items [1] and [2] introduce examples of procedures for entering the data written on a
coding sheet into the sequence execution memory.

[1] To create a new sequence execution file

For sequence operation, you must create a sequence execution file first of all. (For the procedure of using
an already existing file, refer to [3] "To save or load a file.")

B Example of procedure for setting sequence operation parameters and initializing the se-
quence execution memory

(D When the root display is shown on the LCD, press the [EDIT] key.

(Editing menu)
>1: Edit Program + The <SEQ> LED will light.
2. Edit Sequence - Items 1 and 2 of the menu items (1 to 3 in all) will
appear on the LCD. You can scroll the menu items

with the JOG dial , the [A] [V] keys or numeric

keys.
@ Press the [3] key to select [New].
Create New Sequence - A message requesting your confirmation on initiali-
Sure ? zing the sequence execution memory will appear.
- If you press the [ESC] key, the initialize procedure

will be aborted and the former menu will resume.

® Press the [ENTER] key to enter into the initialize mode.

Mode : NV - This is for setting the sequence mode.
- Select the mode with the JOG dialor [A] [V]
keys.
- Pressthe [ENTER] key to enter into the sequence
mode.

@ Select the [NV] mode with the JOG dial and then press the {[ENTER] key to select the [NV] mode.

Mode : NV - Select a step execution time unit for the [NV]or[NI]
Unit:msec mode.For the [FV] or [FI] mode, this menu does not
appear.

- Select the mode withthe [A] [V] keys and press
the [ENTER] key.
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® Select [msec] with the JOG dial and press the [ENTER] key.

Mode : NV + Initialize the sequence execution memory.
Completed.

W At about 1 second later

>3: New * When the initialization is complete, the edit menu will
1: Edit Program resume.

® Pressthe [ESC] key, and the initial sequence menu will resume.

(Initial sequence menu)
>2: Edit
3: Run
- If you initialize the sequence execution memory, the existing sequence file will be

erased. If you need the existing file for future use, save it. For the save procedure,
refer to [3] "To save or load a file. "
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[2] To edit sequences and programs

An example of editing a sequence execution file is introduced below.

B Example of editing a program

(@ From the edit menu, select [Edit Program] by pressing the [1] key.

Program:01 New
000

@ Press the [ENTER] key.

NOO1
NEW

®® Press the [ENTER] key.

NOO1
>1: Modify

@ Press the [2] key to select [Insert].

Insert:001

How many step‘s? n

+ The figure of the bottom row denotes the total num-
ber of the steps in the program.

* You can check the contents of programs Nos. 1 thro-
ugh 16 with the JOG dialor [A] [V] keys.

* This message appears as there are no step parameters
in the program in this example.

* When there are step parameters, a program edit menu
will appear.

1: Modify -- To modify a program parameter or parame-
ters.

2: Insert -- To insert a program step or steps.

3: Delete -- To delete a program step or steps.

When creating a new program, you must specify the num-

ber of steps with [Insert].

+ Enter the number of steps to be used by the program,
with the numeric keys.

® Pressthe [1] key and then the [ENTER] key to secure an area for entry of one step.

Insert Steps
Completed.

NOO1 S 0.0MV

001lms

NOO1 S 0.00V

0O0lms
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(Display for program edit)
- The cursor () will blink on the character.
* Entry method

Numeric value -- Numeric keys, [ENTER]
JOG dial

To move on items -- [<1] [>] keys

To move on steps -- [A) [V] keys

+ Settings of S/R for step change, TRIG, OUT, or
PAUSE can be done also by using the [1] or [0]
key.
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The items shown on the program edit display are as follows:

— Step No. (N: Normal speed, F: Fast speed)

— Voltage change (S: Step change, R: Ramp change)
’— When in C.V mode

— Output voltage

Current change

(S: Step change, R: Ramp change)
]——When in C.C mode

I—— Output current

NOO1 S 3. 45V R 1. 25A
2?79 TOP 0123ms
L L Execution time (when in NV or NI mode)
Trigger, output, or pause setting (T: Trigger, O: Output on, P: Pause)

Annunciation for trigger, output, or pause sctting

® Press the [ESC] key.

NOO1 S 0.00V
.0 -

» The cursor disappears from the program edit display.

+ When in this state, you can check the steps of the
program with the JOG dial or [A] [V] keys.
If you specify the step which immediately follows
the final step, message [EOS] (End of Step) will ap

0050ms

pear.
(@ Edit other programs also in the same procedure as Steps @ to ®.
NOO1 S 0.00V - This display example is for edit of Step No. 1 of Pro-
TO - 0010ms gram 2.
NOO2 R 15.00V - This display example is for cdit of Step No. 2 of Pro-
-0 - 0020ms gram 2,
N003 S 15.00V + This display example is for edit of Step No. 3 of Pro-
-0 - 0030ms gram 2
N0O4 S 10.00V - This display example is for edit of Step No. 4 of Pro-
-0 - 0040ms gram 2.
NOOS5 R-10.00V + This display example is for setting of Step No. 5 of
-0 - 0050ms Program 2,
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NOO1 S-10.00

-0 - 0030ms
NOO2 R 10.00V

-0 - 0020ms
N0O0O3 S 10.00V

-0 - 0030ms
N0O4 S-10.00V

-0 - 0030ms
NOO1 S 0.00V

.. 0001ms

- This display example is for edit of Step No. 1 of Pro-

gram 3.

- This display example is for edit of Step No. 2 of Pro-

gram 3.

+ This display example is for edit of Step No. 3 of Pro-

gram 3.

« This display example is for edit of Step No. 4 of Pro-

gram 3.

+ This display example is for edit of Step No. 1 of Pro-

gram 16.

Press the [ESC] key thrice to return to the initial sequence menu.

>2:Edit
3:Run
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@ When the initial sequence menu is on the LCD, press the [EDIT] key and the [2] key in this order.

S:1 P01 LOO0O1 New
Cx Ex*x

(@Press the [ENTER] key.

S:1 POM LOOO1
Cx E=x=x

S:1 P01 LOOO1
C2 E16

* You can check the contents of sequences Nos. 1
through 8 with the JOG dial or [A] [V] keys.

(Sequence edit display)

» Cursor Il will blink on the character.
* Entry procedure
Numeric entry: With numeric keys and [ENTER]
key, or with JOG dial
Item change : With [<J] [[>] keys.

* The asterisk (%) of the end program and that of the

chain command mean that the indicated item is not
exccuted.

- The number of loops "9999" means infinitive repeti-

tions.

« To escape from the edit mode, press the [ESC] key.

(® Changing the sequence numbers, edit the contents of sequences by using the [ESC] key, JOG dial,

and [ENTER] key.

S:2 P02 L0002
C3 E16

S:3 P03 LOO0OO1
Cx EI16

- The examples of displays shown are for edit of Sequ-

ences Nos. 2 and 3.

* Sequence No. 2 is to loop Program 2 twice and then

chain it to Sequence No. 3.

+ Sequence No. 3 is to loop Program 3 once and fina-

1ly execute the first step alone of Program 16 to stop.
There is no chain.

The items shown on the sequence edit display are as follows:

Sequence No.
Program No.
Number of loops
Comments
—

Pxx L0000 New
Cx Exx 0.1ms

'—————— End program No.
Program to be chained

l—Execulion time (when in FV or FI mode)

@ Press the [ESC] key twice, and the edit menu will resume.

>2: Edit Sequence
3: New Sequence

- The sequence edit procedure is complete.
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Il Example of procedure to add or delete steps

@ Press the [1] key when the edit menu is shown on the LCD.

Program:01 A
002

@ Press the [ENTER] key.

NO0O1 S 0.00V
.. 0001ms

® Press the [ENTER] key.

NOO1 S 0.00V
>1: Modify

@ Press the [3] key to sclect [Delete].

Delete:001
How many steps?

+ The columns following [A] of the top row are for ent-
ry of comments. You can enter comments via GPIB
or other bus interface.

+ The figure on the bottom row indicates the total num-
ber of the steps of the program.

(Program edit display)
* You can check the contents of the steps with the JOG
/SHUTTLE dials or [A] [V] keys.

Select one of the following:
1: Modify

2: Insert

3: Dclete

(To dclete steps)
* Enter the number of steps to be deleted,with the num-
cric keys.
* The specified number of steps, starting by the cur-
rently displayed step, will be deleted.

® Press the [1] key and then the [ENTER] key to delete the steps.

Delete Step
Completed.

W At about 1 second later

NOO1 S 0.00V
Q- 0001ms

* In this example, step 1 has been deleted and step 2
has become step 1.

® Press the [ESC] , [ENTER] and [2] keys to select [Insert].

Insert:001
How many steps?
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(To insert steps)



@ Press the [2] key and then the [ENTER] key.

Insert
Completed.

Step

NOO1 S 0.0BMV S 5.00A
-0 - 0001ms

sheets.
program display menu.

play is shown on the LCD.
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+ Specify the number of steps to be inserted

(two in this example).

* In this example, two steps have been inserted.
- Data of the steps to be inserted is undefined yet.
+ After the [Insert] mode is over, the [Modify] mode

will resume.

* Repeating the above procedure, enter the sequences and programs as written on the coding
* After the entry is over, check the contents of entry by using the sequence display menu and

- You may directly call out the edit menu by pressing the [EDIT] key when the root dis-
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[3] To save or load a file

The sequence execution memory is volatile and its contents are lost if you tum OFF the POWER switch of
the power supply. To keep the memory contents (sequence files), you must store them in the nonvolatile
memory of the power supply. This section gives examples of procedures to save, load, a file.

M Example of procedure to save a file

(@ When the initial sequence menu is displayed, press the [1] key and then the [3] key.

Save:000
NV Step:0002

@ Pressthe [ENTER] key.

Save:000
Completed.

W At about 1 second later

>8: Save File
4 :
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- Specify the file number of the file to be saved, with

the JOG dial or [A] [V] keys.

+ The bottom row shows major information about the

file already saved.

* The sequence file has been saved.

+ After the file saving is complete, the file manageme-

nt menu will resume.
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(D When the file management menu is displayed, press the [2] key.

|Load:000
NV Step:0002

@ Press the [ENTER] key.

Load File
Completed.

W At about 1 second later

>2: Load File
3: Save File

+ Specify the file number of the file to be loaded, with
the JOG dialor [A] [V] keys.

+ The bottom row shows major information about the
file saved already.

- The sequence operation file has been loaded onto the
sequence execution memory.

- After the file loading is complete, the file management
menu will resume.
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[4] To select the trigger in/out direction and auto-run function

This section introduces the procedures for setting a trigger input/output direction and the auto-run mode of

sequence operation.

Hl Example of procedure for trigger input/output setting

(D When the initial sequence menu is displayed, press the [4] key and then the [1] key.

>1: TRIG Direction
>]1:<In>

- Select the required item with the JOG dial or [A]
[V] keys.

@ Pressthe [A] key and [ENTER] key. (Instead, you may directly select the required item by press
ing the numeric key corresponding to the item number.)

Trigger Direction
Out

V¥ At about 1 second later

>]1: TRIG Direction
2: Auto Run

@ Pressthe [ESC] key.

>4: Configuration
1: File

+ In this example, the output direction is selected for

the trigger.

+ After the setting is over, the configuration menu will

resume.

- The initial sequence menu will resume.

NOTE - If you set the [TRIG Direction] to [OUT], the trigger setting in the step is enabled and the
power supply will deliver a trigger output signal through the TRIG I/O terminal of the front

sub-panel.

- If you set the [TRIG Direction] to [IN], triggering with an extemal signal applied through
the TRIG I/O terminal of the front sub-panel for terminating the PAUSE state is enabled.
 The Trigger OUT function is applicable to all of the [NV], [NT], [FV], and [FI] modes. The

Trigger IN function is applicable only to the [NV] and [NI] modes.
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M Example of setting procedure for auto-run

The auto-run function is such that, when the POWER switch is turned on, the power supply automatically
executes the sequence [#01].

@ When the initial sequence menu is displayed, press the [4] key and then the [2] key.

>2: Auto Run * Select the required item with the JOG dial or [A]
>1:<OFF> [¥] keys.

@ Pressthe [A] key and then the [ENTER] key. (Instead, you may directly select the item by press-
ing the numeric key corresponding to the item number.)

Auto Run
ON

¥ At about 1 second later

>2: Auto Run * After the setting is over, the configuration menu will
1: TRIG Direction resume.

® Press the [ESC] key.

>1: File * The initial sequence menu will resume.
2: Edit
* Be careful when using the Auto Run function. Althoughit is a very convenient func-

tion, it involves a danger. Should you inadvertently tum ON the POWER switch by
forgetting that the power supply has been set to the Auto Run, the power supply will
immediately deliver its output at the instant you have turned it on.

* Even when the [Auto Run] function has been set to [ON], the function can be dis-
abled by pressing the [SHIFT] + [ENTER] keys when the initial power-on dis-
play is shown on the LCD.
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[5] Run, end, and pause of sequences and programs

B Example of procedure for program run

@ As you press the [RUN] key when the program number is displayed, the program will be executed

once.
Press the [EDIT] key and thenthe [1] key in this order.

(Program number display)
Program:01 A - Specify a program number with the JOG dial or [A]
002 [V] keys.

@ Press the [RUN] key.

(Display during sequence operation)
OUT 0.000V 0.00A

RU S1, P01, L0002 2
* When in the [NV] or [NI] mode, operation proceeds with the time paramcter spcci-

fied in the step; when in the [FV] or [FI] mode, the execution time is automatically
fixed at approximately 100ms per program.

Bl Example of procedure for sequence run
An example of procedure for running a sequence operation is shown below.

(D When the initial sequence menu is displayed, press the [3] key.

(Run menu)
S:1 P01 LOO0O1 - Specify the sequence number of the scquence 1o be
C2 E16 exccuted, with the JOG dialor [A]  [V] keys.
* Instcad of the above, you may directly call out the

run menu by pressing the [RUN] key when the
root display is shown on the LCD.

@ Press the [RUN] key.

(Display during sequence operation)
OUT 0.000V 0.00A - Instead, you may directly specify the sequence num-
RU S1, P01, L0002 2 ber with the numeric keys.

® To pause the sequence operation, press the [PAUSE] key.

(Display of paused scquence operation)

OUT 0.000V 0.00A - The [FV] and [FI] modes of operation cannot be pau-
PA S1, P01, L0002 3 sed.

3-62



Chapter 3. OPERATING METHOD

@ To resume the sequence operation, press the [PAUSE] key again.

0.000V 0.00A

OouT
P01, L0002, 0002

RU S1,

® To stop the sequence operation forcibly, press the [STOP] key.
(Run menu)
- The forcible stop is effective even when in pause.

S:1 P01 LOOO1
C2 E16

The power supply asynchronously accepts the command given from the [PAUSE] key.

NOTE ) -
When it is released from the pause state, it advances to the next step after exccuting the

operation for the remaining period of the step currently executed.
You can call out the run menu by pressing the [RUN] key when the root display is shown

on the LCD.

- During the sequence operation, the software V limit level and software I limit level
which existed immediately before entering the sequence operation remain effective.

® The items displayed during the sequence operation are as follows:

0.000vV 0.00A - The top row indicates the actual output.

P01, L0002, 0003

[H Step number (currently executed)

Number of remaining loops
Program number (currently executed)

L Sequence number (currently executed)
“——Annunciation of run (RU) or pause (PA) (RU : RUN, PA : PAUSE)

OUT
PA S1,
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3.5 Applied Types of Operation

3.5.1 Configuration

The parameters and other selectable items of operation of the power supply can be configured to best suit the
purpose and conditions of use of the power supply. The established configuration can be saved in the
nonvolatile memory of the power supply and be loaded when the POWER switch is turned on.

As you press the [SHIFT] + [0] CONFIG keys, the configuration menu will appear. The menu allows
you to enter the various settings and selections.

For the [Calibration] which appears as one of the selectable items on the configuration menu, refer to Sec-
tion 6.2 "Calibration."

Structure and Functions of Configuration Menu

Configuration Menu

1. [Local/Remote]: Menu to select the local control or the remote control with an external analog signal.

—— 1. [Local]: The output voltage (or current) is locally controlled from the front panel.
—— 2 [FromJ2]: The output voltage (or current) is remote-controlled by an external signal aplied
via connector J2 on the rear panel.

—— 3. [From BNC]: The output voltage (or current) is remote-controlled by an external signal
aplied via EXT SIG IN (BNC) connector on the front sub-panel.

L—— 4 [FromJ2and BNC]: The output voltage (or current) is remote-controlled with an external
analog signal aplied via the J2 connector on the rear panel and the BNC
connector on the front sub-panel.

——2: [Start Up]: Start up menu
——1: [CV/CC]: To select [CV or CC] when starting up the power supply.

—— 1: [CV]: To start up in the C.V mode.
—— 2: [CC]: Tostart up in the C.C mode.

——2: [Output): To turn ON or OFF the [OUTPUT] key when the power supply is started up.

—— 1: [OFF]: The [OUTPUT] key is OFF.
'—— 2: [ON]: The [OUTPUT] key is ON.

‘——3: [KeyLock}: To lock orunlock the keys when the power supply is started up.

—— I: [OFF]: Unlock the keys.
L—— 2: [ON]: Lock the keys.

