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1 Bascinformation

M151 Current calibrator is accurate current souwngego 120 A. It can be used for calibration of
ammeters or as stable current source for precisesumement. The calibrator is equipped with
a built-in multimeter that can be used for simwaatof programmable transconductance or current
amplifier.

Basic features of the calibrator include generatiboalibrated AC and DC current in the range of
8 mA to 120 A. Frequency range is 15 Hz to 1000 Hz.

Internal multimeter with ranges 200 mA, 20 V and KBz can be used for simulation of
programmable transconductance or current amplifier.

The calibrator includes many other features whatilitate easy use. For example it is currently
displayed uncertainty of the output signal, calilorm and testing procedures etc. The concept
of calibrator control and indication of its statiss based on large TFT color display, which
provides all necessary information. The calibrasocontrolled by opening menus on the display
and selection from menus. Frequently used functiares assigned direct-control keys. The
calibrator comes with standard IEEE488 bus and 85s2rial line, which allow the calibrator to
be controlled from a PC.

The calibrator is supported in the automated catlibn system Caliber.
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2 Preparation for operation

2.1 Inspecting package contents, selecting the instatia location
Basic package includes the following items:

M151

e Current calibrator

* Power cord

» Spare fuse

* Operational manual
* Test report

» RS232 cable

The calibrator should be powered by 230/115 V -6604z mains. It is a laboratory instrument
whose parameters are guaranteed aB828. Before powering on the instruments, place itaon
level surface. Do not cover the vents at the feitke and the fan opening at the rear panel.

2.2 Power-on

» Before connecting the calibrator to the mains, khibe position of the mains voltage selector
located at the rear panel.

* Plug one end of the power cord into the connecitaited at the rear panel and connect the
other end of the power cord into a wall outlet.

» Switch on the mains switch located at the rear p&iat display is lit.

* The calibrator performs internal hardware check$fseconds.

» After the tests conclude, the calibrator resetsit$oreference state, i.e. the following
parameters are set:

Function AC current
Current range 1A

Set value 1A
Frequency 50 Hz
Output terminals OFF

GPIB address of the calibrator is factory-preset.tdhis value is valid until the user changes
it.

Note.The calibrator resets to its reference status $e of power switching off and reconnection.
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2.3 Warm-up time

The calibrator works after it is switched on and thitial checks complete. Specified parameters
are only guaranteed after the instrument warms arp6d minutes. During this period, the
instrument cannot be calibrated.

2.4 Replacement of fuse

The calibrator includes a fuse located next torti@ns connector at the rear panel. Replace the
fuse as follows:

» Switch off the calibrator
* Remove the end of power cord from the mains colnettthe rear panel.

» Insert the blade of a flat screwdriver into theripg cut in the mains voltage selector and pull
out the fuse holder.

* Remove the fuse and replace it with new fuse oktme rating.

2.5 Safety precautions

The instrument has been designed in Safety Classdrding to EN 61010-1. The design reflects
the requirements of A2 amendment of the standard.

Safety is ensured by the design and by the uspeaifsc component types.

The manufacturer is not liable for the damage ahuse modification of the construction or
replacement of parts with non-original ones.

Safety symbols used on the equipment

Warning, reference to the documentation

Warning - risk of electric shock
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3 Description of controls

3.1 Front panel

The front panel of the calibrator includes a TFTocdlisplay, control keys and output terminals.
The following picture shows the control part of fhent panel.

9 1 2 3 4

1 Cursor keys

Using these keys, the cursor can be controlledinveHowed limits on the display. The keyboard
includes two keys (<, >) which allow the cursor® set to the required position at the display.
The cursor can be moved to the left or right. Thiesgs are usually used to step through the
options and to move from one option to anotheredwken the menu levels. Numeric values can
be set in some control modes as well. In thesescdle keys marked]( () allow the user to
increase or decrease the number at the cursor key.

The central key is used to select value you waohamge (TAB).

2 Rotary knob

The rotary knob integrates several functions. Byihg the knob to the left or right, the user can:
» step through the options

* enter numeric values

Operation manual 8




M151 Current calibrator MEATEST

The function of the rotary knob can usually be penied by the cursor keys. The central key is
used to confirm the selection (Select) or changeftinction of the rotary knob (value change or
position change).

3 Numeric keyboard

The keyboard allows the entry of numeric valueshendisplay. ENTER key is used to confirm
the selection. CANCEL key can be used to canceéftitsy.

4 Function keys

Function keys can be used to call-up the functminthe calibrator directly. The following keys
are provided:

function key

Source mode SOURCE
Amplifier mode AMPLIFIER
Voltage measurement VOLTAGE
Current measurement CURRENT
Output Operate/Standby OPER

After the function mode is changed, the parametétbe respective function are restored. If the
respective function was never used, the calibrasets to its reference values.

5 Power switch

Turns instrument AC power ON and OFF.

6 Air intake

A cold air intake is used to bring relatively ca into a calibrator.

7 Current output

Current outputs HI and LO terminals.

8 Display keys

There are five keys below the display, whose mepnlanges depending on the contents of the
display. These keys usually call-up the “local Mefunits, modes, etc.).