—— 3: NULL

——4: NULL

———5: [AutoFine]: Auto Fine menu
——— 1: [CV Auto Fine] : ON/OFF setting of CV Auto Fine

—— 1. [OFF]
L— 2. [ON]

L——2: [CC Auto Fine]: ON/OFF setting of CC Auto Fine

—— 1: [OFF]
—— 2: [ON]
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[Auto Protection] :

[Interface] :

[GPIB Address] :
[MCB Address] :
——3: [RS-232C Speed] :

[RS-232C Data bit] :

[RS-232C Stop bit] :

[RS-232C Parity] :

[Power-on SRQ] :

[Calibration] :

[Voltage] :

[Current] :

To select an auto-protection level for V Limit (or I Limit)

110% V Limit (110% I Limit)
120% V Limit (120% I Limit)
130% V Limit (130% I Limit)

Interface board setting menu

For GPIB address setting
For MCB bus address setting

For transmission speed selection

1: [9600 bps]
2: [4800 bps]
3: [2400 bps]
4: [1200 bps]

For data bit size selection
1: [8 bits]
2: [7 bits]

For stop bit size selection
1: [1bit]

2: [1.5 bits]

3: [2 bits]

For parity bit selection

1: [None]
2: [0Odd]
3: [Even]

For power-on service request selection

1: [Disable]
2: [Enable]

Calibration menu (Setting for calbiration is necessary.)

For voltage calibration

Voltage offset calibration (manual)

"+" full-scale voltage calibration (manual)
"-" full-scale voltage calibration (manual)

Software (hardware) V Limit offset calibration (auto)
Software (hardware) V Limit full-scale calibration (auto)
RMS display offset calibration (auto)

RMS display full-scale calibration (auto)
For current calibration

Current offset calibration (manual)

"+" full-scale current calibration (manual)

"-" full-scale current calibration (auto)

Software (hardware) I Limit offset calibration (auto)

Software (hardware) I Limit full-scale calibration (auto)
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[1] Remote control with an external analog signal

The output voltage or current of the power supply can be remote-controlled with an external analog signal
(a voltage signal of 0 to approximately £ 10V or a resistance signal of 0 to approximately 10k Q).

B Example of procedure for remote control with an external analog signal

(D Make certain that the output is OFF. Press the [SHIFT] + [0] CONFIG keys.

>]1: Local/Remote
2: Start Up

@ Pressthe [1] key to select [Local/Remote].

>1: Local/Remote
>]:<Local>

® Pressthe [2] key to select [From J2].

Ext. Local/Remote
From J2 ‘

W At about 1 second later

>1: Local/Remote
2: Start Up

@ Press the [ESC] key.

OUT 0.000V 0.00A

(Configuration menu)
- Items 1 and 2 among (of the total configuration menu
items 1 through 9) will appear.

(Controlled item select menu)
- The item enclosed in <> is the currently selected item.

* The remote control mode has been selected.

+ After the mode has been selected, the configuration
menu will resume.

+ The root display will resume.

NOTE * If you are not going to use the remote control with an external analog signal, select [Local].
* The [From J2] mode is to remote-control the output voltage when in the C.V mode or the output
current when in the C.C mode, with an extemal analog control signal applied via the remote control
connector (J2) on the rear panel. For the external control signal, you may use a voltage signal or a

resistance signal.

* The [From BNC] mode is to remote-control the output voltage when in the C.V mode or the output
current when in the C.C mode, with an external analog control signal applied via the EXT SIG IN
terminal on the front sub-panel. For the external control signal, you must use a voltage signal,

* The [From J2 & BNC] mode is to remote control the output voltage when in the C.V mode or the
output current when in the C.C mode, by adding the output component controlled by an external
analog control signal applied via the remote control connector (J2) on the rear panel and that via the
EXT SIG IN terminal on the front sub-panel.

* When in the [From BNC] or [From J2 & BNC] mode of remote control operation with an external
signal applied via the EXT SIG IN terminal on the front panel, the output amplitude can be set with
the [AMPL] key. (Refer to Section 3.5.3"Amplitude Setting Function.")

* For the extemal analog control signal connection methods and specifications, refer to Section 3.5.2
"Analog Remote Control” and Chapter 7 "Specifications."

* At the instant the remote control with an external analog signal is selected, the local setting of
the output voltage (or current) from the front panel is automatically becomes 0V (or 0A).
* You cannot select the remote control with an external analog signal when the output is ON,

3-67



Chapter 3. OPERATING METHOD

[2] Settings of Power-on parameters

This section describes the setting procedures of parameters and other items the power supply should as-
sume when its power is turned on.

Cv/CC

To specify either the power supply should operate in the C.V mode or in the C.C mode when its power
is turned on.

[CV]: To operate in the C.V mode

[CC] : To operate in the C.C mode

((WARNINGS ) - This setting is very important for this power supply which is a bi-polar type. Of a
conventional uni-polar power supply, modes are automatically switched over be-
tween C.V and C.C. For this bi-polar power supply, on the contrary, you must select
either the C.V mode or the C.C mode manually--they are not automatically switched
over between them.

+ When in the C.V mode, the current limit value can be set as an I Limit value; when in
the C.C mode, the voltage limit value can be set as a V Limit value.(They can be set
as protection menu items.)

( WARNINGS ) ° Before changing between the C.V mode and the C.C mode, be sure to disconnect the
load from the power supply for the sake of safety.

NOTE * The factory default for the CV/CC setting is [CV].

OUTPUT switch

To select ON or OFF for the output switch when the power supply is tured on.
[OFF]: The output is OFF when at power-on.
[ON] : The output is ON when at power-on.

NOTE * The factory-default is [OFF].

KEYLOCK

To specify cither the keys are to be locked or not when the power supply is at power-on.
Even when the power supply has been started with KEYLOCK, the keys can be unlocked by pressing
again the [SHIFT] + [1] KEYLOCK keys.

NOTE * The factory-default is [UNLOCK].
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M Example of procedure for power-on setting (C.V or C.C)

@ Press the [SHIFT] + [0] (CONFIG) keys and then the [2] key in this order.

>1: Cv,/CC
2: OUTPUT

@ Pressthe [1] key to select [CV/CC].

>1: CvVv,/CC
>1:<CV>

@ Pressthe [2] key to select [CC).

Power—-on CV/CC

cC

W At about 1 second later

>1: CV/CC
2: Output

(Start up menu)
* Items 1 and 2 (of total menu items 1 through 3) are

displayed.

- The item enclosed in <> is the currently selected item.

+ After the setting is over, the start up menu will res-

ume.

* The supply hereafter will operate in the [CC] mode

when at power-on.

@ Tum OFF the POWER switch once. Turn ON the POWER switch again.

OUT 0.001V 0.01A

* The <CC> LED will illuminate to indicate that the

power supply is in the C.C mode.

tum OFF once the POWER switch and then tum it ON again.

* Change of modes between C.V and C.C is not effected until the next power-on
event. So, when you have changed the mode setting between C.V and C.C, be sure fo
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Example of procedure for power-on setting (Output ON/OFF)

@ Press the [SHIFT] + [0] CONFIG keys and the [2] key in this order.

(Start up menu)

>1: cv/cc » Item 1 and 2 (of total menu items 1 through 3) are
2: OUTPUT displayed.

(@ Press the [2] key to select [OUTPUT).

>2: OUTPUT + The item enclosed in < > is the currently selected item.
>1:<0ff>

(3 Press the [2] key to select [ON].

Power-ON Output
On

V¥ At about 1 second later

>2: Output + After the setting is over, the start up menu will resume.
3: Key Lock * The supply hereafter will operate with its output ON when
at power-on.

@ Press the [ESC] key.

» The root display will resume.
ouT 0.000V 0.00A

* Be careful when using the Power-on Output function. Although it is a very convenient
function, it involves a danger. Should you inadvertently turned ON the POWER switch
forgetting that the power supply has been set to Power-on Output, the power supply will
immediately deliver its output.

» Even when the Power-on Output function has been set to [ON], the function can be
disabled by pressing the [SHIFT] + [ENTER] keys when the initial power-on display
is shown on the LCD.

* Ina similar procedure as above, you can set the [Key Lock] function shown in the start up
menu.

[3] Setting of Auto Fine

Auto Fine function is to automatically adjust the output to let it conform with the ImV order of voltage
setting or ImA order of current setting.

Example of procedure for setting of Auto Fine

@ Press the [SHIFT] + [0] CONFIG, and [5] keys in this order.
(Auto Fine menu)

>]1: CV Auto Fine
2: CC Auto Fine
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@ Press the [1] key.

>1: CV Auto Fine
>1: <OFF>

® Press the [2] key to select the [ON].

CV Auto Fine
ON

W Atabout lsecond later

>1: CV Auto Fine » After the formatting is over, the configuration menu will
2: CC Auto Fine resume.

@ Press the [ESC] key twice.

+ The root display will resume.
OUT 0.000V 0.00A

* When in the Auto Fine mode, software inside the instrument searches for values to make
the actual voltage and current shown on the top row of the display are made equal with
the set values. Due to this, a certain time (1.5 seconds maximum) is needed before the
output voltage and current are settled at the set values.

[4] Setting of auto-protect level in percentage

This section describes the setting procedure of an auto-protect level in terms of percentage for software
V Limit (or software I Limit). For the percentage, you can select 110%, 120%, or 130% of the voltage (or
current) setting which existed immediately before setting the auto-protect level.

Example of procedure for setting an auto-protect level (when in C.V mode)

© Press the [SHIFT] + [0] CONFIG keys and [6] key in this order.
(Auto-protect menu)

>6: Auto Protection
>1:<110%>

@ Press the [2] key to select [120%)].

Auto Protection
120%

W Atabout 1 second later

 After the setting is complete, the configuration menu will
resume.

>6: Auto Protection
7: Format MC
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0 Press thel] ESCO key.

» The root display will resume.
OouT 0.000V 0.00A

o The auto-protect level can be set in terms of percentage of the voltage (or current) which
has been set for the SET item. The allowable setting ranges for the software V Limit (or
I Limit) is from 10% to 110% of the rated output voltage (or current).
 Ifyou attempt to set for the auto-protect limit a value greater than 110% or less than 10%
of the rated output voltage (or current), the power supply will automatically set it at
110% or 10%, respectively.
o The factory-default setting is 110%.
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[S] Setting the operation parameters for interface boards

This section describes the setting procedure of operation parameters of interface boards for GPIB, RS-232C,
or MCB (multichannel bus). When using an interface board through which to control the power supply, you
must set an address for the board.

» When you have changed any of the parameters, be sure to turn OFF once the POWER
switch and then turn it on again.

Example of procedure to set operation parameters of GPIB interface board

U Press the[] SHIFTO +0 00 CONFIG keys and then thelJ 8] key in this order.
(Interface board parameter setting menu)

>1: GPIB Address
2: MCB Address

O Press the[] 10 key to select [GPIB Address].
» The bottom row shows the currently ADDRESS 01 exist-
GPIB Address ing address number.

01

U Type a new address number with the numeric entry keys and then press thell ENTER key.
¢ In this example, the address number is set to 3.

GPIB Address
03

U Press thel] ESCL key twice.

» The root display will resume.
ouT 0.000V 0.00A

NOTE o For an RS-232C or MCB interface board also, specify an address number in the same
procedure as above.
o For the factory-default for address setting, refer to Chapter 4 "REMOTE PROGRAM-
MING."
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3.5.2 Analog Remote Control

[1] Analog Remote Control Connector (J2)

The analog remote control connector (J2) on the rear panel is for remote-control of the power supply with
an external analog signal. To remote-control the output voltage (or current) with the signal applied via the
J2 connector, you must select the corresponding mode on the configuration menu. (Refer to Section 3.5.1

"Configuration.")

Connector J2 is a 26-pin plug of MIL type. Its pin assignment is as shown on the below table. When using

it, insert the pins (supplied) in the connector cover which is attached to the connector.

(As viewed from rear panel)

Pin Assignment of Analog Remote Control Connector (J2)

X

[

e 9P

3-714

o ) 1;‘(’)‘ Signal E‘;’ Signal
63 @ | NO CONNECTION @ | +REFERENCE
@ | ANALOG COMMON# @ | REHOTE CONTROL INPUT
/Z%é\% @ | NO CONNECTION @ | -REFERECE
@ | NO CONNECTION @ | +REFERENCE
@ | ANALOG COMMON @ | NO CONNECTION
® | NO CONNECTION @® | -REFERENCE
@ | NO CONNECTION @ | CV MONITOR
@ | ANALOG COMHON: @ | ANALOG COMEON
@ | OUTPUT ON/OFF @ | CC MONITORs
CV MODE SIGNAL @ | POVER OFF
® | CC ¥ODE SIGNAL ® | OPTION
@ | OUTPUT ON SIGNAL ® | DIGITAL COMYON
@© | ALARE SIGNAL ® | SIGNAL COMYON

%k See the Caution below.

+ The analog common line is connected internally to the sensing common line. The
common line of the monitor output signal and that of the control voltage signal are
connected to the analog common line. Pay attention to this when grounding the

output or other line.

* The digital common line is connected intemally to the sensing common line. Lest the
control circuits should be disturbed, make no external connections for the analog

common line and sensing common line.

* Before making connection to the analog remote control connector, be certain that the
POWER switch of the power supply is OFF.

+ The signal common line is floating.
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Tools for press-connect terminals Tool Remarks
XY2B-7006 * For the press-connect method, refer to the
Press-connect tool instrution sheet which accompanies the tool.
(OMRON Corp.)

N

XY2E-0001 * Remove the hood cover before using the tool.
Contact Remover
(OMRON Corp.)

Lance retainer

XY2E-0001

NOTE * Kikusui Corporation does not distribute these tools. For these tools please contact a sales
agent of OMRON Corporation.
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[2] Analog Remote Control of Output Voltage (or Current)

* When in the analog remote control, the object of control differs depending on
whether the power supply is in the C.V mode or the C.C mode. When in the C.V
mode, the output voltage is remote-controlled; when in the C.C mode, the output
current is remote-controlled.

Bl Output control with an external voltage signal

You can remote-control the output voltage (or current) of the power supply with an external voltage signal
of 0 to approximately &= 10V. To do this, set the power supply to the remote-control state (state that its
output can be controlled with an external analog signal). (Refer to Section 3.5.1 "Configuration.")

Caution

3-76

Connect one of the two wires of the control voltage signal to the analog common line.

Eo= | Em | - Ein/10 Eo: Output voltage (V) (To: Output current (A))
(Io= |Im| -Ein/10) Em: Rated voltage (V) (Im: Rated current (I))
Ein: Control voltage (V)

0 = Ein = Approx. £10V

J?2

Twist the wires Ein —
to small loops.

COM COM

- Connect one of the two wires of the Ein signal to the analog common line.
* The analog common line is connected to the sensing common line.
+ For the sake of safety, use for Ein a voltage source which is isolated from the casing

of the supply. (If it is connccted to other potential, it may causc damagc to the control
circuit of the power supply.)

* The output voltage is the sum of the voltage corresponding to the signal applied via

the analog remote control connector plus the voltage set locally from the front pancl
or remolcly via the GPIB, RS-232C, or MCB intcrface. For example, assuming that
the rated voltage of the power supply is £40V, if Ein= — 1V is applied via the con-
nector, a voltage of approximately - 4.0V will be added to the locally-set voltage. If
the locally-set voltage is +20V, the output voltage (Eo) will be 20V + (-4V) =+16V.
The above example is for output voltage control in the C.V mode. The same is appli-
cable also for output current control in the C.C mode.

* The input impedance between pins 23) and 23of the analog remote control connector

is IM Q2.

+ For the control voltage signal (Ein), use a quality and stable voltage of less noise.
* When the extemal control voltage (Ein) circuit is made open, a noise of approxi-

mately 0.5% of the rated output may be superimposed on the output.
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Il Output control with an external resistance signal (by using a 3-terminal variable resistor)

You can remote-control the output voltage (or current) of the power supply continuously variably from the

"on

rated value to the "+" rated value by using a 10k Q variable resistor.

To do this, set the power supply to the remote-control state (state that its output can be controlled with an
external analog signal). (Refer to Section 3.5.1 "Configuration.")

J2

Eo= | Em | - Ein/10 Eo: Output voltage (V)  (To: Output current (A))
(Io=|{Im/| -Ein/10) Em: Rated voltage (V) (Im: Rated current (I))
Ein: Voltage between terminal @of variable resis
tor and analog common terminal (pin 23 of J2)
(+REF) 4+ Approx. -10.8V = Ein = Approx. +10.8V
8 Rin: Resistance between terminals@and@of vari
2 Q ] able resistor

Ein

Analog common

* The relationship between Rinand Einis 002 = -10.8V,5k ) = 082, and 10k 2 = +10.8V.
As you change Rin from 002 to 10k 2, the output will change approximately from -108% to
+108% of the rated output.

+ If you want to change the range adjustable with the 10k (2resistor to approximatcly -100%
to +100% of the rated output, connect a scrics resistor Rx of approximately 250£2 (adjust-
able form 002 to approximately 80012) between pin@of J2 and terminal O of the variable
resistor and another identical resistor between ping3 of J2 and terminal @) of the variable re-
sistor.

- The output is the sum of the output corresponding to the control signal applied via the
analog remote control connector plus the output set locally from the front pancl or remotely
via the GPIB, RS-232C, or MCB interface. For example, assuming that the rated voltage of
the supply is £40V, if Ein= -1V, a voltage of approximately —4.0V will be added to the
locally-set output voltage. If the locally-set voltage is +20V, the output voltage (Eo) will
be 20V + (-4V) = +16V.

* A current of approximately 2mA constantly flows through Rin and Rx. For resistors Rin
and Rx, use metallic film resistors or wirc wound resistors of 1/,W or more. The resistor
should be a quality one, with good stability against temperature change and aging.
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[3] ON/OFF control of output

The output of the power supply can be ON/OFF-controlled with an external contact signal. When the
output is tumed OFF by the external contact signal, the OUTPUT LED blinks. The external contact "make"
is for output OFF.

J2
+ Twist the wires

to small loops.

Terminal (0 is pulled up to +5V with a 10k Q) resistor within the power supply.
Terminal @) is of the digital common line. (It is connected to the sensing common line within the power
supply.)

* The output OFF command has a priority over the output OFF action. The output of the
power supply is not tumed ON unless the output signal fed from the front panel or via the
interface board (GPIB, RS-232C, or MCB) and that fed via the analog remole control termi-
nal are both for ON.

+ The current that flows through the contact (switch S) is 0.5mA or less. The open-contact
voltage is +5V DC.

[4] Turning OFF the POWER switch

The POWER switch of the power supply can be tumed OFF with an external contact signal. The cxternal
contact "make" is for output OFF.

J?
+

Twist the wires

to small loops.

Terminal @ is pulled up to +15V with a 12k Q resistor within the power supply.
Terminal (@ is of the digital common linc. (It is connected to the sensing common line within the power
supply.)

NOTE ) - The currcnt that flows through the contact (swilch S) is approximately 1mA. The open-
contact voltage is +15V DC.
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[5] Voltage monitor and current monitor
Voltage Monitor

The power supply delivers a monitor signal of approximately OV to approximately =2V to represent
the output voltage of OV to the rated value.

J2

O 0~+2V

Analog common

®_

Digital
voltmeter

Current Monitor
The power supply delivers a monitor signal of approximately OV to approximately £2V to represent
the output current of OA to the rated value.

J2

@ 0~22V

Analog common

@___

Digital
voltmeter

NOTE ) -+ The monitor signals do not indicate waveforms.
+ The common line terminals of the monitor signals are terminals () and @. They are con-
nected to the sensing common line.
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[6] Status output signals

The power supply delivers its status signals as mentioned below. The signals are isolated from the power
supply by photocouplers.

Pin assignment of remote control connector J2 on rear panel

@ @ C.C mode signal
: : @ C.V mode signal

; : 4 ) Output ON signal
: : 2 ) Alarm signal

—@ Signal common (floating)

Description of signals

C.C mode signal === ON when power supply is in C.C mode
C.V mode signal === ON when power supply is in C.V mode
Output ON signal----+--- ON when the output is ON

Alarm signal--eseereeeeees ON when OVP or OHP has tripped
Signal common  +eceeee Common line of the above signals

NOTE ) - If the OVP trips when the power supply is set to power-OFF or crowbar-ON, the alarm
signal is turned ON for only approximately 50ms following the trip.

+ The photocouplers arc Toshiba TLP521-1 or equivalent.

(Ta=25TC)
Item Symbol TLP521-1 Unit
Collector-emitter voltage VCEO 55 A\
Emitter-collector voltage VECo 7 \4
Detec- | Collector current Ic 50 mA
tor Collector power dissipation Pc 150 mW
side (per circuit)
Collector power dissipation reduction APc/C -1.5 mW/T
(Ta=25 C up) (per circuit)
Operating temperature Topr 5510 100 T
Storage temperature Tstr -55t0 125 T
Allowable loss (per circuit) Pt 250 mW
Allowable-loss reduction APYT -2.5 mW/T
(Ta=25C up) (per circuit)
Withstanding voltage (Note 1) BVs 2500 Vrms

Note 1: AC, for 1 minute, relative humidity 40% to 60%
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3.5.3 Amplitude Setting Function

When you have selected the <From BNC> or <From J2 & BNC> from the [Local/Remote] configuration
menu, you can set an amplitude factor for the external voltage signal applied via the EXT SIG IN terminal
on the front sub-panel. This function allows you to change the output voltage (or current) level (amplitude)
without changing the input signal level (amplitude). The amplitude factor is adjustable within a range of 0%
to 100%. The factory-default setting is 0%. Press the [AMPL] key, and set the amplitude factor for with
the JOG/SHUTTLE dials or the numeric keys.

This function is effective when the power supply is used as a power booster (increasing output current
capacity of an oscillator), a external voltage controlled current source that can obtain output current in
proportion to output waveform of an oscillator for any kind of load and so on.

When in the C.V mode of operation, the output voltage is expressed as follows (The output current
is depended on a load):

Vin AMPL
Output voltage = Approx. 70V X Rated output voltage X oo

=+ (Setting from front paenl + Input from J2 X Gain)

Where, Vin : External control voltage signal applied
via EXT SIG IN terminal.
AMPL : Amplitude factor (%)
Gain : Refer to table of the next page.

When in the C.C mode of operation, the output current is expressed as follows (The output voltage
is depended on a load):

Vin AMPL

Output current = Approx. 10V X Rated output current X oo

= (Sctting from front paenl + Input from J2 X Conductance)

Where, Vin : External control voltage signal applicd
via EXT SIG IN terminal
AMPL : Amplitude factor (%)
Conductance : Refer to table of the next page.

Input from J2, Refer to Section 3.5.2 [2] "Analog Remote Control of Output Voltage (or Current).

A block diagram of the amplitude setting circuit

Setting from front panel
EXT SIG IN +)\
® + O OUTPUT
+
Input from J2
*+ When in the C.V mode , An amplificr of fixed gain (2 or 4)
AMPL + When in the C.C mode , A Conductance amplifier of fixed Conductance (0.25 to 2 siemens)

3-81



Chapter 3. OPERATING METHOD

Example of amplitude setting

For example, if you apply an external control voltage signal of +10V and set the amplitude factor at 100%,

the power supply will deliver its rated output.

\/ - Not input from JZ',—"—
oV TTTTTTTTTToTmTTmTTTTT e

When in the C.V mode, an amplifier (voltage output to voltage
input) which has a gain of 2 or 4.

When in the C.C mode, a conductance amplifier (current output to
voltage input) which has a conductance of 0.25 to 2 siemens.

Relationship of input voltage and output voltage (or output
current) is as shown on the right table.

oV E AMPL :100%" Panel setting : OV "~~__ /\

20V or 40V
\/ )
— 20V or -40V
C.V mode C.C mode
Gain Conductance
(siemens)
PBX20-5 2 0.5
PBX20-10 2 1.0
PBX20-20 2 2.0
PBX40-2.5 4 0.25
PBX40-5 4 0.5
PBX40-10 4 1.0

NOTE o The amplitude factor is displayed in a percentage unit of down to 0.1%. The actual

resolution, however, is 1/256 ( =0.4%).

» The frequency response changes with setting of the Rise/Fall time. Refer to Section 3.5.6
" Setting the Rise/Fall Time and the frequency response for an external signal."
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Chapter 4.
REMOTE
PROGRAMMING

This chapter describes the method to control the power supply remotely
from a controller via an interface board (optional).
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You can remote-control the power supply from a personal computer or other controller via an optional
interface board (refer to Section 7.4 "Optional Items"). This chapter explains commands that you may use
for this type of remote control.

NOTE + For the installation mcthod of the inlerface board, refer to its operation manual,

Applicable Interface Boards

The remote-control commands introduced in this chapter are applicable to the following three types of
interface boards:

- IB11 . GPIB Interface Board
- RS11 . RS-232C Interface Board
+ MC118 : MCB (multi-channel bus) Interface Board

* As the command for the remote control status is given to the power supply via the interface,
the power supply becomes the interface status. To retum it to the local status, press the
[SHIFT] + [BS] LOCAL keys.
- For the displays that appear when in the interface status, refer to Section 3.3.7 " Displaying
the Interface Status.”
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4.1 Initial Setting of Interface

4.1.1 GPIB Interface
[1] Setting the GPIB address

For the setting procedure of the GPIB address, refer to Section 3.5.1 "Configuration.'

NOTE * The factory-default for the GPIB address is "1".

[2] Setting the response message terminator (delimiter)

For the response message terminator, select one of the following:

CrLF+EOI

Cr+EOI Cr : Carriage Retum
LF+EOI LF : Line Feed

EOI EOI : End of Identify

The response message terminator can be set by using the command. For data transaction between
the controller and the IB11, it is necessary that their response message terminators mutually conform. If the
terminators do not conform, data transaction between them may be unsuccessful. For the com-
mand, refer to Section 4.3.2, [11] "System Commands."

NOTE ) * The factory-defaults for the response message terminator is CRLF+EOI,

[3] Setting the Power-on SRQ
For the setting method of the Power-on SRQ (service request), refer to Section 3.5.1 "Configuration."

NOTE ) - The factory-default for the Power-on SRQ is <Disable>.
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4.1.2 RS-232C Interface
[1] Setting the RS-232C protocols

When you have selected the RS-232C, be sure to set the items mentioned below. For setting of these items,
refer to Section 3.5.1 "Configuration." The figures enclosed in the parentheses are factory-dcfaults.

Transfer rate (9600 bps)
Data bit size (8 bits)
Stop bit size (2 bits)
Parity bit (none)
[2] Setting the response message terminator (delimiter)

For the response message terminator (delimiter), select one of the following:

CrLF

Cr Cr : Carriage Return
LF LF : Line Feed
None

The response message terminator can be set by using the| TERM| command. For data transaction between
the controller and the RS11, it is necessary that their response message terminators mutually conform. If

the terminators do not conform, data transaction between them may be unsuccessful. For the | TERM
command, refer to Section 4.3.2, [11] "System Commands."

NOTE ) - The factory-defaults for the response message terminator is CRLF.

[3] Resetting to the local status

The power supply cannot be reset to the local status by a command given via the RS-232C interface. It
must be reset locally from the front panel by pressing the [SHIFT] + [BS] LOCAL keys.
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4.1.3 MCB Interface
[1] Setting the MCB device address

When you have selected the MCB, be sure to set the device address for it. For the setting procedure of the
MCB device address, refer to Section 3.5.1 "Configuration."

- Set the device addresses as follows.
Master : 0 (fixed)
Slaves : Anyof1to 15

[2] Resetting to the local status

The power supply cannot be reset to the local status by a command given via the MCB interface. It must be
reset locally from the front panel by pressing the [SHIFT] + [BS] LOCAL keys.
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4.2 Programming Format

This section describes the structure of the general-type programming format.

/~ For convenience of description, the following symbols are used in this chapter. )
L] : Required characters such as header and data
M : Data that may not be required depending on mode
O : Pronominal characters
O . Characters for substitution
0O : Unit characters
xxh : Hexadecimal data
- /

4.2.1 Commands

These are the commands that are fed from the GPIB controller or RS-232C terminal to the power supply.

[1] Program message

This command is to operate the power supply. It consists of a header and data, and is in a form of strings
of ASCII code characters.

————ﬂProgram header )% f .

-

[2] Query message

This command is to obtain information from the power supply. It consists of a header (with a "?") and data,
and is in a form of strings of ASCII code characters.

{Query header) ———»-D l { Query data ) } f -

[3]1 Compound message

This message consists of two or more program messages and a query message.

—-{( Program messagﬁ—c—ﬂ { Program message)} ]f

{Query message)}
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[4] Hold-off (GPIB)

By suffixing an "@"(40h) at the end of a program message or a query message, the GPIB can be held off
until the execution of the message is complete. However, in the event of a command message terminator
with only EOI, use "@@".

NOTE « The hold-off function is applicable to the GPIB interface board (IB11) only.

4.2.2 Response Message

The response message is a message returned by the power supply to the GPIB controller or RS-232C termi-
nal, in response to a query message.
The response message consists of a header and data, and is in the form of strings of ASCII code characters.

o )

—>|<Response header>|—>|] SP[{ f | <Response data>|

4.2.3 Acknowledge Message (RS-232C)

An acknowledge message corresponding to a program message is sent from the power supply to the RS-
232C terminal, notifying that the processing for the program messsage is complete. The acknowledge
message consists only of a header, and is in a form of strings of ASCII code characters.

—>| <Acknowledge header>|

o The acknowledge message is applicable to the RS-232C interface board (RS11) only.
o There are three types of acknowledge headers as follows:
[OK] ................. Normally ended.
[ERROR] .......... Syntax error or other error occurred.
[TIME OUT] .... MCB address error, etc.
o The acknowledge message can be turned ON/OFF with the command.
o The factory-default for the acknowledge message is <SILENT ON>.
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4.2.4 Flow Control (RS-232C)

The transmit/receive operation of the RS11 can be controlled with XoN/XoFrF. These control codes are DC
(device control) codes.

Action ISO, EIA Codes
DC1 Request to send 11h
DC3 Request to stop sending 13h

[1] To control transmission from RS-232C terminal to RS11

Signal name DC3 DC1

RXD 1] L]

TXD l I
Pause Resume

NOTE ) - The RS11 pauses transmission within 3 characters after receiving DC3.

[2] To control transmission from RS11 to RS-232C terminal
Signal name DC3 DC1

RXD ] [
Pause Resume
NOTE * The terminal should stop transmission within 10 characters after receiving DC3.
+ Transmission/reception must be controlled by means of flow control or acknowledge

messages. Communication may not be successful with mere transmission.
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4.3 Description of Commands

4.3.1 Terminology

This section explains the terms used in the commands.

[1] Header

The header is a keyword of a command and is composed of a string of ASCII code characters. You may use
either uppercase or lowercase letters for headers, although uppercase letters arc used throughout in this
manual for case of identification. You cannot put, however, a space character or the like within a header.

[2] Data

This item is an argument that immediately follows a header. The format of data differs depending on the
type of header.

Type of data
NRI1 1 (ON) /0 (OFF)
NR2 Decimal integer
NR3 Hexadecimal
NR4 Real number *1
[string] Alphanumeric string *2
Must be enclosed in double-quotes ().
sp Space code (20h)
? Character {?]  (3Fh)
R Character [,] (2Ch)

*1: * Accepts integer, fraction, and exponent types.
Examples: 8, 1.25, 2.56E+1
* The following units can be identified.
Voltage: kV, V, mV ([V] for default)
Current: kA, A, mA ([A] for default)
Time: s, ms, s ([s] for default)

NOTE * For programming, use "US" instead of "u s".

*2: * The control code must not include a space or spaces.
* Lowercase letters are automatically converted into uppercase letters by the system.

[3] Response messages

All character strings of response headers and response data are with uppercase letters of ASCII Codes.



Chapter 4. REMOTE PROGRAMMING

4.3.2 Structures and Descriptions of Commands

[1] Voltage, current, and output control commands (1/2)

4(SP){ %(NR])}
“—-4?}

(5P (NR4)

—I(SP)[ (NR4)
L—@

—JOI

L

JOI

L

[7epyl

VFIN —](SP)| —IJ(NR2)[I
9
IFIN >l(SP)[ J(NR?“
(G
o 1 Tnpo
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Header Data Action Remarks
ouT 0 (OFF) Turn OFF the output
1 (ON) Turn ON the output
ouT? Return O or 1
VSET Real number [V] Set the voltage Unavailablg
when in C.C
VSET? Return the set voltage mode
ISET Real number [A] Set the current Unavailable]
when in
ISET? Return the set current C.V mode
VOUT? Return the actual output voltage
I0UT? Return the actual output current
VFINE —128to +127 Set the Fine-adjust voltage Ugavajlable
when in
VFINE? Retumn the set Fine-adjust voltage C.C mode
IFINE —128 10 +127 Set the Fine-adjust current Ugavajlable
when in
IFINE? Return the set Fine-adjust current C.V mode
TRTF 1 Set Tr Tf time to 50 (100) ys }100) sis
or C.C mode
2 Set Tr Tf time to 500us
3 Set Tr Tf time to Sms
4 Set Tr Tf time to Through
TRTEF? Returmn 1,2,3 0r4

Programming example (when in C.V mode)

" <KVSET, VSET?, VOUT? sample>>
REM $INCLUDE: ' gbdecl. bas’
DECLARE SUB wai ()
devname$ = "DEV1”

CALL ibfind(devmame$, pbx%)
CALL ibclr(pbx¥)

wrt$ = "VSET 5. 00V”
CALL ibwrt(pbx%, wrt$)
wrt$ = "OUT 1¢"

CALL ibwrt(pbx¥, wrt$)
CALL wai

wrt$ = "VSET 4. 75E+0"
CALL ibwrt(pbx%, wrt$)
CALL wai

wrt$ = "VSET 5250MV"
CALL ibwrt(pbx%, wrt$)
CALL wai

wrt$ = "VSET 0. 005KV”
CALL ibwrt(pbx%, wrt$)
CALL wai

wrt$ = "OUT OFF”

CALL ibwrt(pbx¥, wrt$)

" Initialize PS2 with MC-GPIB
" Set the voltage

" Set to Output-on

' Set the voltage 4. 75V

" Set the voltage 5. 25V

Set the voltage 5. 00V

" Set to Output-off

Subroutine wai

SUB wai STATIC
wrt$ = "VSET?"
CALL ibwrt(pbx%, wrt$)
rd$ = SPACE$(20)
CALL ibrd(pbx%, rd$)
PRINT rd$
FOR ¥2 = 1 T0 4
wrt$ = "VOUT?"
CALL ibwrt(pbx%, wrt$)
rd$ = SPACE$(20)
CALL ibrd(pbx¥, rd$)
PRINT rd$
FOR ¥1 = 0 TO 2000: NEXT Wi
NEXT ¥2
END SUB

" Query the set voltage

" Readback the set voltage

" Query the output voltage

" Readback the output voltage

4-11
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[2] Voltage, current, and output control commands (2/2)

——{TRIGVSET] (sP) (NR4) ~ [V} -

TRIGISET -|'<SP>,' > (NR4)
TRIGSTOP 1

TRG J
Header Data Action Remarks

TRIGVSET Real number [V] | Set the voltage value to be output to the trigger buffer Unavailable
when in C.C
mode

TRIGISET Real number [A] Set the current value to be output to the trigger buffer Unavailable
when in C.V
mode

TRIGSTOP Clear the contents of trigger buffer

TRG Execute the contents of trigger buffer

NOTE ) - The contents of the trigger buffer will be clearcd if the trigger buffer is set by the| TRIGxxx
command and then another command is executed before exccuting the TRG |command.