9 Display
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A ——- |/ =5 3147 28, | Local |
OFF —— B 3

Bl =—p 1.00000 A ‘\} B.035 ) | C— (3

Ghd Of f

B2 =——— Freguency 38,888 Hz Coil OFF
Sunc Int — BS

Input U meter

C — Amp1itude B.B8le U

Frequency A.BEER Hz

The display is divided to three horizontal sections

A. Upper information line

» Selected function (Source AC)
» Date and time
* Remote control state (Local — keyboard, Remoterapeier)

B. Main area

This section displays the set-up values of genéraignals and the data related to the
calibrator status. The section includes the foltayiypes of data:

1. Main value
There is displayed main output value with the @mitl indication of AC or DC (picture).
There is displayed also actual position of cur¥oA if the parameter is in edit mode.
Position of cursor can be changed using keys <ad>p@arameter can be changed using
keys[, [, or using the rotary knob.

2. Auxiliary parameters
This section displays auxiliary parameters of dbtiselected function:

* Frequency (AC functions)
* Gain (Amplifier mode)
* Step (Amplifier mode)

3. Outputs state
Window displays whether output terminals are cotewor not connected.

Symbols displayed in window:

OFF| - output terminals are not connected, output is off
B8] - output terminals are connected, output is on

4. Specification
In the field specification of set-up output signslshown. Uncertainty is related to the
main parameter. Label BUSY instead of accuracyigplayed, if calibrator is not within
specified parameters or if internal reconnectionnisprocess. This can occur during
changing the functions, changing set parametelig;lsng output terminals ON and OFF.
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5. Information section
The information section located in the right patttlee display and displays additional
information related to the selected function:

» Information about the grounding method of outpuimieals: Gnd as set up using the
menu ,Calibrator”.

» Information about the use of turn coil as set upgithe menu ,Calibrator”.

* Information about sync mode (only AC output).

C. Meter’s information section

D. Display softkeys

The functions of these keys change during operdtiepends on actual display mode).

Colors on display
Common rules are used for applied color of labetsalues.
1. Red color is applied, when displayed value is meskby the calibrator.

2. Blue color is applied for parameters or values,childan be set-up or modified directly
from front panel keyboard or via Main menu.

3. Black color is used for fix values, labels, notes,ameters which cannot be modified and
for other fix text with general information purpose

4. Meaning of display keys is always shown the loviiest If there is no description above
display key, the key is not active in selected fiomc
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3.2 Rear panel

Rear panel includes meter input terminals, vemitaholes, power cord socket, power line fuse,
power line voltage selector 115/230V, fuse for ingd multimeter, interface connectors GPIB and
RS232 and metal central ground terminal.

h-m

power line entry

power line fuse

power line switch

fuse for internal multimeter (F315mA / 250V)
central ground terminal

GPIB and RS-232

forced ventilation holes

meter input terminals

O~NOOUITAWN B
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4 Control of the calibrator

4.1 Selection of function

After the power is switched on and the initial dkeecomplete, the calibrator resets to its reference
state:

Function: Source AC
Current: 1A
Frequency: 50Hz

The state of the calibrator can be changed usiadkéeys located at the front panel in one of the
following ways:

1. Change of function by pressing one of direct funati keys

After pressing one of the keys SOURCE, AMPLIFIERDIMAGE or CURRENT calibrator
switches to the selected function and set thesktstip parameters. Whenever function is changed,
calibrator always goes over to STANBY position. Quitterminals are disconnected.

2. Connection /disconnection of output terminals

After pressing the OPER key, the output termindlthe calibrator are connected. To disconnect
active terminals push the OPER key again.

3. Select AC /DC current
After pressing AC/DC softkey the calibrator chang€sto DC signal or DC to AC signal.

4. Access to the Main menu

After pressing the SETUP softkey the calibratopldigs the basic level of the setup menu. In this
menu you can change instruments setting and cathbrdata. Previous function is recalled after
pressing Exit softkey.
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4.2 Setting the value of output signal

Edit mode

Parameters of output signal can be changed innimtite. Only parameters displayed in blue color
can be changed. Display can be switched to edienmodifferent ways:

- Pressing numeric key

- Pressing ,Select” key (in the middle of cursorsey
- Pressing cursor key

- Pressing the rotary knob

In edit mode is edited value highlighted by bluekzgound. Pressing the ,Select” key you can
change among ,blue” parameters. Edit mode is fedsy pressing ,Exit“ softkey.

Entry of the value using numeric keyboard

* Use the numeric keyboard to select the desiredevaiiter the first digit is entered,
input box is displayed. In the upper row of th@uhbox is the name of edited
parameter. Using softkeys you can enter the neueval different units.

* Enter desired value.

» After the entry is complete press softkey with resfed unit or press ,Enter” key.
~Enter® key inputs the value in basic units (A, H2.

Source AC 8:03 21.
OFF
1.00000 A N suossz

Gnd Off

Frequency  [EECEERH- Coil Off

Sunc Int

Input walue: Freauency -|
100.°2

Freduency K. HEHE H

Calibrator sets new value.

The value is copied to the appropriate field in $heeen and the input box disappears.

Entry of the value using cursor keys

* Press<, >, OorUOkey. The display now includes cursor marks whicmgs to the
active digit.

» [JandOkeys can be used to change the active digi.keys can be used to change
the position of the cursor marks
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To get to the default screen, press ,Exit* key. vdlues can be set using the keys or
the rotary knob.

Entry of the value using the rotary knob

Note:

Press the rotary knob. The display now includesaumarks which points to the
active digit.

Turn the knob to change the active digit

Press the rotary knob to change to the mode whilieWschanging the value of the
active digit.— and— symbols are displayed above the active digit. va&ctigit can be
changed by turning the knob.

Turn the knob to change the position of the adtingg.

To get to the default screen press ,Exit“ key. vdlues can be set using the keys or the
rotary knob.

All parameters have limits (high and low). If thetered value is outside these limits
error message is displayed (,,Value too large (9ff)ahd new value is not accepted.

4.3 Connection / disconnection of output terminals

After switching the AC power supply on the outperntinals are disconnected in all modes.

Press the “OPER” key to connect the output sigméhé¢ terminals. Symbol displayed in window:

Press the “OPER” key again to disconnect the outguminals. Symbol displayed in window

Now:

Output terminals are disconnected automaticallyeunfollowing conditions:

Function mode change
Calibrator is overloaded.

Synchronization is lost (AMPLIFIER)

4.4 SOURCE mode

15
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The calibrator can generate calibrated currentp@uerminals for current ranges are CURRENT
OUTPUT HI — LO terminals.

Current setting range: 8 mAto 120 A
When 25-turn coil (option 151-25) is used, Curmamige is up to 3000 A.

Control in the SOURCE mode

* Press “SOURCE” key on the calibrator and then $ed& or DC mode by pressing display
key. The display shows the following data:

* main current through the CURRENT OUTPUT HI-LQOrtenals
* frequency, if AC current is selected
* uncertainty of current

* Set desired value of current using numeric keyhoewthry knob or cursor keys. Output
current is not yet connected to the output ternsinal

» Connect the instrument to be calibrated to CURRENJTPUT HI-LO.

* Press OPER key.

* Green symbol is lit on the display to indicate to@nection of output terminals.

* If Coil x25 or Coil user function is activated (skelow — Main menu), the optional current
coil must be connected to the output terminals. ddlédrator can be used to calibrate clamp
Amp meters up to 3000 A.

Overloading of output terminals

When external circuit connected to current outguininals is disconnected or there is higher
voltage at the load than permitted, the calibralisconnects the output terminals and displays
,Output Overload“ message. The same message cdisfdayed when current coil is used for AC
current output at frequencies above 80 Hz. It ddpem the set current and the type of ammeter
connected.

Setting the current in modes Idc Basic and lac Basi
The calibrator allows several ways of setting thkig of generated current.
1 Setting the current

» Repeatedly press the “Select” key (in the middlewsor keys) until the current value
appears in edit mode (grey background).

* The value can be set using numeric keyboard anfircmd by pressing mA or A
softkey. The value can be set using cursor keystary knob as well.

2. Setting the frequency (AC current only)
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* Repeatedly press the “Select” key (in the middlewfsor keys) until the frequency
value appears in edit mode (grey background).

* The value can be set using numeric keyboard anfirecmd by pressing Hz softkey.
The value can be set using cursor keys or rotanp las well.

4.5 AMPLIFIER mode

The calibrator generates output current accordirthe input value measured by internal meter.

Current range: 8 mAto 120 A
When 25-turn coil (option 151-25) is used, Curmamge is up to 3000 A.

Control in the AMPLIFIER mode

Press “AMPLIFIER” key on the calibrator and thefese AC or DC mode by pressing display
key. The display shows the following data:

main current through the CURRENT OUTPUT HI-LOrtenals

uncertainty of current

frequency, if AC current is selected

gain of simulated amplifier

step of generated current (step 1.0 A means ol@but current is generated in entire
amperes — 1A, 2A, ..., 120A)

* %k ok ¥

Select type of he input signal by pressing VOLTAGECURRENT meter key.

Set required Gain and Step of the output current.

Connect the control signal (voltage or currenthi meter terminals located on the rear panel.
In case of internal frequency synchronization niigsset also frequency of output current.

In case of external or power supply frequency symization, wait until the frequency is
synchronized (light green circle near the frequeraiyes).

Connect the instrument to be calibrated to CURRENJITPUT HI-LO.
Press OPER key.
Green symbol is lit on the display to indicate to@nection of output terminals.

If Coil x25 or Coil user function is activated (skelow — Main menu), the optional current
coil must be connected to the output terminals. ddlérator can be used to calibrate clamp
Amp meters up to 3000 A.
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5 Multimeter

The calibrator includes a built-in multimeter whican measure AC/DC voltage, AC/DC current
and frequency. Measured signal must be connectégetberminals on the back side. Terminals
mA, COM are for current measurements. TerminalsC@OM are for voltage and frequency
measurements.

5.1 Function selection

* Measurement function should be selected in Mainunfgam Meter) or
VOLTAGE/CURRENT keys.

* Press UP, DOWN display keys or use the rotary kndelect one of the following functions:

* Voltage — AC voltage range 20 V/ 15 - 10000 Hz, @@tage range 20 V
* Current — AC current range 200 mA / 15 - 10000 BZL, current range 200mA
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6 Calibrator setup menu (Main menu)

The calibrator allows many other, less frequenfigduparameters to be set. Setup menu is used to
set these parameters. Setup menu is opened byngr&STUP softkey. If output terminals are
connected, they will be disconnected and the fahgvdisplay appears:

Main menu Setup

Interface
Calibrator
Heter
Calibration

Use O or O cursor key or the rotary knob to browse the mepitioas. Press ,Select” softkey or
press in on the rotary knob to select highlightedni Press ,Exit* softkey to leave the selected
menu level.