- If the trigger buffer is empty, nothing will occur even when the[ TRG |command is given.

- When execution of the command is over, the trigger buffer will become empty.

* Because there is only one trigger buffer, only one setting is done per one command.

- The |TRIGVSET| +[ TRG ] and | TRIGISET | +| TRG | commands do not have the function
that the Fine value automatically becomes zero.

* For the operation procedures, refer to Section 4.7 "Examples of Remote Programming,
"[6] "Example of MICB path address designation and simulfaneous operation."
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[3] Memory operation, and setup functions

MEM JVI(SP)II J|(NR2)|| 7 —
MEMSTO (§P) (NR2) }— /
SETRCL (5P} ~(NR2)] 4
SETSTO (SP) {NR2) o
SETINI J
Header Data Action Remarks
MEM 1to4d Set the output voltage (or current) with data stored in specified
memory (1 for A, 2 for B, 3 for C, and 4 for D)
MEMSTO 1to4 Store the currently existing voltage and current setup data onto
memory
SETRCL Oto9 Recall the setup file from specified memory
SETSTO Oto9 Store the setup data into setup file of specified memory.
SETINI Initialize the setup to the factory-defaults.

NOTE - For the operation procedures, refer to Section 4.7 "Examples of Remote Programming," [4]"
Example of use of memory function.”
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[4] Protection Commands

RESET
——[PviinseT] ~—{(sP)] H{(ira)] @J
—{2] 1
MVL IMSET y (5P} [(NR4)] @—J
—{?] e
PILIMSET ~—{(sP)] J(NR4)] LJ:]_A—_—I—)
% A
MILIMSET ~ [(spr} J(iRD)] L{%—)
\_E A
HPVL M -] 4
HPIL IM 7] /
— ] 7] .
LIMACTN (5P} TNR2) ] 1
——{VL1MOVP] (5P} ~[(NR2)] g
LIMDLY J,(SP)', ='](NR4)|
D
(s {(nr2)]

— {7
9
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Header Data Action Remarks
RESET Reset from alarm status
PVLIMSET Real number [V] | Set the software +V Limit
PVLIMSET? Return the software +V Limit
MVLIMSET Real number [V] | Set the software —V Limit
MVLIMSET? Retum the software —V Limit
PILIMSET Real number [A] | Set the software +I Limit
PILIMSET? Retumn the software +I Limit
MILIMSET Real number [A] | Set the software —I Limit
MILIMSET? Retum the software —I Limit
HPVLIM? Return the hardware +V Limit
HMVLIM? Return the hardware —V Limit
HPILIM? Return the hardware +I Limit
HMILIM? Return the hardware —I Limit
LIMACTN 1 Set <OUTPUT OFF>

2 Set <POWER OFF>
LIMACTN? Return 1 or 2
VLIMOVP 1 Set <V Limit>
2 Set <OV Output OFF>
3 Set <OV Power OFF>
4 Set <OV Crowbar ON> *
VLIMOVP? Retumn 1,2,3 0or4
LIMDLY 0.05-9.99 [s] Set the limit delay time
LIMDLY? Return the limit delay time
MCBACTN 1 Disable the MCB protective action
2 Enable the MCB protective action
MCBACTN? Return 1 or 2

* When | VLIMOVP4 | command is sent, Error 061 ( I/F Can't Excute ) is returned.
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[S] Measurement commands

MEASMODE ~(5p)] S (NR2)]
Lq
o1
—{viax] (2]
VMIN 7]
01
I MAX {7]
o]
IMIN {91
AMPLSET J—,(SP)[' =]] (NR4)|I
\—>|‘?=
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Header Data Action Remarks

MEASMODE 1 Set to <DC> *1

2 Set to <RMS>

3 Set to <+Peak Vout>

4 Set to <—Peak Vout>

5 Set to <+Peak Iout>

6 Set to <—Peak Iout>
MEASMODE? Return 1,2,3,4.50r 6
VMAX? Return the maximum voltage *2
VMIN? Return the minimum voltage *2
IMAX? Return the maximum current *3
IMIN? Return the minimum current *3
AMPLSET 0.0 - 100.0 Set the amplitude factor [%] *4
AMPLSET? Return the amplitude factor

*1: Measurement of analog data in response to| VOUT?| or other query with a
mand takes certain time (several hundreds milliseconds). When using a

MEASMODE |com-

MEASMODE |com-

mand, specify a hold-off (@) for GPIB or an acknowledge message for RS-232C.

*2: This query is invalid for <+/- Peak Iout> measurement.
*3: This query is invalid for <+/— Peak Vout> measurement.
*4: Applicable only to the analog remote control via the front sub-panel.
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[6] Sequence commands (1/2)

—{FEwE )T} [ [ [ |

——[FEERE TSP [ [ —{] [0} -

= {0 T -

SR 133 R py T 77

NI
——{[sTEP] {(sP)] ~[(NR2)]

=T NR2 J—'ET@J ]@—f
o LR~

oL iy

~

D
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Header Data Action Remarks
NEWSEQ @1 Set to NV mode
2 Set to NI mode
* No. 2 program 10 Set to FV mode
data (2 is not
needed for FV 11 Set to FI mode
and FI modes. -
@ 1 Set the time unit to msec
2 Set the time unit to sec
3 Set the time unit to minute
4 Set the time unit to hour
SEQUENCE ®D| 1-8 Specify the sequence number
@\ 1-16 Specify the program to be run
* No. 6 program |(®| 1-9999 Specify the number of loops (9999 for infinitive repe-
data is not titions
needed for NV -
and NI modes.|@| 0, 1-8 Specify the sequence number for chain destination
forno chain)
®] 0, 1-16 Spe.cifg' the end program number (0 for no end desig-
nation
®| 0.1-[ms] Execution time in FV/FI mode
SEQUENCE? 1-8 Retumn the parameter of specified sequence number
STEP @| 1-256 Sl}J)ecify the step number
(1-1024) (Up to 1024 for FV or FI mode)
(Default:Preceding step No.+1)
No.2,5,6,and 7|@| 0 Specify stepwise change of output voltage
%o%éam data (2, (or current)p
t ’?im(ji O?re 1 Specify rampwise change of output volta,
not neede i wi utput voltage
FV and FI modes (é)re current) P g &
®| Real number Set the voltage (or current)
[V1[A]
@| 0(OFF) Set the trigger output to OFF
1 (ON) Set the trigger output to ON
®| 0 (OFF) Set the output to OFF
1 (ON) Set the output to ON
®/| 0(OFF) Set the PAUSE to OFF
1 (ON) Set the PAUSE to ON
@ Real number(s] Set the time data (in the unit of [sec] regardless of the unit set by NEW SEQ)
STEP? 1-256 Retum the parameter of the specified step number
(1-1024) (The numbers enclosed in the parentheses are for FV
and FI modes.)

NOTE * You may omit the program data of command. If you omit it, the step parameter is
not overwritten. For the operation method, refer to Section 4.7 "Examples of Remole Pro-

gramming," [7] and [8] "Example of sequence operation.”
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[7]1 Sequence commands (2/2)

sl SITTER
FLOAD H{(sP)] J(NR2)] 7
——{FsAVE] ~{(sP)] H(NR2) |- 1
»

PROGRAM ~—{(sP)} ~{(NR2)]
0 y

£0S (SP) (NR2) 4

EXECUTE (§P) (NR1) /

RUN {(sP)] ~{(NR2) |- -
—fsTo7} y

—{fExTsEe PR (]
(sPY}—[RZ [
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Header Data Action Remarks
FLOAD 0 Load the specified file to the sequence execution
memory
FSAVE 0 Save the sequence execution memory contents into
the specified file
PROGRAM 1-16 Specify the program number (Thereafter, effective
for STEP and EOS commands)
PROGRAM? Return the specified program number
EOS 1-256 Set the final step number of the specified program
(1-1024) (Default: previous step number + 1)
EXECUTE 1 (ON) Set to the execute mode (RUN, STOP, PAUSE
enabled)
0 (OFF) Release from the execute mode
RUN 1-8 Run the specified sequence number *1
PAUSE 1 (ON) Pause the sequence |
0 (OFF) Release from the pause
STOP Stop the sequence forcibly *1
RUNNING? Return the se%lﬁnce run status data
(<STOP:1, RUN:2, PAUSE:3>, <SEQ. NO.>,
<PROG. NO.>, <LOOP>, <STEP NO.>)
SEQMODE? Retumn the se(lluence mode data (<NV: 1, NI: 2,
FV: 10, FI: 11>)
TEXTIDX String of characters | Provide an index with a string of up to six characters,
for execution sequence memory
TEXTSEQ @ |1-8 Specify the sequence number
@ | String of characters| Write a comment with a train of up to six characters,
for the specified sequence number
TEXTPROG |@ |1-16 Specify the program number
@ | String of characters| Write a comment with a string of up to six characters,

for the specified program number

*1: During the EXECUTE mode, other program commands than [RUN], [STOPJ, [PAUSE | and [RESET] are
ineffective. When in the state released from the EXECUTE mode, the RUN], [STOPJand [PAUSE]
commands are ineffective.
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[8] Utility Commands

PORT ) (5P) (NR1) —

9 Y,
POW ﬁ'(sr’),' (NR1) |—
J—IWAITII —]J(SP)I' = (NR2)
]' CLR II 7
Header Data Action Remarks
PORT 1 (ON) Turm ON (closed) between digital common terminal and option|
terminal of J2 conncctor on rear panel
0 (OFF) Tum OFF (open) between digital common terminal and option
terminal of J2 connector on rear panel
PORT? RetumOor1
POW 0 (OFF) Turm OFF the AC POWER switch of the power supply
WAIT 1-5 Wait for the <specified> period doing nothing
CLR Clear the buffer, etc.

NOTE * The option terminal that is ON/OFF-controlled by the |PORT|command provides an open
collector output of Ic=50mA (VCE$AT)=0.5V) (equivalent to Toshiba 2SC1815).
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LLO ~{(5P)] (NRD) }—
L.@ J
Header Data Action Remarks
PATH Address Set the MCB path address
(0-15, 16) (path address 16: for all addresses)
PATH? Return the MCB path address
ROOTPATH Set the path address to O
LLO 1 (ON) Set to local lockout
0 (OFF) Release from local lockout
LLO? Return Q or 1

-

* For the MCB path address, specify an address which actually exists. When you have

specified an address which does not actually exist, send <DCL> to GPIB. The path
address will be set to 0 (master).
* For answer (o the query message on path address 16, data of path address 0 (master)

will be returned.

For the operation procedures, refer to Section 4.7 "Examples of Remote Program-
ming," [6] "Example of MCB path address designation and simultaneous operation."
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[10] Commands and control codes for RS-232C only

SILENT

CTLRZ

(XON)

(XOFF)

~LL0]

:

Header Data Action Remarks
SILENT 1 (ON) Do not return the acknowledge message
0 (OFF) Rctum the acknowledge message
SILENT? ReturnOor1
CTRLZ Retum the code (1Ah)
<XON> Resume transmission from RS-11
(11h) (Refer to Section "Flow Control.")
<XOFF> Stop transmission from RS-11
(13h) (Refer to Section "Flow Control.")
LLO 1 (ON) Set to local lockout |
0 (OFF) Release from local lockout
LLO? Return Oor1
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[11] System commands

.

—~
]
o
—
—
=
o
~
—
/

UNMASK

FUNMASK

ik
|

@ y
,E y
MOD E y
—fTEn] ) (ve2)
9 y
——[HEAD] H{(sp) (NR1)
? A
ERR 2] y,
Header Data Action Remarks
UNMASK 0-255 Set the unmask register
UNMASK? Return the UNMASK value in decimal
FUNMASK 0-255 Set the fault unmask register
FUNMASK? Retum the FUNMASK value in decimal
STB? Return the status byte register value in decimal
FAU? Return the fault register value in decimal
STS? Return the status register value in decimal
MOD? Return the mode register value in decimal
IDN? Recturn the model and ROM version number
TERM 0 Set the response terminator to [CRLF]
1 Set the response terminator to [CRr]
2 Set the response terminator to {LF]
3 Set the response terminator to [EOI]
TERM? Return 0, 1,2 0r 3
HEAD 1 (ON) Add a query header to the query message
0 (OFF) Add no query header to the query message
HEAD? Retum O or 1
ERR? Return error code
(Refer to 4.6 "Table of Error Codes.")

* For bit assignment of each of the registers, refer to Section 4.4 "Bit Assignment of Regis-

ters."

* For the operation procedures, refer to Section 4.7 "Examples of Remote Programming,” [5]

"Examples of setting, call out, and SRQ operation of registers.”
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[12] Commands and special codes for GPIB only

Multiline message <DCL>: To set the MCB path address to 0. To clear the error message.
Multiline message <SDC>: The same as above.
Multiline message <GET>: The same as the command.

"@" (40h): The "@" code (40h) suffixed to a program command is for hold off until exe-
cution of the message ends. However, in the event of a command message
terminator with only EOI, use "@@".

Example

wrt$ = "VSET 5.0Vv"
CALL ibwrt(pax%, wrt$) ' Get message into the input buffer
" and then proceed to the next
wrt$ = "VSET 5.0v@"
CALL ibwrt(pax%, wrt$) ' Execute "VSET 5.0V" and then
' proceed to the next
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4.4 Bit Assignment of Registers

[1] Status byte register

MSB LSB
7 5 4 3 2 1 0
X RQS X MCB ERR SE PON FAU

Bit 0 [FAU ] : Means that one of the fault register bits is "true.”

Bit 1 [PON ] : Means the power-on status.

Bit2 [SE ] : Means that the sequence is over.

Bit 3 [ERR ] : Means that a syntax error or the like has occurred.

Bit 4 [MCB] : Means that an SRQ is received from MCB.

BitS[X ] . Undefined

Bit 6 [RQS ] : Means that a service request is originated.

Bit7[X ] : Undefined

* Bit 1 [PON] and bit 6 [RQS] are effective for the IB11 interface board only.

* Bit 3 [ERR] can be reset with the query, command, <DCL> or
<SDC>.

* Bit 6 [RQS] can be reset by serial polling of GPIB.

* Bit 1 [PON] and bit 2 [SE] are undefined for the query.

[2] Unmask register

MSB LSB

7 5 4 3 2 1 0

0 0 MCB ERR | SE 0 FAU
Bit 0 [FAU ] : To originate an SRQ when one of the register bits is "true.”
Bit1[ 0 ] : Not used
Bit2 [SE ] : To originate a service request when the sequence is over.
Bit 3 [ERR ] : To originate a service request when a syntax error or the like has occurred.
Bit 4 [MCB] : To originate a service request as requested by MCB.
Bit5[ 0 ] : Not used
Bit6[ 0 ] : Not used
Bit7[ 0 ] : Not used

 For the bits which are not used, set [0].
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[3] Fault register

MSB LSB
7 6 5 4 3 2 1 0
X LIM X X X OHP DLIM | OVP

Bit 0 [OVP ] : OVP action

Bit 1 [DLIM] : Declayed limit action

Bit 2 [OHP ] : OHP action

Bit3[ X ] . Undefined

Bit4[ X ] : Undefined

BitS{ X ] Undefined

Bit 6 [LIM ] . Limit action

Bit7[ X ] Undefined

NOTE * Each of the fault resistor bits has a latch function. It is held in the set state until it is
read by the query.

[4] Fault unmask register

MSB LSB
7 5 4 3 2 1 0
0 LIM 0 0 0 OHP DLIM | OVP

Bit 0 [OVP] : Enable the OVP bit of fault resistor

Bit 1 [DLIM] : Enable the DLIM bit of fault resistor

Bit 2 [OHP] : Enable the OHP bit of fault resistor

Bit3[ 0 ] : Not used

Bit4[ 0 ] : Not used

Bit5[ 0 ] : Not used

Bit 6 [LIM ] : Enable the LIM bit of fault resistor

Bit7[ 0 ] . Not used

NOTE * For the bits that are not used, set [0].

[5] Status register

MSB LSB
7 5 4 3 2 1 0
X LIM X X X OHP DLIM | OVP

Bit 0 [OVP] : OVP action

Bit 1 [DLIM] : Delayed limit action

Bit 2 [OHP] : OHP action

Bit3[ X ] . Undefined

Bit4[ X ] : Undefined

Bit5[ X ] Undefined

Bit 6 [LIM] : Limit action

Bit7[ X ] : Undefined
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MSB LSB
7 6 5 4 3 2 1 0
ERL1 | ERLO X X Ccv EOFF CRW | FST

Bit O [FST] : [1] for C.V fast mode or C.C dynamic mode;
[0] for C.V nommal mode or C.C static mode.

Bit 1 [CRW] : [1] when crowbar option is set.

Bit 2 [EOFF] : [1] when the output ON/OFF control signal applied via analog remote control connec-
tor J2 on rear panel is set to OFF (short).

Bit3[ CV ] : [1] for C.V mode; [0] for C.C mode

Bit4[ X ] . Undefined

Bit5[ X ] : Undefined

Bit 6 [ERLO] . External remote status code O %1

Bit 7 [ERL1] . External remote status code 1 *1

*¥ 1: Table of external remote status codes

ERL1 ERLO
<Local> 0 0
<From J2> 0 1
<From BNC> 1 1

<From J2 & BNC>
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4.5 Relationships Among SRQ, Status Bytes, and Registers

The power supply has registers which are used to notify to the controller the events occurred in the power
supply. This section explains these registers.

Relationships among SRQ, status bytes, and registers

Status byte register

5 7 6 5 { 3 2 1 0
< x | RQS| x |MCB|ERR| SE | PON|FAU
Error register

Erre) <[]

(MCB ACTN) I@
{ERROR) E&:

(SE)

———> > 5RO

(PON) —2)

(PON EN) T

@
LOGICAL OR

Unmask register

\&;
|UNMASK] =7 6 5 4 3 2 1 0
UNMASKOl & X | X | X [ MCBERR| SE | X | FAU LOGICAL OR

Fault unmask register

'FUNMASKIj 1 6 5, 4 3 2 1 0 1 6 5 4 3 2 1 0
FUNMASKO| <& [ 0 [LIM] 0 | 0 | O |OHP DLIM|OVP XL X | X | X | onp [oLiuf ove = [Faue]

Fault register

®

—&

®

Status register

Mode register

S

1 6 5 4 3 2 ! 0

1 6 5 4 3 2 |
C XL} X | X | X | OHP [DLIM} OVP ERLT[ERLO| X | X | CV [EOFF| CRW | FST =

1 R

% : SRQ is for GPIB only.
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Error code Panel display
1 I1/F Syntax Error.
2 I/F Argument Error.
24 No Use EXT SIG IN.
27 Can’t Recall SETUP.
35 Invalid Sequence.
51 Parity Error.
52 Framing Error.
53 RX Buff Overflow.
54 TX Buff Overflow.
60 I/F Invalid Data.
61 1/F Can' t Execute.
6 2 I/F No Answer,
63 I1/F Warning Data.
79 Data Clip.
80 Prediction V Limit.
81 Prediction I Limit.

* Each time an error occurs. it is written onto the error register. Thus, the error code
returned in response to the query is of the error which occurred latest. The
error register is cleared by the query, command, <DCL>, or <SDC>.

* For details of errors, refer to Appendix 1 "Table of Error Messages. "
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4.7 Examples of Remote Programming

4.7.1 Initializing the Interface Board

Before starting remote programming, initialize the interface board. The items to be set are as shown below.
For the setting procedure, refer to Section 3.5.1 "Configuration."

GPIB interface board (IB11)
* GPIB device address
* Power-on service request

RS-232C interface board (RS11)
* Data transmission rate
* Data bit length
* Stop bit length
* Parity bit

MCSB slave interface board (MC11S)
* MCB device address

4.7.2 Examples of Application Programs

This section introduces typical examples of program for remote programming, assuming that the controller
is an IBM personal computer PS2 with MC-GPIB (NI-488.2), the software is the Quick BASIC, and the
controlled devace is a PBX20-20. The addresses and response terminaters (delimiters) are assumed to be as
shown in the below table.

Address Response terminator
IBM PS2 0 CrLF
PBX20-20 1 CrLF

* Unless specified otherwise, the programming examples assume GPIB for the interface.
* PS2 is trademark of IBM Corporation, NI-488.2 is trademark of National Instruments Cor-
poration.
* Quick BASIC is trademark of Microsoft Corporation.
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[1] Example of program for voltage setting and monitor readback(for C.V mode)

" <KVSET/ VSET?etc>>
REM $INCLUDE: ' gbdecl. bas
devname$ = "DEV1”
CALL ibfind(devname$, pbx%)
CALL ibclr(pbx%)
wrt$ = "VSET 5V;0UT ON@”
CALL ibwrt(pbx%, wrt$)
wrt$ = "VSET?”
CALL ibwrt(pbx%, wrt$)
rd$ = SPACE$(20)
CALL ibrd(pbx%, rd$)
PRINT rd$
wrt$ = "ISET?”
CALL ibwrt(pbx%, wrt$)
rd$ = SPACES$(20)
CALL ibrd(pbx%, rd$)
PRINT rd$
FOR ¥ = 0 TO 1000: NEXT W
wrt$ = "VOUT?"
CALL ibwrt(pbx%, wrt$)
rd$ = SPACES(20)
CALL ibrd(pbx%, rd$)
PRINT rd$
FORL =1 TO 10
wrt$ = "I0UT?”
CALL ibwrt(pbx¥%, wrt$)
rd$ = SPACE$(20)
CALL ibrd(pbx%, rd$)
PRINT rd$
NEXT L
END

’

1

" Initialize PS2 with MC-GPIB

' Set the voltage. Set to OUTPUT

' Readback the set voltage

Readback the set current

Yait for voltége rise up

Readback the output voltage

" Readback the output current

[2] Example of program for protective functions

' (Protection>>
REN $INCLUDE: ' qgbdecl. bas’
devname$ = "DEV1™
CALL ibfind(devname$, pbx%)
CALL ibclr(pbx%)
wrt$ = "VLIMOVP 17
CALL ibwrt(pbx%, wrt$)
wrt$ = "PVLIMSET 20.QV;MVLIMSET -15.0V"
CALL ibwrt(pbx%, wrt$)
wrt$ = "PILIMSET 10. 0A;MILIMSET -5.0A"
CALL ibwrt(pbx%, wrt$)
wrt$ = "LIMACTN 1;LIMDLY 2.5S"
CALL ibwrt(pbx%, wrt$)
rd$ = SPACE$(20)
CALL ibrd(pbx%, rd$)
PRINT rd$
wrt$ = "PVLIMSET 7"
CALL ibwrt(pbx%, w#rt$)
rd$ = SPACE$(20)
CALL ibrd(pbx%, rd$)
PRINT rd$
wrt$ = "MVLIMSET 7"
CALL ibwrt(pbx%, wrt$)
rd$ = SPACE$(20)
CALL ibrd(pbx%, rd$)
PRINT rd$
wrt$ = "LIMDLY?"
CALL ibwrt(pbx%, wrt$)
rd$ = SPACE$(20)
CALL ibrd(pbx¥, rd$)
PRINT rd$
wrt$ = "HPVLIM ?7
CALL ibwrt(pbx%, wrt$)
rd$ = SPACE$(20)
CALL ibrd(pbx%, rd$)
PRINT rd$
wrt$ = "HPILIM 77
CALL ibwrt(pbx%, wrt$)
rd$ = SPACE$(20)
CALL ibrd(pbx%, rd$)
PRINT rd$

END

" Set the LIMIT value

' Set the protection actions

' Readback the set LIMIT value

' Readback the set LIMIT value

" Readback the LINIT delay time

’ Readback the hardware LINIT value

' Readback the hardware LINIT value

' Readback the hardware LIMIT value
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[3] Example of program for setting of fine adjust value

" <KFINE>>
REM $INCLUDE: ' gbdecl. bas’
DECLARE SUB wai ()
devname$ = "DEV1”
CALL ibfind(devname$, pbx%)
CALL ibclr(pbx%)
wrt$ = "VSET 1. 2E+1”
CALL ibwrt(pbx%, wrt$)
wrt$ = "OUT ON@”
CALL ibwrt(pbx%, wrt$)
CALL wai
wrt$ = "VOUT?"
CALL ibwrt(pbx%, wrt$)
rd$ = SPACE$(20)
CALL ibrd(pbx%, rd$)
PRINT rd$
wrt$ = "VFINE 100"
CALL ibwrt(pbx%, wrt$)
CALL wai
wrt$ = "VOUT?"
CALL ibwrt(pbx%, wrt$)
rd$ = SPACE$(20)
CALL ibrd(pbx%, rd$)
PRINT rd$
wrt$ = "VFINE -100"
CALL ibwrt(pbx%, wrt$)
CALL wai
wrt$ = "VOUT?"
CALL ibwrt(pbx¥, wrt$)
rd$ = SPACE$(20)
CALL ibrd(pbx¥, rd$)
PRINT rd$
wrt$ = "VFINE 0"
CALL ibwrt(pbx%, wrt$)
CALL wai
wrt$ = "VOUT?"
CALL ibwrt(pbx%, wrt$)
rd$ = SPACES(20)
CALL ibrd(pbx%, rd$)
PRINT rd$

END

' Readback the output voltage

" Set the voltage Fine value

Subroutine wai

SUB wai STATIC
FOR ¥ = 0 TO 10000: NEXT ¥
END SUB

[4] Example of program utilizing the memory function
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' <<MEMORY STO/RCL>>
REM $INCLUDE: 'gbdecl. bas
DECLARE SUB wai ()
devname$ = "DEV1”
CALL ibfind(devname$, pbx%)
CALL ibclr(pbx%)
wrt$ = "VSET 4. 75V;VFINE 50"
CALL ibwrt(pbx%, wrt$)
wrt$ = "MEMSTO 17
CALL ibwrt(pbx%, wrt$)
wrt$ = "VSET 5. 00V”
CALL ibwrt(pbx%. wrt$)
wrt$ = "MEMSTO 27
CALL ibwrt(pbx%, wrt$)
wrt$ = "VSET 5. 25V;VFINE -50"
CALL ibwrt(pbx%, wrt$)
wrt$ = "MEMSTO 3"
CALL ibwrt(pbx%, wrt$)
wrt$ = "OUT ON@"
CALL ibwrt(pbx¥, wrt$)
wrt$ = "MEM 17
CALL ibwrt(pbx¥, wrt$)
CALL wai
wrt$ = "MEM 27
CALL ibwrt(pbx%, wrt$)
CALL wai
wrt$ = "MEN 3"
CALL ibwrt(pbx%, wrt$)

END

’

" Store in memory A

" Store in memory B

' Store in memory C

" Recall out memory A

Recall out memory B

" Recall out memory C

Subroutine wai

1

SUB wai STATIC
FOR ¥ = 0 TO 10000: NEXT ¥
END SUB
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[5] Example of program for setting of registers, call out, and SRQ

" <CSRQ>>
REM $INCLUDE: ' gbdecl. bas’
DECLARE SUB wai ()
ON PEN GOSUB SRQ
devnane$ = "DEV1”
CALL ibfind(devname$, pbx%)
CALL ibclr(pbx%)
wrt$ = "VLIMOVP 1;PILIMSET 2.0"
CALL ibwrt(pbx%, wrt$)
wrt$ = "VSET 5. 0V;0UT ON@”
CALL ibwrt(pbx%, wrt$)
PEN ON
wrt$ = "UNMASK 1;FUNMASK 2~
CALL ibwrt(pbx%, wrt$)

LOP:

GOTO LOP

SRQ:
CALL ibrsp(pbx%, SPR%)
wrt$ = "UNMASK 07

CALL ibwrt(pbx%, wrt$)
wrt$ = "FAU?”

CALL ibwrt(pbx%, wrt$)
RD$ = SPACE$(20)

CALL ibrd(pbx%, RD$)
PRINT LEFT$(RD$, IBCNT%)
wrt$ = "OUT OFF”

CALL ibwrt(pbx%, wrt$)
END

" Originate SRQ as DLIM
" waiting for SRQ

" Interrupt for SRQ

" Inhibit recurrence of SRQ

Subroutine wai

FOR ¥ = 0 TO 10000: NEXT ¥
END SUB

[6] Example of program for MCB path address designation and simultaneous operation

" C<KHCB>>
REM $INCLUDE: ' A:gbdecl. bas’
devname$ = "DEV]”
CALL ibfind(devname$, pbx%)
CALL ibclr(pbx%)
wrt$ = "PATH 17
CALL ibwrt(pbx%, wrt$)
wrt$ = "VSET 0;0UT ON;TRIGVSET 5@"
CALL ibwrt(pbx%, wrt$)
wrt$ = "PATH 0"
CALL ibwrt(pbx%, wrt$)

wrt$ = "VSET 0;0UT ON;TRIGVSET 12@¢”

CALL ibwrt(pbx%, wrt$)
CALL ibtrg(pbx%)
FOR ¥ = 0 TO 5000 : NEXT ¥
wrt$ = "PATH 16"
CALL ibwrt(pbx%, wrt$)
wrt$ = "TRIGVSET 08"
CALL ibwrt(pbx¥, wrt$)
CALL ibtrg(pbx%)

END

" Specify path address 1

" Specify path address 2

' Set simultaneously for GET

" Set simultaneously for GET
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[71 Example of program for sequence operation 1 (CV operation, NV mode)

' ¢(SEQUENCE SAMPLE>>
REM $INCLUDE: ' gbdecl. bas
devname$ = "DEV1”
CALL ibfind(devname$, pbx%)
CALL ibclr(pbx¥)
'——— MODE -—--
wrt$ = "EXECUTE 0"
CALL ibwrt(pbx%, wrt$) " Release the execute mode
wrt$ = "NEWSEQ 1, 1"
CALL ibwrt(pbx%, wrt$) " Set NV mode, msec unit
'-— Sequence ---
wrt$ = "SEQUENCE 1,1.1,2, 16"
CALL ibwrt(pbx¥, wrt$) " Sequence No. 1
wrt$ = "SEQUENCE 2, 2,2, 3, 16"
CALL ibwrt(pbx%, wrt$) " Sequence No. 2
wrt$ = "SEQUENCE 3,3, 1,0, 16"
CALL ibwrt(pbx%, wrt$) " Sequence No.3
"—— Program 1 -—-
wrt$ = "PROGRAM 17
CALL ibwrt(pbx%, wrt$) ' Specify program No.1
wrt$ = "STEP 1,0,0.00V, 0,1,0, 50ms”
CALL ibwrt(pbx%, wrt$) ' Enter data for step No.1
wrt$ = "EO0S”
CALL ibwrt(pbx%, wrt$)
'-—— Program 2 -—-—-
wrt$ = "PROGRAM 2"
CALL ibwrt(pbx%, wrt$) * Specify program No. 2
wrt$ = "STEP 1,0,0.00V, 1,1,0, 10ms”
CALL ibwrt(pbx%, wrt$) ' Enter data for step No.1
wrt$ = "STEP ,1,15.00V, 0,1,0, 20ms”
CALL ibwrt(pbx%, wrt$) ' Enter data for step No.2
wrt$ = "STEP ,0, 15. 00V, 0,1,0, 30ms”
CALL ibwrt(pbx%, wrt$) " Enter data for step No.3
wrt$ = "STEP 0, 10.00V, 0,1, 0, 40os”
CALL ibwrt(pbx%, wrt$) ' Enter data for step No. 4
wrt$ = "STEP ,1,-10.00V,0, 1,0, 50ms™
CALL ibwrt(pbx%, wrt$) " Enter data for step No.b
wrt$ = "E0S”
CALL ibwrt(pbx%, wrt$)
'-— Program 3 -—
wrt$ = "PROGRAM 3”
CALL ibwrt(pbx%, wrt$) ' Specify program No. 3
wrt$ = "STEP 1,0.-10. 00V, 0, 1, 0, 30ms”
CALL ibwrt(pbx%, wrt$) ' Enter data for step No.1
wrt$ = "STEP ,1,10.00V, 0,1,0, 20ms”
CALL ibwrt(pbx%, wrt$) ' Enter data for step No.2
wrt$ = "STEP 0, 10.00V, 0,1,0, 30ms”
CALL ibwrt(pbx%, wrt$) ' Enter data for step No.3
wrt$ = "STEP ,0,-10.00V.0, 1, 0, 30ms”
CALL ibwrt(pbx%, wrt$) " Enter data for step No.4
wrt$ = "EOS”
CALL ibwrt(pbx%, wrt$)
"-— Program 16 ——
wrt$ = "PROGRAM 16"
CALL ibwrt(pbx%, wrt$) " Specify program No. 16
wrt$ = "STEP 1,0, 0.00V, 0,.0,0, 1ms”
CALL ibwrt(pbx%, wrt$) " Enter data for step No.1
wrt$ = "EOS”
CALL ibwrt(pbx%, wrt$)
'——- Vrite Comments -——
wrt$ = "TEXTIDX " + CHR$(34) + "SAMPLE" + CHR$(34)
CALL ibwrt(pbx%, wrt$)
wrt$ = "TEXTSEQ 1,” + CHR$(34) + "START" 1 CHR$(34)
CALL ibwrt(pbx%, wrt$)
wrt$ = "TEXTSEQ 2, + CHR$(34) + "MAIN" + CHR$(34)
CALL ibwrt(pbx%, wrt$)
wrt$ = "TEXTSEQ 3, + CHR$(34) + "END" + CHR$(34)
CALL ibwrt(pbx%, wrt$)
wrt$ = "TEXTPROG 1,7 + CHR$(34) + "START" + CHR$(34)
CALL ibwrt(pbx%, wrt$)
wrt$ = "TEXTPROG 2,” + CHR$(34) + "TEST1” + CHR$(34)
CALL ibwrt(pbx¥, wrt$)
wrt$ = "TEXTPROG 3," + CHR$(34) + "TEST2" + CHR$(34)
CALL ibwrt(pbx%, wrt$)
wrt$ = "TEXTPROG 16,” + CHR$(34) + "OUTOFF” + CHR$(34)
CALL ibwrt(pbx%, wrt$)
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"-— Save to EEPRON -—-
wrt$ = "FSAVE 0€"

CALL ibwrt(pbx%, wrt$) " Save data on EEPRON
' -—- Execute ---
wrt$ = "EXECUTE 18"
CALL ibwrt(pbx%, wrt$) ’ Permit execution
wrt$ = "RUN 1@”
CALL ibwrt(pbx%, wrt$) " Execute sequence No. 1

wrt$ = "RUNNIG?”
CALL ibwrt(pbx%, wrt$)
rd$ = SPACE$(20)
CALL ibrd(pbx%, rd$)
PRINT rd$

END

Check the sequence status

Chapter 4. REMOTE PROGRAMMING

[8] Example of program for sequence operation 2 (CV operation, FV mode)

' ¢<Fast Speed SEQUENCE SAMPLE (Sine wave)>>
REM $INCLUDE: ' gbdecl. bas’
devname$ = "DEV1”
CALL ibfind(devname$, pbx%)
CALL ibclr(pbx%)
VA = 20:VI = 3. 1415
'——— MODE —-
wrt$ = "EXECUTE 0"
CALL ibwrt(pbx%, wrt$) " Release the execute mode
wrt$ = "NEWSEQ 10”
CALL ibwrt(pbx%, wrt$) " Set FV mode
"——- Sequence ---
wrt$ = "SEQUENCE 1, 1, 100, 0, 0, 100US”
CALL ibwrt(pbx%, wrt$)
--— Program -—-
wrt$ = "PROGRAM 17
CALL ibwrt(pbx%, wrt$)
FOR 1 =0 TO 1023
V = VA%( SIN( 2%PIx1/1023 ) )
wrt$ = "STEP"+STR$(I+1)+", "+STR$(V)+", 0"
CALL ibwrt(pbx%, wrt$)
PRINT wrt$ " Echo print
NEXT 1
wrt$ = "E0S”
CALL ibwrt(pbx%, wrt$)
'—— OUTPUT —-
wrt$ = "OUT 16"
CALL ibwrt(pbx%, wrt$)

’

’—- Execute —-
wrt$ = "EXECUTE 17
CALL ibwrt(pbx%, wrt$) " Permit execution
wrt$ = "RUN 1”
CALL ibwrt(pbx%, wrt$) " Start executing the sequence No. 1

END
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4.8 Table of Command Headers

A table of command headers is shown below. The index numbers shown in the table conform with those
used in Section 4.3.2 "Structures of Commands."