New settings are retained when the calibrator itched off.
The Main menu contains items:

* General — general instruments settings (displayhéard, time, date)
* Interface — parameters of instruments remote cbntro

* Calibrator — parameters of signal generation

*  Meter — parameters of multimeter

* Calibration — instruments calibration data

6.1 General Menu
Submenu contains basic parameters of display aylubked.

1. Volume

This parameter sets the beeper volume. Cursor keyary knob or numeric keyboard allow
setting the value in the range of 0 to Pfess the Writsoftkey to set the beeper volume and return to
the General menu.

2. Brightness

This parameter sets the display brightness. Clkegs, rotary knob or numeric keyboard allow
setting the value in the range of O to 7. Pres3fihige softkey to set the display’s brightness and
return to the General menu.

3. Beeper
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This parameter enables / disables the signalizatiqgogressed key. Possible states are ,Beep On
and ,Beep Off“. Press the Select softkey or prasmithe rotary knob to set the selected state.

4. Calibration Password

This parameter sets the calibration password. @didn password is a five-digit number, which
must be entered to access the calibration modéhelfcalibration password is set to 0, this
information is displayed in the General menu. Otredues are displayed as ,Secret".

You will be prompted to enter the present calilomatpassword (use the numeric keyboard and
confirm with Enter key). Now you can change thelration password. Cursor keys, rotary knob
or numeric keyboard allow setting the value induege of 0 to 99999. Press the Write softkey to
set the display’s brightness and return to the Gedmeenu.

Note: It is advisable to write down actual calibvat code if changed. If you forget the
calibration code, you have to send the calibraidhé manufacturer.

5. Time

Setting the real time. The parameter can be chaonged cursor keys, rotary knob or numeric
keyboard.

6. Date

Setting the date. The parameter can be changed wasirsor keys, rotary knob or numeric
keyboard.

7. Device Information

Viewing the device information. Displays the senamber and software version.

6.2 Interface Menu
Submenu contains remote control parameters.

1. Active interface

Sets the type of interface used to calibrator’'satenctontrol. By selecting an item from the list
IEEE488, RS232 or Ethernet type can be selectegl.c@hbrator can be remotely controlled only
using the selected interface.

2. |IEEE488 address

Sets the calibrator's IEEE488 (GPIB) address. Guksys, rotary knob or numeric keyboard
allow setting the value in the range of 0 to 30dAas$s 02 is set by the manufacturer.

3. Baud rate

Sets the communication speed of RS232 bus. Bytsedean item from the list 1200, 2400, 4800,
9600, 19200, 38400, 76800 or 115200 Bd can betselec

6.3 Calibrator Menu
Submenu contains parameters that affect generapeal s
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1. Current output Lo GND

This parameter allows connecting Lo terminals afent output to GND. In practice this means
that Lo current terminals are grounded. By selgctin item from the list Gnd Off and Gnd On
type can be selected.

It is recommended to ground output — Gnd On. If theter to be calibrated has Lo terminal
grounded, it is recommended to unground the cooretipg calibrator’s output to exclude ground
loops.

Note

If neither the calibrator’s output, nor the metdariputs are grounded, signal/noise ratio can arise
at the calibrator’s output.

2. Current coil

Sets the calibrator for connection the 25 —turmuser current coil (clamp ammeters calibration).
The coil multiplies the output current either 28eis or user times depending on set parameter. By
selecting an item from the list Coil Off, Coil x2/d Coil user type of connected current coil can
be selected.

3. Colil user multiplier

Sets number of turns if user current coil is comedc Cursor keys, rotary knob or numeric
keyboard allow setting the value in the range ofta®0. Press the Write softkey to set the
number of turns and return to the General menu.

4. Synchronization

Sets the external synchronization of the outputaigBy selecting an item from the list Internal
(internal synchronization), Power line (synchrotima to the power supply) or External
(synchronization to the meter input terminal) typle frequency synchronization coil can be
selected.

Note:

External synchronized signal has larger distortimein internal synchronized signal because of
fine frequency tuning.

6.4 Meter Menu
Submenu contains parameters that affect measigedl si

1. Function
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Sets the internal multimeter measuring function aamage. By selecting an item from the list
Voltage (AC/DC voltage 0-20V) and Current (AC/DCrmant 0-200mA). Frequency of the
measured signal is displayed always.

6.5 Calibration Menu

Calibration password is required to access theb@sdion Menu. Default calibration password is
,0”. For more detail about calibration see the ¢baf.
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7 Calibration mode

The calibrator includes calibration procedure, Whiallows recalibration of the calibrator.
Recalibration can be performed using the keys a@olnm the calibrator.