Header Name  Index No. Header Name Index No. Header Name  Index No.
AMPLSET (5] LLO (9], [10] SETRCL (3]
CLR (8] MCBACTN (4] SETSTO (3]
CTRLZ (10] MEASHODE (5] SILENT (10]
EOS (7] NEM (3] STB (11]
ERR (11] MEMSTO (3] STEP (6]
EXECUTE (7] MILIMSET (4] STOP (7]
FAU [11] Wb [11] STS [11]
FLOAD (n MVLINSET (4] TERM (11]
FSAVE N NEWSEQ (6] TEXTIDX (7]
FUNMASK (11] 0UT (1] TEXTPROG [7]
HEAD [11] PATH (9] TEXTSEQ (7]
HMILIK (4] PAUSE (7] TRG (2]
HMVLIM 4] PILIMSET (4] TRIGISET (2]
HPILIM (4] PORT (8] TRIGSTOP (2]
HPVLIM (4] PO¥ (8] TRIGVSET (2]
IDN (11] PROGRAK (7] TRTF (1]
IFINE (1] ’ PVLIMSET (4] UNMASK [11]
THAX (5] RESET (4] VFINE (1]
IMIN (5] ROOTPATH (9] VLIMOVP (4]
100T (1] RN . (7] VHAX (5]
ISET (1] RUNNING (7] VMIN (5]
LIMACTN (4] SEQMODE (7] VOUT (1]
LIMDLY (4] SEQUENCE (6] VSET (1]
SETINI (3] FAIT (8]
<Xorr> [10]
<Xon> (10]
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Chapter 5
PANEL DESCRIPTION

This chapter describes the functions of the switches, keys, indicators, and
other panel items on the front and rear panels of the power supply.
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5.1 Front Panel

g Mode indicator
Handl t)OUTPUT ) Izl Protection key
[ Tkey Amplitude setting key

CONTRAST control .
. JOG/SHUTTLE dials
7 | Numeric keys and
IE' LCD . function keys 12| Voltage and current
| setting key

-—CC

-

i & PROTECT AMPL sn
VR
= l Q

! e

e RN  eoim PAUSE sT0P

Arrow keys
POWER switch . 1 AUX OUT
! Alr intake terminals Handle (right)
STATUS indicators Sequence keys Memory keys Front sub-panel

An example of Front Panel of PBX40-2.5

POWER switch
Turns ON/OFF the AC input power of the power supply.

For approximately 2 seconds after the POWER switch is turned ON, the power supply performs self test.
During this power-on test period, other functions of the power supply are suppressed.

STATUS indicators

Indicate the statuses of the power supply.

C.vV [lluminates to indicate that the power supply is in the constant-voltage mode.

C.C Illuminates to indicate that the power supply is in the constant-current mode.

LIMIT Illuminates to indicate that one of the protectors (xV limiter, +I limiter, power limiter, and
OHP) has tripped.

CROWBAR SW ON

Of a power supply which is incorporated with the crowbar option, this indicator illuminates
to indicate that the OVP setting is [OV Crowbar ON].

Handle (left)

[4] [OUTPUT] key

Each time as you press this key, the output is turned ON/OFF. When the output is ON, the LED illuminates.
When the output is OFF, the output circuit exhibits a high impedance (several 1 kQ).

CONTRAST control
Adjusts contrast of the LCD display.



Chapter 5. PANEL DESCRIPTION

[6] LCD

A liquid crystal display which shows voltage and current settings, parameters, menus, messages, and other
information and data.

Numeric keys and function keys

These keys are used to enter numeric data and to select menu items and functions.

[ESC] To cancel the currently proceeding procedure and return to the preceding menu.

[CLR] To clear the typed value.

[BS] To clear only one letter that was typed latest.

[0]-19] To type a numeric value or to select a menu item.

[.] To type a decimal point.

[SHIFT] To be pressed to select the function marked with blue letters below a key. The <SHIFT>
LED will illuminate when the shift is effected.

[ENTER] To enter the typed value.

Table of blue-letter functions
RESET ([SHIFT]+[ESC])

To reset from the error status or alarm status.
IBST ([SHIFT]+[CLR])

To display the GPIB status.
LOCAL ([SHIFT]+[BS])

To return to the LOCAL mode from the interfaced remote mode
Tr Tf ([SHIFT]+[8])

To select rise/fall time for C.V or C.C mode. (Available only when in the C.V Fast mode
or C.C dynamic mode.)

SETUP ([SHIFT]+[7])
To display a setup file menu.
RESOLN ([SHIFT]+[6])
To set a click resolution for [SET] (setting with JOG dial or [A] [V¥] keys).

If selected when in C.V mode, the voltage [SET] resolution can be set; if selected when
in C.C mode, the current [SET] resolution can be set. The range of resolution is from
0.001 to about one-half of the rated voltage or current.

MEM STORE ([SHIFT]+[3])

To store the currently existing setup data (the voltage when in the C.V mode or the
current when in the C.C mode) in memory area [A], [B], [C], or [D]. When modes are
changed between C.V and C.C, the default value is assumed.

Example: [SHIFT]+[3] MEM STORE +[A] keys are to store data in memory A.
KEYLOCK ([SHIFT]+[1])

To lock the keys on the front panel. The locked keys can be released by pressing the
[SHIFT]+[1] KEYLOCK keys again.

CONFIG ([SHIFT]+[0])

To call out the configuration menu for setting the conditions the power supply should
assume when its POWER switch is turned on.
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Mode inindicator

[lluminates to indicate that the power supply is in the Fast C.V mode or Dynamic C.C mode.

El Protection key

[PROTECT] To set the software =V limit or software =+I limit, or to select the actions to be taken when
one of these limiters has tripped. Also to check the set limit value of the hardware +V
limiter or hardware +I limiter.

AUTO ([SHIFT]+[PROTECT])

For automatic setting of software +V limit or software I limit. The percentages are
selectable on the configuration menu.

Amplitude setting key

[AMPL] To set the amplitude value with reference to an external signal applied via the BNC
terminal on the front sub-panel. The value can be set with the numeric keys or JOG/
SHUTTLE dials.

JOG/SHUTTLE dials

To change numeric values or to scroll menus.

Voltage and current setting key

[SET] To enable setting of the output (voltage when in the C.V mode or current when in the
C.C mode). The value for the output can be set with the numeric keys, JOG/SHUTTLE
dials, or [A][V] keys.

FINE ([SHIFT]+[SET])

To enable fine setting of the output (voltage when in the C.V mode or current when in
the C.C mode). The fine value for the output can be set with the JOG/SHUTTLE dials.

Handle (right)

Front sub-panel

Accommodates the following controls and connectors:
PROTECT
+V LIMIT Potentiometer for hardware +V limit
-V LIMIT Potentiometer for hardware -V limit
+I LIMIT Potentiometer for hardware +I limit
-ILIMIT  Potentiometer for hardware -I limit

TRIG I/O Terminal for trigger signal input/output
EXT SIG IN Terminal of external signal input for analog remote control
1 Terminal to hook up the dedicated-type remote controller (optional)

* Before connecting wires to or disconnecting wires from the terminals, be certain
that the AC input power of the power supply is OFF.
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AUX OUT terminals

The rated output current of the power supply is the sum of the current that is delivered through these output
terminals plus that delivered through the output terminals on the rear panel.

e The performance specifications is not applicable to these auxiliary output
terminals on the front panel.

Memory keys

[MEMORY] The voltage setting or current setting value can be recalled from the memory with the
[A], [B], [C] or [D] key or with the JOG dial and [ENTER] key. When in the
memory recall mode, the LED illuminates.

Arrow keys

To increment/decrement a numerical value or to scroll a menu.

Air intake

To intake cooling air.

e Periodically clean the air filter.

* Pay attention so that the air intake is not blocked.

Sequence keys

To edit sequence files and to control sequence actions.

[SEQ] Selects the sequence mode. The LED illuminates to indicate the sequence mode.
[RUN] Executes the selected sequence file.

[EDIT] To edit the sequence file.

[PAUSE] To pause the sequence file being executed or to resume the paused sequence.
[STOP] To stop the sequence that is being executed or has been paused.
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5.2 Rear Panel
Board slot

Analog remote control terminal
Mode select terminals

INPUT

Rcmptc sensing OUTPUT terminals terminals
OU

‘ terminals

A WARNING

ISCONNECT AC LINE BEFORE REMOVING THE AC POWER CABLE.

A CAUTION
#70 AvoID ELECTRIC sHOCK, TH R CABLE PROTECTIVE
on WUST B8 cwnscv:n To crouwo,
2 SECURELY CONNECT THE AC PowE TERMINAL.
FEMOVE. COVERS, REFER SERVICIG TO GUALIFIED PERSONNEL.

it

ki)

. Product
Air outlet Nr(()) ue

El Instrument weight AC input ratings

Note: Items , , , and | 7| are as they appear when their covers are removed.
An example of Front Panel of PBX40-2.5

Cooling fan

Board slot

Analog remote control terminals

Mode select terminals OUTPUT terminals INPUT

Remote sensing terminals
termlnals

A WARNING

' DISCONNECT AC LIN

A CAUTION
eLecTRIC SHoCK

hmmn T T
”"""j S

wd o . i ARl | J N _.J
INPUT
AC100V e =
50/60Hz 3
MAX 1300VA

Product -

No.
Izl Instrument weight AC input ratings

Note: Items , , , and | 7] are as they appear when their covers are removed.
An example of Front Panel of PBX40-10

Air outlet

Board slot
The board slot is to install one of the following three types of optional interface boards:
» IB11 (GPIB interface board)

e RS11 (RS-232C interface board)
e« MC11S (MCB interface board)

* Before inserting/removing an interface board or connecting/disconnecting the
cables, be certain that the AC input power of the supply has been turned OFF.
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Analog remote control terminals

These terminals are for the analog remote control signals and monitor signals as follows:
»  Voltage signal for output voltage control
» Resistance signal for output voltage control
e Voltage signal for Output current control
» Resistance signal for output current control
e Signal for output ON/OFFcontrol
o Signal for shut down of POWER switch
*  C.V monitor signal
e C.C monitor signal

e Other output signals

* Before connecting/disconnecting the connectors or cables, be certain that the
POWER switch has been turned OFF.

* Be certain that the terminal cover has been put on. Do not operate the power
supply with the terminal cover removed.

Mode select terminals

To select an operation mode of the power supply by changing connection of the short piece.

e Before changing connections of the short piece, be certain that the POWER
switch has been turned OFF'.

* Be certain that the terminal cover has been put on. Do not operate the power
supply with the terminal cover removed.

El Remote sensing terminals

To connect the remote sensing wires. The remote sensing is to compensate for voltage drops that are caused
by the load-connection wiring resistances and contact resistances.

* Be sure to securely connect the sensing wires. Note that, if the sensing circuit is
open, an abnormal voltage may develop and the power supply and its load may be
damaged.

* Be certain that the terminal cover has been put on. Do not operate the power
supply with the terminal cover removed.

OUTPUT terminals

These terminals deliver the output of the power supply. Normally, connect the OUT or COM terminal to the
chassis ground by using the short piece that accompanies the power supply. Note that, if none of them is
grounded, the performance of the power supply may not meet the performance specifications.

( WARNINGS )

* Be certain that the terminal cover has been put on. Do not operate the power
supply with its terminal cover removed.

[6] Product No.

Indicates the serial number of the power supply.
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INPUT terminals

The terminals of the AC input power circuit of the power supply.

L Live
N Neutral
GND Ground
FILTER GND |Noise filter ground

( WARNINGS )

e In order to prevent electric shock hazards, be sure to ground the GND terminal of
the power supply by connecting to it the GND wire (green) of the AC input power
cable which accompanies the power supply.

 Unless the power supply is grounded, electric shock hazards can result. Make it
double sure that the power supply is securely grounded.

Do not touch the AC power input terminals.

e The task of connecting the AC input power cable to the power supply and to a
power distribution panel involves danger. The task must be undertaken only by
qualified electronics personnel.

* Be certain that the terminal cover has been put on. Do not operate the power
supply with its terminal cover removed.

AC input ratings
[9] Instrument weight
Air outlet

This is the cooling air outlet of the power supply. Note that hot exhaust air (room temperature + up to
approximately 40°C) comes out of the outlet.

Do not touch the air outlet. Do not block the hot air that comes out of the outlet.

e The exhaust air temperature may become high (room temperature + up to ap-
proximately 40 °C) depending on the load. Do not put behind the power supply
any objects which are not heat resistant.

Cooling fan
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Chapter 6.
MAINTENANCE AND CALIBRATION

This chapter describes the maintenance, inspection, and calibration mcthods
of the power supply.
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6.1 Maintenance and Inspection

It is most recommendable to render inspection, maintenance and calibration service for the power supply at
certain scheduled intervals.

( WARNINGS ) ° Before start servicing the power supply, be sure to disconnect its AC input power
cable from its power source (AC line outlet or distribution pancl).

[A] Cleaning the front panel and dust filter

(a) Cleaning the front panel
To clean the front panel, wipe it lightly with a soft cloth moistened with thin neutral soapsuds.

« Do not use benzine, thinner, or other detergent. Detergent may cause discoloration
of the panel surface, erasure of printed characters and marks, and clouding of the
display screen.

(b) Cleaning the dust filter
If the filter is clogged with dust, the cooling efficiency will be degraded and troubles may result
or the life of the power supply may be shortened. It is most recommendable to clean the filter at
certain scheduled intervals. To take out the filter to clean it, remove the louver as shown below.

B Removing the louver

Push down the three nails.

M Installing the louver

Put back the louver by mating its top protrusions into the indents of the power supply, and fix the louver
by pushing up the three nails.
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[B] Inspecting the AC input power cable
Inspect the AC input power cable for any signs of abnormality. Check that its sheath is not damaged,
and that its plug is not cracked and has no loose screws.

[C] Order for overhaul
Certain internal components (such as electrolytic capacitors and cooling fan motor) of the power sup-
ply are wearable components and should be replaced when a certain period has elapsed. The period
typically is 10,000 running hours, although it differs depending on the conditions of use of the power
supply. You are recommended to order, when such period has elapsed, your Kikusui agent for over-
haul of your power supply.

(WARNINGS ) ° Before cleaning or moving the power supply, be certain that its AC input power
cable has been disconnected from its power source (AC line outlet or distribution
panel).

* Never open the casing of the power supply.
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6.2 Calibration

The power supply is calibrated before shipment by the vendor warranting that it meets its performance
specifications. Later, however, due to changes in environments and due to aging by a long run of use, the
power supply may become unable to meet the specified setting accuracies of the output voltage, output
current, V limit values, and I limit values. When this is the case, calibrate the power supply following the
instructions given in this section.

6.2.1 Preparation

Before start calibrating the power supply, allow a stabilization period (warm up period with power switch
ON) of 20 minutes or more. This will eliminate the calibration errors that could be caused by initial drifts.

Before start calibrating the power supply, turn the £V limit and =1 limit potentiometers on the front sub-
panel to their full clockwise positions. Return them to the required positions after the calibration is over.