7.1 Calibration principles
The instrument can be calibrated:

» completely, i.e. all functions are calibrated ihracommended points
» partially, i.e. only selected functions are caltbrhin all recommended points
» partially, i.e. only selected functions are caltbrhin selected points

Complete calibration consists of all partial cadittons performed in the order defined by the
calibration menu. If an item of the calibration mere.g. ,Current AC” is selected, it is not
necessary to calibrate all ranges defined by thibration algorithm. If new calibration of all
ranges is not possible (e.g. the required stantaridt available), old calibration data can be
confirmed, i.e. current step of the calibration barskipped.

Calibration can be finished in any point of the dhlation procedure. However
this particular calibration influences parametersf the calibrator.

Accuracy of the calibrator is guaranteed when fulélibration was done.

AC current (Current AC) calibration is performed by setting 2 fixed poirits all current
ranges. The frequency is 55 Hz.

DC current (Current DC) calibration is performed by setting 2 fixed poifdasall current ranges
and for both polarities (+ and -).

Multimeter (Meter) calibration consists in calibration of ranges 2Q00mA and 10 kHz.

7.2 Access to the calibration procedure
Calibration password is required to access théedion procedure.

General
Interface
Calibrator
Meter
Calibration

Enter F

* Press Menu to open the Main menu.
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» Select the Calibration submenu and press the ,Sealeftkey.
» Calibrator requests the entry of the calibratiosspeord.
» Enter the correct calibration code using numeriytbkard and press ENTER.

» If incorrect calibration code is entered, an ermoessage “Bad calibration code!”
appears on the display.

7.3 Selection of calibration type

After the calibration menu is displayed, one oftircalibrations can be selected. Useand [l
cursor keys to move the cursor through the list emafirm highlighted item by pressing Select

Current. HC

Fange 3AEmAac high C(3HEmMAD
Range 1Rac low (@.3A)
Fange 1Aac high C1A2
Range 2Rac low C(1A)

Fange 2Aac high CZA2
Range SRac low (2A)

Range SAac hiah CSA)
Fange 1AAac low CSAD
Range 1BAac high C18A)
Fange 1Z28Hac low 1 C1HAD
Range 12BAac high 1 C38A)
Fange 1Z28Hac low 2 C1HAD

-

softkey. The following data are shown (the follog/iexample is valid for Current AC):

Curtrent HC Setup

Range 38EmAac low ¢3EmA>

329378181

Softkeys have the following meaning:

Write new calibration value is entered into the mematg value is lost. The calibrator
returns to the previous menu.

Skip current calibration step is skipped, old valueetined in the memory. The calibrator
returns to the previous menu.

Moreover, the display shows the range which isdpeglibrated (Range 300mAac), and the value
to be set at the external standard multimeter évadibrackets 30mA).
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Setting the new calibration data

Use cursor keys, rotary knob or numeric keyboarsetosuch main data on the display, when the
output signal measured by external standard mukimesaches the required calibration point.
When the standard output value is reached, prege Wbftkey to write new calibration value to
the calibration memory. If you press Exit softkélye calibrator ignores the new value and old
value is retained.

The procedure is repeated for all calibration oiot the selected function. If you press Exit
softkey the calibrator returns back to the previmesu level.

Termination of calibration

Calibration can be terminated by repeated pres&xitesoftkey until the calibrator returns to the
Main menu.

Calibration points

Each function of the calibrator has assigned figalibration points which have to be set during
the calibration.

Current AC function (Current AC)

Nominal value[A] Set limits [A] Range [A]
30m 10u 300 m
300 m 15u 300 m
300 m 30u 1

1 50u 1

1 100u 2

2 100 u 2

2 200 u 5

5 250u 5

5 500 u 10
10 500 u 10
10 1m 120#1
30 15m 120#1
10 Im 120#2
30 15m 120#2
10 1m 120#3
30 15m 120#3
10 Im 120#4
30 15m 120#4

Table AC current
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Current DC function (Current DC)

M151 Current calibrator

Nominal value [A] Set limits [A] Range [A]
30m 10u 300 m
300 m 15u 300 m
-30m 10u -300 m
-300 m 15u -300 m
300 m 30u 1

1 50u 1
-300 m 30u -1
-1 50u -1
1 100u 2
2 100u 2
-1 100 u -2
-2 100 u -2
2 200u 5
5 250 u 5
-2 200 u -5
-5 250 u -5
5 500 u 10
10 500 u 10
-5 500 u -10
-10 500 u -10
10 1m 30#1
30 15m 30#1
-10 1m -30#1
-30 15m -30#1
10 1m 30#2
30 15m 30#2
-10 1m -30#2
-30 15m -30#2
10 1m 30#3
30 15m 30#3
-10 1m -30#3
-30 15m -30#3
10 1m 30#4
30 15m 30#4
-10 1m -30#4
-30 15m -30#4
Table DC current
Multimetr (Meter)

Nominal value [-] Set limits [-] Range [-]
oV 100 uv 20V
20V 400 uv 20V
0 mA 500 nA 200 mA

200 mA 5 uA 200 mA
10 kHz 200 mHz 10 kHz

Table Multimeter
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7.4 Full calibration procedure

Required instruments

Following pages describe procedure of the fullaralion. Following instruments are required for

calibration:

81/2 digit multimeter type HP3458A or Fluke 8508@, other type with accuracy
0.001 % on DC voltage

Calibrator Meatest M142 or M140 with DC ranges 1QUmA and AC range 10V / 10
kHz.

Resistance shunt 1@ 10 nQ, 100 nQQ Burster 1280, or other type with accuracy
0.01%

Counter HP 53181A, HO 53130, BM 642 or other witbwracy 0,001 %

HP8903A Distortion analyzer and scope with bandwidtn. 20 MHz are recommended for THD
measuring of AC signals.

Calibration procedure

1.

27

Connect the calibrator and the multimeter to themand let them switched on for at least
three hours in a laboratory at#13°C.

Press Menu key to call up the Main menu, selecib@dion end press Select softkey to
enter the calibration menu.

Enter the calibration code and press Enter keya(de€alibration code is “07).

AC current ranges calibration

a)

b)

c)

d)

Select Current AC from the calibration menu andficonby pressing Select
softkey. Set the same function on external multémet

Follow the instructions provided on the calibrasodisplay and the ACI table to
adjust the calibrator’s output in the calibratiairs.

To adjust the calibrator’'s output in the calibratjooints, press Select softkey and
use<, >, [0, [ cursor keys, rotary knob or numeric keyboard tustdthe output
voltage. Confirm correctly set value by pressingt@vsoftkey. If you want to skip
the calibration point whose calibration you haveeadly entered, press Exit
softkey.

Resistance shunt should be used on 2, 5, 10 aAd&0ges, if standard multimeter
does not cover this range.

DC current ranges calibration

a)

Select Current DC from the calibration menu andiconby pressing Select
softkey. Set the same function on external multamet
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b) Follow the instructions provided on the calibrasodisplay and the DCI table to
adjust the calibrator’s output in the calibratiairs.

C) To adjust the calibrator’'s output in the calibratjooints, press Select softkey and
use<, >, [, O cursor keys, rotary knob or numeric keyboard tustdthe output
voltage. Confirm correctly set value by pressingt@softkey. If you want to skip
the calibration point whose calibration you haveeadly entered, press Exit
softkey.

d) Resistance shunt should be used on 2, 5, 10 aAd&0ges, if standard multimeter

does not cover this range.

6. Multimeter calibration

Built-in multimeter calibration consists of the itation of 20 V voltage range, 200 mA
current range and 10 kHz frequency range.

External calibrator of higher precision class sHobke used to calibrate the built-in
multimeter (Meatest M142). If accurate externailrator is not available an 81/2 digit
multimeter is recommended for calibration.

a)

b)

20 V voltage range calibration

Select Meter from the calibration menu. Press $slgitkey to select the first
calibration point, 0 V.

Make short on calibrators input terminals METER UNPV-COM.

Main value presents the calibration point. Leavéue&ad.000 and press Write
softkey.

Select calibration point 20 V.

Connect external voltage 20 V DC to the calibratput terminals METER INPUT
V-COM. Exact value can be measured by paralleldstechvoltmeter.

Adjust main value on the display. It should be e¢doathe value measured by
standard multimeter. Use >, [J, O cursor keys, rotary knob or numeric keyboard
to adjust the main value. Confirm new value by girgg Write softkey.

20 mA DC current range calibration

Select Meter from the calibration menu. Press $elaftkey to select the first
calibration point, 0 mA.

Make short on calibrators input terminals METER UINPmMA-COM.

Main value presents the calibration point. Leavéu&ad.000 and press Write
softkey.

Select calibration point 200 mA.

Connect external current source 200 mA DC to ttibredor input terminals
METER INPUT mA-COM. Exact value can be measureddyal standard
ammeter.
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Adjust main value on the display. It should be ¢doathe value measured by
standard multimeter. Usg >, [J, [J cursor keys, rotary knob or numeric keyboard
to adjust the main value. Confirm new value by girgg Write softkey.

10 kHz frequency range calibration

Select calibration point 10 kHz.

Connect external AC voltage 10 kHz (voltage betwk@mo 20 V) to the calibrator
input terminals METER INPUT V-COM. Exact frequenggiue can be measured
by parallel standard counter.

Adjust main value on the display. It should be ¢doathe value measured by
standard counter. Use >, [J, [ cursor keys, rotary knob or numeric keyboard to
adjust the main value. Confirm new value by prag$ifrite softkey.
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8 Error messages

If an error occurs during the calibrator’'s opematoy control, error message is displayed on the

display. Errors can be caused by:

* Incorrect control using the front panel, i.e. af¢snto force a prohibited mode, e.g. setting an

out-of-range value, overloading of output termiretls,

* Incorrect control using GPIB or RS-232 interface.

» Calibrator’s fault.

Source AC
OFF
‘ Ualue too large. \ B.B35 %
Grd OF f
Frequency SH.HBA Hz Coil OFF
Sunc Int
Input  Umeter e
Amplitude A.6818 U
Frequency A.BEER Hz
Exit

Sample error message which appears when too latge is attempted to set up is shown bellow.

All error messages are displayed in the frame apped main screen.

The following table lists all error messages, time@aning and simple troubleshooting.