6.2.2 Calibration Instruments
To calibrate the power supply, you need the following instruments:
* DC voltmeter (DVM), accuracy 0.02% or better
+ Shunt resistor, accuracy 0.1% or better
6.2.3 Calibration Setups
The calibration setups differ between voltage calibration and current calibration as shown below.

(a) Voltage calibration

0uT1 DC voltmeter

PBX COM (DVM)

SENSING

(b) Current calibration
The current can be known by measuring the voltage drop developed across the shunt resistor.

ouT
PBX E L
COMShunt resistor]

' L DCvoltmeter

(DVM)

* For the calibration setup wiring, use wires of sufficiently large current ratings.
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6.2.4 Calibration Procedures
This section describes the calibration procedures, taking the PBX40-10 as an example.

* When calibrating your power supply, observe strictly the instructions given below.
If you do not, your power supply may not meet the performance specifications.

[A] Voltage Calibration
The items which are subject to voltage calibration are as follows:

+ Offset voltages

+ Full scale voltages ("+" and "-")

- Software %V limit offset voltages

- Software 'V limit full-scale voltages
- Hardware £V limit offset voltages

- Hardware £V limit full-scale voltages
+ RMS display offset

+ RMS display full-scale

Calibration of £V limit values and RMS values are automatically done by using the calibration values
of offset voltages and full-scale voltages. Thus, calibration of offset voltages and that of full-scale
voltage only are needed for voltage calibration. For offset voltage calibration, adjust so that the output
voltage becomes 0.000V. For full-scale voltage calibration, enter the readback value of the actual
output voltage with the numeric keys.

Bl Example of voltage calibration

@ Press the [SHIFT] + [0] CONFIG keys and [9] key in this order to sclect [calibration].

>9: Calibration * Enter a calibration ID code of 4 digits with the nume-
ID Code ? 4010 ric keys.
* For the calibration ID codcs, refer to Appendix 6
"ID Codes for Calibration."

v

>1: Voltage * The display indicates the calibration mode.
2: Current * Check the connections when in this state.

@ Pressthe [1] key to select the voltage calibration mode.

Start Calibration
Ready 2

6-5
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(® After checking the connections, press the [ENTER] key to start voltage calibration. With the JOG
dial, adjust the DVM reading to OV (zero volts) as accurately as possible.

Adjust to 0OV
Ready 2%

* The output voltage is OV.

@) Press the [ENTER] key to terminate the offset voltage calibration.

Next, calibrate the full scale voltage.

Reading Voltage %
\Y%

* The output voltage is approximately 100% of the rated
output voltage.

® For "+" full-scale voltage calibration, enter the DVM reading with the numeric keys, For example, press
the [3] , [9), [.], [6], [9], [2] and [ENTER] keys in this order.

Reading Voltage 2
39.692V

® For "-" full-scale voltage calibration, enter the DVM reading with the numeric keys, For example,
press the [3] , [9] , [.] , [7], [8] , [9] and [ENTER] keys in this order.

Reading Voltage 2
-39.789V

v

RMS Calibrating

v

V Limit Calibrating

W At about 2 seconds later

Save Data
Sure ?

* The [-] sign does no require key-entry.

* Automatic execution of RMS display calibration

* Automatic execution of software and hardware =V
limit calibration

* The voltage calibration is over. The calibration val-
ues will be stored onto the non-volatile memory.

* The calibration values will not be stored if you press
the [ESC] key.

(@ Press the [ENTER] key to store the calibration values.

>1: Voltage
2: Current

6-6
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[B] Current Calibration
The items which are subject to current calibration are as follows:

- Offset current

+ Full scale currents ("+" and "-")

- Software =*1I limit offset currents

- Software I limit full-scale currents
- Hardware =1 limit offset currents

- Hardware =1 limit full-scale currents

Calibration of %I limit values are automatically done by using the calibration values of offset currents
and full-scale currents. Thus, calibration of offset currents and that of full-scale currents only are
needed for current calibration.

For offset current calibration, adjust so that the output current becomes 0.000A. For full-scale current
calibration, enter the readback value (value converted by calculation) of the actual output current with
the numeric keys.

B Example of current calibration

@ Press the [SHIFT] + [0] CONFIG keys and [9] key in this order to select [calibration].

>9: Calibration * Enter a calibration ID code of 4 digits with the nu-
ID Code 2 4010 meric keys.
* For the ID codes, refer to Appendix 6 [ID Codes for
Calibration.]
v
>1: Voltage + If you are going to do a current calibration follow-
2: Current ing a voltag calibration, start it with this state.
* Check the connections when in this state.

@ Press the [2] key to sclect the current calibration mode.

Start Calibration
Ready ?

(® After checking the connections, press the [ENTER] key to start current calibration. With the JOG
dial, adjust the DVM reading to OA (zero amperes) as accurately as possible.

Adjust to 0A * The output current is OA.
Ready 2
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@ Press the [ENTER] key to terminate the offset current calibration.

Next, calibrate the full scale current.

Reading Current 2
A

+ The output current is approximately 100% of the rated
output current.

(® Wait until the voltage detected by the shunt resistor is stabilized.
Then, enter the actual output current value (value converted by calculation from the DVM reading) with
the numeric keys. For example, pressthe [9] , [.], [8] , [6] , [3] and [ENTER] keys in this

order.

Reading Current 9

9.863A

* Conversion formula
Rated curren of
shunt resistor
Rated voltage drop
across shunt resistor

Actual current = DVM reading X

® Enter the actual output current value (value converted by calculation from the DVM reading) with the
numeric keys. For example, press the [9] , [.] , [7] , [8] , [9] and [ENTER] keys in this

order.

Reading Current 9
- 9.789A

v

I Limit Calibrating

W At about 2 seconds later

Save Data
Sure 9

+ The [—] sign does no require key-entry.

* Automatic execution of software =I limit calibra-
tion

+ The current calibration is over. The calibration val-
ues will be stored onto the non-volatile memory.

* The calibration values will not be stored if you press
the [ESC] key.

(@ Press the [ENTER] kev to store the calibration values.

>2: Current
1: Voltage

Press the [ESC] key twice.

ouT 0.001v - 0.01A

6-8
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7.1 Electrical Specifications

Caution * Unless specified otherwise, the following conditions after warm-up for 30 minutes are assumed for the specifications:

1) The loads are purely resistive.

2) The remote sensing function is not employed.

3) The COM output terminal is connected to the chassis ground terminal by using the short piece that
accompanies the power supply.

* Polarity definitions for output voltage or current "+ " (positive) and. " — " (negative) are as follows:

1) For voltage: "+ " if the potential of the OUT terminal is higher than that of COM terminal, or "—" if
the potential of the OUT terminal is lower than that of the COM terminal.

2) For current: "+ " if the current flows out of the OUT terminal, or "— " if it flows into the OUT
terminal.

* The "rated load state" is such that the rated output current is flowing when the output voltage is at the
rated voltage, or that the rated output voltage is developed when the output current is at the rated
current.

* The "rated load" is a load that is connected to the power supply when it is in the rated load state.

* The "typ" values (typical values) are only for information. They are not included in the warranted elec-
trical performance specifications of the power supply.

* The AUX OUT terminals do not meet the warranted electrical performance specifications of the power

supply.
Item PBX20-5 | PBX20-10 | PBX20-20 | PBX40-2.5| PBX40-5 | PBX40-10 Unit
110, 120, 200, 220, 240V are factory-
g Voltage and frequency AC100V £10%, 50/60Hz,1 § . (m odification options.) ry
o§| Input current (at 100V, with rated
55 Joad state) 3 6 10 3 5 9
“*| Inrush current *] 13
Voltage Setting range 0 - +20.00 0 - +40.00
setting Resolution 1 mV
g" O“I‘P‘" Output accuracy  *2 +20 40 mV
.5 | voliage Temperature
3 coefficient *3 100 ppm/T
2| Curent | Setting range 0- 4500 |0- £10.00|0- £20.00| 0- £2.50 | 0- +5.00 [0- £10.00| A
i
S | setting Resolution 1 mA
Output Output accuracy *2| 20 +30 +60 +10 +20 +30 mA
current Temperature
coefficient *3 100 ppm/T
Display
Voliage 'z;ccuracy *4 0.07% +5 0.07% + 10 mV typ.
emperature
DC coefficient 100 ppm/ T typ.
Display
Current ;wumcy *4 0.3% + 20 mA typ.
> emperature
o o soeient *5 150 ppm/T typ.
B oltage display
Q PEAK accuracy *6 +0.2 04 V typ.
Current display
accuracy *6| 02 +03 +04 +0.2 +02 +0.3 Atyp.
Voltage display
RMS accuracy *7 +02 +04 V typ.
Current display ;| 402 +0.3 +0.4 +0.2 +0.2 +03 | Atyp.
accuracy

*1: Inrush current = (Input voltage X\/E ) + 12 (Inrush current: The transient current that the power supply draws from the
AC line within 2 seconds after its AC input power switch is turned on) AC line voltage = 110V

*2: Accuracy of the output voltage with respect to the setting, at a temperatures within £5T (£9°F) of that when at
calibration, excluding the measuring errors when at calibration and when at evaluation

*3: Rate of change of absolute value of output .
*4: Accuracy of the displayed value with respect to the output, at a temperatures within £5T (£9°F) of that when at

calibration, expressed in terms of % [((J(}% of displayed absolute value) + []]
*5: Rate of change of absolute value of output display
*6: Accuracy of display when peaks of pulse width 1ms are detected at 500ms intervals

7.9 *7: Accuracy of display when DC output is measured in terms of RMS
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Item PBX20-5 | PBX20-10 | PBX20-20 | PBX40-2.5] PBX40-5 | PBX40-10 Unit
RMS *8 1 mV(RMS)
Ripple
P-P *9 10 mV(P-P)typ.
L3
°
g | Load effect *10 0.005% + 1 mV
£ | Line effect *11 0.005% + 1 mv
S
~ Rise up *12 30 ms typ.
Fall down *13 30 ms typ.
RSS *8 2 mV(RMS)
Ripple
g P-P *9 10 mV(P-P)typ.
=
§ Load effect *10 0.005% + 1 mV
g Line effect *11 0.005% + 1 mV
g 50us 50 48 typ.
E Riseup *12 500us 500 LS typ.
Sms 5 ms typ.
SO0us 50 2 styp.
Fall down *13 500us 500 25 typ.
5ms 5 ms typ.
Frequency response | Through  *14 30 kHz typ.

* 8: 5SHz to 1IMHz, (at output terminals)

* 9: DC to 20MHz, (at output terminals)

*10: Against 0 to 100% change of output current, at remote sensing terminals, expressed in terms of 3 [((J[]% of absolute
value of setting) + [1]

*11: Against & 10% change of AC input voltage, at remote sensing terminals, expressed in terms of £ [((J(]% of absolute
value of setting) + [ﬁ]

*12: Period the output voltage takes to rise up from 10% to 90% of the rated value when the output voltage setting is changed
from zero to the rated value

*13: Period the output voltage takes to fall down from 90% to 10% of the rated value when the output voltage setting is
changed from the rated value to zero

*14: Frequency at which the ratio of the output voltage amplitude with respect to the input control signal voltage amplitude
becomes -3dB(at 100Hz, with reference to the point at which the peak output voltage becomes the rated output voltage,
with rated load)
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Item PBX20-5 | PBX20-10 | PBX20-20 | PBX40-2.5| PBX40-5 | PBX40-10 Unit
Ripple *15 2 4 1 2 3 mA(RMS)
3 Load effect *16 0.01% + 1 0.01% + 2 0.01% + 1 mA
% Line effect *17 0.01% + 1 0.01% +2 0.01% + 1 mA
§ Rise up *18 50 ms typ.
Fall down *19 50 ms typ.
g Ripple *20 2 3 1 2 3 mA(RMS)
3
i Load effect *16 0.01% + 1 0.01% + 2 0.01% + 1 mA
. Line effect *17 0.01% + 1 0.01% +2 0.01% + 1 mA
~ -§ 100us 100 £ Styp.
S Riseup *18 5004 s 500 # S typ.
Qg‘ Sms 5 ms typ.
100us 100 M Styp.
Falldown ol 50045 500 45 yp.
Sms 5 ms typ.
Frequency response | Through *21 10 5 kHz typ.

74

*15: 5Hz to 1MHz, (with the output voltage at rated voltage)

*16: Against output voltage change from 10% to 100% of the rated value, expressed in terms of £ [((}(]]% of absolute value
of setting) + [1]
*17: Against +10% change of AC input voltage, expressed in terms of £ [((J[J% of absolute value of setting) + 1], with

the output voltage at 10% to 100% of the rated value

*18: Period the output current takes to rise up from 10% to 90% of the rated value when the output current setting is changed
from zero to the rated value, with the rated load
*19: Period the output current takes to fall down from 90% to 10% of the rated value when the output current setting is
changed from the rated value to zero, with the rated load

*20: 5Hz to IMHz, with output voltage at 10% to 100% of the rated value
*21: Frequency at which the ratio of the output current amplitude with respect to the input control signal voltage amplitude
becomes -3dB(at 100Hz, with reference to the point at which the peak output current becomes the rated output current,
with rated load)
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Item PBX20-5 | PBX20-10 | PBX20-20 | PBX40-2.5| PBX40-5 | PBX40-10 Unit
Setting +V limit 20-220 40-440 A%
| g ~V limit ~20--220 ~4.0 - —44.0 v
=\ 3
;E S | Trip accuracy *22 +0.2 +04 V typ.
S|
< Temperature
4 coefficient *23 +200 ppm/C typ.
E Effective +V limit 3.0-220 6.0 - 44.0 v
o |, |setting
| g |mnees *24 1 -V limit -3.0--22.0 —6.0- —44.0 v
G
> E Trip accuracy %22 +02 +0.4 V typ.
Temperature
coefficient *23 +300 ppm/ T typ.
.:-‘E Setting +Ilimit | 05-55 1.0-110 | 2.0-220 05-2.8 05-55 10-11.0 |A
gl _ § ranges “Ilimit |~05--55 |-1.0-—11.0/~2.0- —22.0{-0.5- 2.8 [-0.5- =55 |-1.0- —11.0] A
Q| .=
> & R
§ E & | Trip accuracy *22| %02 +0.3 +0.6 +0.2 +02 +03 |Atyp.
=
1l w Temperature
A _E_{ coefficient *23 £400 ppm/T typ.
:_.E Effective +1 limit 08-5.5 1.5-11.0 | 30.-22.0 08-2.8 0.8-55 15-11.0 A
] setting
g '§ ranges  *24 | -] limit |-0.8--55 |-15--11.0{~3.0--22.0/-08--28 |-08--55 [-15--11.0/ A
&}
g | Trip accuracy *22| 402 403 106 +02 +02 +03 |Atyp.
=
Temperature *
coefficient 3 500 ppm/T typ.
Setting +0VP 2.0 to 22.0 or approx. 24.0 4.0 to 44.0 or approx. 48.0 v
*
OvP ranges 25 —OVP ~2.0 to —22.0 or approx. —24.0 —4.0to —44.0 or approx. ~48.0 |V
Trip accuracy *26 +04 +0.8 V typ.
Limit| Setting ranges 0.05 10 9.99 (in 0.01-steps) S
delay
time | Trip accuracy *22 +0.1 S typ.
*22: Accuracy of actual trip point of the limiter with respect to the set trip point, at a temperatures withint5T (£9°F) of
that when at calibration, excluding the measuring errors when at calibration or when at evaluation
*23: Rate of change of the actual trip point value of the limiter with respect to the absolute value
*24: Among the operable ranges, the ranges which guarantee the performance specifications
*25: When the voltage limiters are selected for protection, the OVP trips at approximately +:24.0 (£:48.0). When the OVP
is selected for protection, the OVP trips at the set limit voltage.
*26: Accuracy of actual trip point of the protector with respect to the set trip point (2.0 to £22.0, or £4.0 to +44.0), at

a temperatures within £5C (£9°F) of that when at calibration, excluding the measuring errors when at calibration or
when at evaluation
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Item PBX20-5 | PBX20-10 | PBX20-20 { PBX40-2.5| PBX40-5 | PBX40-10 Unit
Voltage 5-6V/10mA
Input
;60 Pulse width =100ms
a0
& Output impedance apprpx. 15k Q
Output
Pulse apprpx. 2.5V/10 u s
. > .
Insulatin Input to chassis = 30MQ, with 500V DC
SIS Output to chassis = 20M Q, with 500V DC
é withstand-| Input to chassis 1500V AC, for 60 sec.
g | e
§ voltages | Input to chassis 1500V AC, for 60 sec.
& | Operable temperature 0-40 T
LD
E Operable humidity *27 30-80 %o
Storage temperature —20-70 T
Storage humidity *27 20 - 80 %

7-6

*27: There shall be no condensation
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* PBX20-10
- PBX20-20
- PBX40-5

* PBX40-10

* PBX20-5
- PBX40-2.5

Approx. 30kg
Approx. 37kg
Approx. 30kg
Approx. 37kg

Approx. 22kg
Approx. 22kg

[UNIT:mm]
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7.3 Accessories

» AC input power cable (1)

=

» Terminals for analog
remote control (20)

¢ Seals (2 sheets)

7-8

* Operation manual (1 copy)
» Sequence operation guidebook (1 copy)

* Hood cover (1 set)
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7.4 Optional Items

Exclusive Remote Controller

RC02-PBX
Interface Boards
IB11 RS11 MCI11S
(GPIB) (RS-232C) (MCB: Multichannel bus)
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Rack Mount Brackets

KRB3
(for EIA racks)

149

KRB150
(for JIS racks)

[UNIT:mm]
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APPENDICES

The appendices on the following pages provide an error message table, a trou-
bleshooting chart, a table of factory-defaults, a menu configuration chart,
scquence coding sheets, and a table of ID codes for calibration.
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Appendix 1. Table of Error Messages

Error Message

Causes and Remedies

CC CAL Data Error. Error in CC calibration data. Repeat calibration. If the same error persists,
order your Kikusui agent for repair.

CONF Data Error. Error in configuration data. Correct the configuration data.

CONEF Data is broken. Configuration data stored on the internal non-volatile memory is broken.
Repeat configuration settings.

CV CAL Data Error. Error in CV calibration data . Repeat calibration. If the same error persists,

order you Kikusui agent for repair.

Can't Cal. Limit.
Can't Cal. V Limit.
Can't Cal. I Limit.

Calibration is unsuccessful. Check the wiring and load impedance.

Can't Cal. RMS.

Can't Change L/R. When the output is ON, you cannot change the modes between Remote
and Local.

Can't Change Tr T1. When the output is ON, you cannot change Tr Tf.

Can't Delete. You cannot delete sequence file [#0].

Can't Edit. The steps required for editing a new program have not been secured.

Can't Recall SETUP You cannot recall a setup file of a mode different from the currently run-
ning mode.

Can't Run. You cannot run a sequence which has not been edited yet.

Data Clip. The sequence data is greater than the rated output value and the amount of
excess is clipped.

Different Meas Mod. The meter function is invalid. For example, measurement of hardware

limit value is attempted when the power supply is in the peak value meas-
urement mode.

Does not Exist.

You have attempted to set a crowbar function while your power supply is
not incorporated with the crowbar circuit.

A-2




APPENDICES

Error Message

Causes and Remedies

EEP Data is broken. Data stored on EEP ROM has been broken. (The EEP ROM stores de-
fault values.) It must be set again.

EEP ROM W Error. Access to EEP ROM is unsuccessful.

EEP ROM R Error. Order your Kikusui agent for repair.

ERROR Limit The voltage or current limiter has tripped when at power-on.
Order your Kikusui agent for repair.

ERROR OHP The overheat protector has tripped when at power-on. Cool off the power
supply and then re-start it.

ERROR OVP The overvoltage protector has tripped when at power-on.

Order your Kikusui agent for repair.

Framing Error.

A framing error has occurred. Check the settings.

I/F Argument Error. An argument of the interface program is incorret. Check the argument of
the program.

I/F Invalid Data. An argument of the interface: program is invalid.
Check the argument of the program.

I/F Syntax Error. There is a syntax error in a message from the interface.

I/F Warming Data. An output clip or limit warning occurred when execution of sequence was
attempted via the interface.

ICAL Data is broken. The CC calibration data stored on the internal nonvolatile memory has been

broken. Repeat calibration.

Invalid Sequence.

Sequence whose mode differs from the currently selected mode cannot be run.

Invalid Tr Tt.

You cannot specify Tr Tf when in the Normal C.V mode or Static C.C mode.

I/F Can't Execute

The command cannot be executed. For example, a RUN command is given
when in the EXECUTE O status. Correct the mode of operation.
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Error Message Causes and Remedies
No Use EXT SIG IN. The external analog signal input is not selected.
Parity Error. A parity error has occurred. Check the settings.
Prediction V Limit. A sequence data value is greater than the voltage limit value.
Prediction I Limit. A sequence data value is greater than the current limit value.
RX Buff Overflow. An overflow of the receive buffer occurred.
SEQ Data Error. An error in sequence data occurred. Check the data of sequence file [#0].
SEQ Data is broken. Sequence data stored on the internal nonvolatile memory is broken. The

memory stores the default values. Repeat the settings.

SET Data Error. An error in setup data occurred. Check the data of setup memory [#0].

SET Data is broken. Setup data stored on the internal nonvolatile memory is broken. The memo-
ry stores the default values. Repeat the settings.

System Error. The internal memory has failed. Order your Kikusui agent for repair.
TX Buff Overflow. An overflow of the transmit buffer occurred.
VCAL Data is broken. The CV calibration data stored on the internal nonvolatile memory has been

broken. Repeat calibration.
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Appendix 2. Troubleshooting Chart

This appendix is to provide you with very basic types of troubleshooting information. Before ordering
repair, verify that the power supply has actually failed, by referring to the [Symptoms], [Check Items], an
d [Causes] given below.

* Provide a means to prevent the use of the failed power supply (for instance, put an

"OUT OF ORDER" tag on the power supply).

WARNINGS * Never open the casing of the power supply.

[Symptoms]
Even when the AC input power switch of the power supply is turned on, the power
supply does not operate and nothing appears on its display.

[Check Item 1] Is the AC input power fed to the AC input terminal of the power supply?
[Cause] Incorrect connection or open-circuiting of the AC input power cable

[Check Item 2] Cases to which Check Item 1 does not apply.
[Cause] Failure of the powgr supply

[Symptoms]
The AC input power switch cannot be turned ON.

[Check Item 1] Is not pin (D of the analog remote control terminal (J2) connected to common
pin ®?
[Cause] The external contact signal for Power-OFF control is in the ON state (made
state).

[Check Item 2]  Is the circuit between pins D and (@) (alarm signal contact) of the analog remo-
te control terminal (J2) closed (for about 60ms)?
[Cause] The OVP has tripped. Check that no external overvoltage is applied to the out-
put terminal,

[Check Item 3] Cases to which Check Items 1 and 2 do not apply.
[Cause] Failure of the power supply
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[Symptoms]
The power supply does not deliver its output even when its OUTPUT key is pressed.

[Check Item 1] Check that the AC line voltage fed to the input terminal meets the specifica-
tions.
[Cause] Has been reset by trip of the input protector.
Check that the specified AC line requirements are met.

[Check Item 2] Cases to which Check Item 1 does not apply.
[Cause] Failure of the power supply

[Symptoms]

The output is unstable.

[Check Item 1] Is the remote sensing (if employed) correct?
[Cause] Wrong connections or open-circuiting of the remote sensing wiring

[Check Item 2] Is the analog remote control (if employed) correct?
[Cause] Unstable external control voltage or resistance signal, or incorrect wiring

[Check Item 3] Check that the AC line voltage fed to the input terminal meets the specifica-
tions.

[Cause] If the linc voltage is low, ripple on the output will increase.

[Check Item 4] Cases to which Check Items 1 through 3 do not apply.
[Cause] Failure of the power supply
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Mode Select Terminals

Fast/Normal (Dynamic/Static)

Fast (Dynamic)

Default Configuration

Mode of operation C.V mode
Output OFF
Local/Remote Local
Keylock OFF
Auto protection 110%
GPIB address 1
Power-on SRQ Disabled
MCB slave address 1
RS-232C transfer rate 9600 bps
RS-232C data bit length 8 bit
RS-232C stop bit length 2 bit
RS-232C parity bit None

Default sequence
Sequence data Refer to the entry example

of Appendix 5.

TRIG direction Input
Auto-run OFF

APPENDICES
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Default setup
SET 0.0V (C.V mode)
0.0A (C.C mode)
FINE 0 (C.V mode)
0 (C.C mode)
RESOLN (resolution) 0.1V (C.V mode)

0.1A (C.C mode)

Software V Limit

1 110% of rated output voltage

Software I Limit

£ 110% of rated output current

Limit protective action Output OFF
Limit/OVP Limit action
Limit delay time 2 sec
MCB protection None

Tr Tf

50 ¢ s (C.V mode)

100 ¢ s (C.C mode)

Output display mode DC

Display time 1 sec

Amplitude setting 0%

MEM A SET 0.0V (C.V mode)

MEM B 0.0A (C.C mode)

MEMC FINE 0 (C.V mode)

MEM D 0 (C.Cmode)
Hardware Protection

Hardware +V limit Maximum

Hardware -V limit Maximum

Hardware + 1 limit Maximum

Hardware — I limit Maximum

A-8




APPENDICES

Appendix 4. Menu Charts

This appendix provides protection menu, setup menu, configuration menu, and sequence menu charts.

Protection Menu
[PROTECT])

Initial protection menu

——1: [V Limit Level] : Voltage protection setting menu
For setting of voltage limit levels

——1: [Software +V Limit]
For setting of +V voltage limit level by software
(Can be set also by [SHIFT] + [PROTECT] AUTO keys)

—2: [Software —V Limit]
For setting of —V voltage limit level by software
(Canbesetalsoby [SHIFT} + [PROTECT] AUTO keys)

——3: [Hardware V Limit]
For display of voltage limit value set by potentiometer on front sub-panel

——2: [I Limit Level]} : current protection setting menu
For setting of current limit levels

——1: [Software +I Limit]
For setting of +I current limit level by software
(Canbesetalsoby [SHIFT] + [PROTECT] AUTO keys)

F—2: [Software —I Limit]
For setting of —I current limit level by software
(Can be setalso by [SHIFT] + [PROTECT] AUTO keys)

—3: [Hardware I Limit}
For display of current limit value set by potentiometer on front sub-panel

—3: [Limit Action] : Protective action menu
To select the actions to be taken when the output voltage or current has reached the limit value

1: [Output OFF]
To turn OFF the output

2: [Power OFF]
To turn OFF the output and also the AC input power switch

——4: [Limit Time Delay]
To set a delay time (0.05 sec to 9.99 sec) to be allowed before the protective action is taken after the limiter has tripped.

——35: [V LimiyOVP] : V Limit/OVP function select menu

—1: [V Limit]
The V Limit function is selected for voltage protection. The protective action is as selected by [Limit Action].

——2: [OV Output OFF]
The OVP function is selected for voltage protection. The protective action is Output OFF.

——3: [OV Power OFF]
The OVP function is selected for voltage protection. The protective action is AC input power switch OFF.

——4: [OV Crowbar ON]
The OVP function is selected for voltage protection. The protective action is crowbar ON.

——6: [MCB Protection] : MCB protective action select menu

1: [None]
Do nothing.

——2: [Output OFF]
When one of the protectors of the equipment connected to MCB has tripped, the power supply output is

turned OFF.
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Setup Menu
SETUP
( [sHIFT] + [7])
Setup Menu
1: [Recall] : To recall the setup data from the specified setup memory.
2: [Store] : To store the operation setup data in the specified setup memory.

3: [Store to #0] : To store the setup data in setup memory #0.

4: [Initialize]  : To initialize the settings.

Items of setup

V SET (I SET)

V FINE (I FINE)

V RESOLN (I RESOLN)
Software V Limit level
Software I Limit level
Protective action

V Limit/OVP

Limit delay time

MCB protection

Tr Tf

Output display mode
Display time
Amplitude setting
Memory A

Memory B

Memory C

Memory D

The items enclosed in the parentheses are for C.C mode.
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Sequence Menu
( [SEQ])
Initial sequence menu
— 1: [File]
————1: [List Files]

———— 2: [Load File}
——3: [Save File]

———— 1: [Edit Program]
+———— 2: [Edit Sequence]
L——3: [New]

+—— 3: [Run]

L 4: [Configuration]

t+—————1: [TRIG Direction]
———2: [Auto Run]

APPENDICES

: File management menu

: To display the sequence file contents
: To load the sequence file onto the sequence operation memory
: To save the data of sequence operation memory into sequence file

: Edit menu

: To add, edit, or delete programs of sequence operation memory
: To create or edit sequence parameters of sequence operation memory
: To initialize sequence operation memory

: menu
: To run the contents of sequence operation memory
: Configuration menu

: To define input/output dircction of trigger
: To specify either the sequence is to be run or not when power is turned on
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Configuration Menu

CONFIG
( [sHIFT] + [0])

Configuration Menu

— 1: [Local/Remote] : To select the local control mode or the remote control mode of operation.
——1: {Local] : The output voltage (or current) is controlled locally from the front panel.
F—2: [From J2] : The output voltage (or current) is controlled remotely with an external signal applied via

terminal J2 on the rear panel.

—3: [From BNC] : The output voltage (or current) is controlled remotely with an external signal applied via
the EXT SIG IN terminal (BNC terminal) on the front sub-panel.
\—4: [From J2 & BNC] : The output voltage (or current) is controlled remotely with an external signal applied via
the J2 terminal and the BNC terminal.
——2: [Start Up} : Start up menu
——1: [CV/CC] : To select the mode the power supply should assume when at power-on.
—1: [CV] : C.V mode
L—2: [CC] : C.C mode
——2: [Output] : To select the state of [OUTPUT] key when at power-on.
—— 1: [OFF] : Output OFF
——2: [ON] : Output ON
L 3: [Key Lock] : To select the locked or unlocked states for the keys when at power-on.
——1: [OFF] : Unlocked
L—2: [ON] : Locked
——3: NULL
——4: NULL

——>5: [Auto Fine]: Auto Fine menu

—— 1. [CV Auto Finc]: ON/OFF setting of CV Auto Fine

—— 1. [OFF]
—— 2. [ON]

——2: [CC Auto Fine]: ON/OFF sctting of CC Auto Fine

— 1. [OFF]
—— 2. [ON]

——6: [Auto Protection] :  To select an auto-protection level for V Limit when in C.V mode or for I Limit when in

C.C mode.
— I: [110%]
—> 2: [120%]
L—— 3. [130%]
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|——8: [Interface] : Interface board setting menu
— 1: [GPIB Address] : For GPIB address setting
l— 2: [MCB Address] : For MCB bus address setting
——3: [RS-232C Speed] : For transfer rate selection
——1: [9600 bps]

———2: [4800 bps]

——3: [2400 bps]
——4: [1200 bps]

——4: [RS-232C Data bit] : For data bit length selection

—1: [8 bit]
——2: [7 bit]

——35: [RS-232C Stop bit] : For stop bit length selection
——1: [1 bit]

——2: [1.5 bit]

L—3: [2bit]

——6: [RS-232C Parity] : For parity bit selection
——1: [None]

——2: [Odd]
L——3: [Even]

L 7: [Power-on SRQ] : For power-on service request selection

1: [Disable]
2: [Enable]

——9: [Calibration] : Calibration setting menu
(Setting for calibration is needed.)

——1: [Voltage] : For voltage calibration

Voltage offset calibration (manual)

“+" voltage full-scale calibration (manual)
‘ " —" voltage full-scale calibration (manual)
r----Software (hardware) V Limit offset calibration (auto)
-----Software (hardware) V Limit full-scale calibration(auto)
‘;- ---RMS display offset calibration (auto)
-----RMS display full-scale calibration (auto)

L——2: [Current] : For current calibration

Current offset calibration (manual)

"+" current full-scale calibration (manual)

" —" current full-scale calibration (manual)

----- Software (hardware) I Limit offset calibration (auto)
""" Software (hardware) I Limit full-scale calibration(auto)

APPENDICES
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Appendix 5. Sequence Coding Sheets

Coding Sheet (for Normal speed sequence)

Date: Nane:
Title: Description:
Mode : NV NI
Time unit: msec sec minute hour -
Sequence
No. Execute | Loop Chain End Comments
Program Sequence | Progranm
S:1 | P_ L C E_
S:2 P L C E
S:3 P L C E
S:4 P L C E
S:5 P L C E
S:6 P L C E
S:7 p L C E
S:8 P L C E
Program
NO. |Step |S/R{ C.VIV] |S/Ri C.C[A] |Trig |Out|Pause| Time | Comments
No. : : (]
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Coding Sheet (for Fast speed sequence)

Date: Name:
Title: Description:
Mode : FV FI
Sequence
No. Execute | Loop Chain IEmi Time Comments
Program Sequence | Program [msec]
S:1 P__ L C_ E__
S:2 P L C E
S:3 p L C E
S:4 P L C E
S:5 p L C E
S:6 P L C E
S:17 P L C E
S:8 P L C E
Progranm
NO. Step C.V [V]| C.C [A] |Trig | Comments
No.

APPENDICES
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Examples of Sheet Entry
Date: fy te Name: K| kysy:
Title: SAMPLE SEQ., Description:
Mode  : (@) NI
Time unit: @ sec minute hour
Sequence
No. | Execute | Loop Chain End Comments
Program Sequence | Program
S:1 | Po Loool | C2 E1&  |START
S:2 | Po2 Looco2| C3 Ei6 MAIN
S:3 Po3 Loco| | CX El6 END
S:4 P L C E
S:5 | P L C E
S:6 P L C E
S:1 P L C E
S:8 P L C E
Program
NO. |Step |S/Ri C.V[V] |S/Ri C.C[A] |Trig |Out|Pause| Time | Comments
No. (ms]
Pol |ool | s i o000 - 1o | - 50 |START
ool |s i _oopo § Tl5 | - to | TEsT
002 | R i 1500 __—1 - 15 . 20
003 | S | 1500 | - |5 | - 30
004 |s i jop0l " - 1ol - | 40
005 | R ¢ —j0o.00 : * lo ’ 50
Po3 | 0ol |S i —1000|l " - 1o . 20 |TESTZ2
002 | R | lo.00 | " M o : 20
03 1S ¢ 1000 i + |0 . 30
004 |S | 1000 ? - | O . 30
PI6 | ool |s i opol— e |_|oUTOFF
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Appendix 6. ID Codes for Calibration

Model ID code
PBX20-5 20050
PBX20-10 2010
PBX20-20 2020
PBX40-2.5 4025
PBX40-5 4005
PBX40-10 4010

APPENDICES
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