ID Error message Description
Remote interface error. A command was received lwhenerates too mug
data to fit in the output buffer and the outputfbufs full. Command
-430 Deadlocked. execution continues but all data are lost.
Remote interface error. The calibrator was addeesséalk but a comman
-420 Unterminated. has not been received which sends data to the tooffer.
Remote interface error. A command was received lwbénds data to the
output buffer, but the output buffer contained daden a previous
command. The output buffer is cleared when powsrigen off, or after
-410 Interrupted. reset command has been executed.
-363 Input buffer overrun Remote interface error.
Remote interface error. An invalid character strivags received. Check to
see if you have enclosed the character stringhiglesior double quotes and
-220 Invalid parameter that the string contains valid ASCII character.
Remote interface error. Received command doesntagovalid character
-140 Character data parameter.
Remote interface error. Received command doesntagovalid numeric
-120 Numeric data parameter.
-110 Command header Remote interface error. Reteiwmmand isn't valid.
501 Eeprom write. Eeprom write failed.
502 Eeprom read. Eeprom read failed.
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503 Eeprom error. Eeprom data lost. Check calitnatiata.
Output signal over specified limits. Decrease di¢gzel or decrease the
701,704 Output overload load.
Calibrator power stage overheated. Disconnect eatéoad. Ambient
703 High temperature temperature is too high or forced ventilation haes blocked.
705 Input overload Input signal over specified tsnDecrease signal level.
Current output terminals overloaded. Decrease Elgnal or decrease the
706 Current output overload | load.
722 Unexpected crossing. Error in internal commatiie.
721 Unknown function. Error in internal communicati
730, 731 Calibrator not ready Error in internal coumication.
732 Internal cpu RESET Calibrator will be restarted
743 Interface receive Error in internal communimati
745 Internal CPU timeout Error in internal commuation.
746, 747,748 Slave error Error in internal comroation.

9 Maintenance

The multifunction calibrator is electronic instrumbewith microprocessor control. All blocks
which are heavily loaded during the operation a@ed by a fan.

Rulesfor correct operation
Especially the following rules should be adhereduarantee correct operation of the calibrator:

» The calibrator can only be switched on and off lbgsping the mains switch located at the
front panel.

» Do not connect the calibrator to other voltage ttsmt by the voltage selector.
» Do not block the vent openings located at the pearel and front panel.

» The calibrator must not be operated in dusty enviment. It was designed to be used in a
laboratory.

* No liquid or small objects can be permitted to etitve calibrator through the vent openings.
» Do not switch the calibrator outside its operatignperature range.

* Connect the instruments to be calibrated to propatput terminals. There is no way of
protecting the calibrator from the damage causeddaye improper connections.

* Do not damage the output terminals by plugginghbarianas” thicker than the terminals were
designed for.

* Whenever possible, use the setup menu to groundtpat terminals (Gndl On).

Do not overload the power stages by leaving thabrcator switched on with the load
connected for a long time.

+ Ensure that used cables are suitable for the catibn current.
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Regular maintenance

The calibrator does not require any special maariea of electrical or mechanical parts. If is gets
dirty, the case and the display can be cleanedvioychrag moistened with alcohol.

The calibrator should be calibrated in the reconuohednl2-month intervals. A calibration center
has to perform this calibration.

What to do in case of failure

If an obvious failure occurs during the operation (e.g. the displayoislit, the fan is not turning),
the calibrator must be switched off immediatelysgicheck the fuse located in the power cord
receptacle. Procedure is following:

Remove the end of power cord from the mains comnettthe rear panel.

Insert the blade of a flat screwdriver into ther@pg cut in the mains voltage selector and pry
out the fuse holder.

Remove the fuse. Replace it with new fuse of timeeseating if the fuse was broken.

Replace the fuse holder, reconnect the power cmddsaitch on the calibrator. If the problem
persists, contact the manufacturer.

If an obvious fault is evidenced, e.g. a measureémaege or an operating mode is not functional,
the user cannot correct the fault. Contact the rizentwrer.

Hidden faults can cause different symptoms and be caused bgreiiff causes. Usually, they
cause instability of some parameter. Hidden defeats be caused by unacceptable distortion,
degraded insulation etc. In this case contact theufacturer.

Sometimes it seems that the calibrator has hideéect when the rules for correct operation are
not adhered to. In this case, the fault is causedhb operator. Most frequent cases of false
“hidden defects™

* mains voltage out of tolerance limits or unstable

» wrong grounding of the measurement circuit (badneation of the ground terminal of the
mains outlet, or several ground connection wheamgog loops are formed)

» proximity to sources of intensive influence, whgseducts are spread through the mains or
propagated by the electromagnetic field

» strong electrostatic or electromagnetic field whichn cause major instability during
calibration using higher impedance.
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10 Verification test

Procedure recommended for verifying parametershefdalibrator is described in this chapter.
During tests it is not necessary access to theantef the instrument.

Required equipment
Following instruments are required for performawmesfication test:

» 81/2 digit multimeter type HP3458A or Fluke 850&k other type with accuracy 0.01 % on
AC voltage

e Multifunction calibrator MEATEST M142 or M140 withC ranges 20 V, 200 mA and AC
range 20 V / 15 kHz.

* resistance shunt 1@ 10 nQQ, 100 Q2 Burster 1280, or other type with accuracy 0.01 %
e counter HP 53181A, HO 53130, BM 642 or other witbwracy 0,001 %

HP8903A Distortion analyzer and scope with bandwidtn. 20 MHz. 100 kHz bandwidth is
recommended for THD measuring of AC signals.

Configuration of the calibrator

Calibrator should be tested directly from the frpanel terminals To suppress influence of noise
or interference with power line frequency in measyrcircuit it is recommended following
setting of the calibrator (in Main menu):

1. Current coil Coil Off
2. Current sources GND Gndl On

Note: If it is grounded neither calibrator nor standareten, higher level can occur on the
output terminals.

In general, when calibrator is connected to theddrd meter, ground loops can be
arising through power line connection. Ground locps result apparently worse
noise, short term stability or non-harmonic distartof output signal. If necessary
use toroidal chokes to suppress these products.

Performance verification may be performed afternaap period i.e. 1 hour after switching on.
Calibrator have to be in temperature stabilize @@rdat minimum 8 hours before performance
verification test is started.
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Basic steps of the performance verification test

Verification procedure consists of following steps:

* 1A DC current test with linearity check

* DCcurrent internal ranges 300 mA, 2 A,5 A, 10 A, 30 A, 601&0 A test
* ACcurrentinternal ranges 300 mA, 2 A,5 A, 10 A, 30 A, 601&0 A test
» Frequency nominal value 1 kHz test

* Multimeter internal ranges 20 VDC, 200 mADC, frequency 10 kékt

Procedure

Following part describes procedure of performanegfigcation test. Recommended measuring
points are the same as the points in table ofdisiée tables bellow).

1. Connect the calibrator to the mains and let thentched on for at least one hour in a
laboratory at 281 °C.

2. Connect current input of standard multimeter todheent output terminals of the calibrator.
Set appropriate parameters on the standard mudtinteetmeet its best accuracy.

3. Perform 1 A DC linearity, DC current, AC currenst® according to the tables I, II, Il
Deviations should not exceed specified limits.

4. Connect output terminals of the calibrator to tesistance shunt 100(and counter. Set
output current 1 A AC, frequency 1 kHz.

5. Perform frequency test according to the table I€viation should not exceed specified limit.

6. Connect input voltage terminals of calibrator'seimal multimeter to the output terminals of
the standard calibrator. Set appropriate valuerexjuency and DC voltage according to the
table V.

7. Perform multimeter test in points FREQUENCY 10000 &hd 20 VDC. Deviations should
not exceed limits in the tables bellow.

8. Connect input current terminals of calibrator'semmal multimeter to the output terminals of
the standard calibrator. Set appropriate value®@fcDrrent according to the table V.

9. Perform multimeter test on range 200 mA DC accardothe table V. Deviation should not
exceed specified limit.

10. Connect output terminals of the calibrator to theistance shunt 100(®rand distortion meter.
Set output current 1 A AC and frequency 1000 Hz.

11.Check harmonic distortion of output signal. It sliooot exceed 0.05%.
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If calibrator is out of limits is in some points tfis test, appropriate function and range shoeld b
recalibrated. It is not necessary to recalibratéualkctions, but only this one, which does not meet
specification. See chapter Calibration mode, winecalibration procedure is described.

Tables of limits

1 A DC Basicrangewith linearity test

Function Range Value (A) Frequency (Hz) Deviation
allowed (UA)
A-DC 1A 0.4 200
A-DC 1A 0.5 225
A-DC 1A 0.6 250
A-DC 1A 0.7 275
A-DC 1A 0.8 300
A-DC 1A 0.9 325
A-DC 1A 1.0 350
A-DC 1A -0.4 200
A-DC 1A -0.5 225
A-DC 1A -0.6 250
A-DC 1A -0.7 275
A-DC 1A -0.8 300
A-DC 1A -0.9 325
A-DC 1A -1.0 350
Table |
DC current test
Function Range Value (A) Frequency (Hz) Deviation
allowed (UA)
A-DC 300.0 mA 0.3 105 u
A-DC 300.0 mA -0.3 105 u
A-DC 20 A 2.0 700 u
A-DC 20 A -2.0 700 u
A-DC 50 A 5. 1.75m
A-DC 50 A -5.0 1.75m
A-DC 10.0 A 10.0 45m
A-DC 100 A -14.0 45m
A-DC 30.0 A 30.0 15.0 m
A-DC 30.0 A -30.0 15.0 m
A-DC 60.0 A g0.0 30.0 m
A-DC 60.0 A -§0.0 30.0 m
A-DC 120.0 A 120.0 60.0 n
A-DC 120.0 A -120.0 60.0 m
Table Il
AC current test
Function Range Value (A) Frequency (Hz) Deviation
allowed (PA)
A-AC 300.0 mA 0.3 55 105 u
A-AC 1.0 A 1.0 55 350 u
A-AC 1.0 A 1.0 800 500 u
A-AC 20 A 20 55 800 u
A-AC 50 A 5.0 55 1.75m
A-AC 10.0 A 10.0 55 45m
A-AC 30.0 A 30.0 55 15.0 m
A-AC 60.0 A 60.0 55 30.0
A-AC 120.0 A 120.0 55 60.0
Table IlI
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Frequency test
Function Range Value (Hz) Frequency (Hz) Deviation

allowed (Hz)
FREQ 1 kHz 1000.0 5
Table IV
Multimeter test
Function Range Value Frequency (Hz) Deviatiof

allowed
FREQ 10 kHz 10000.0 Hz 0.5 Hz
V-DC 20V Jo.0V 2.6 mvV
V-DC 20V -20.0 V 2.6 mvV
A-DC 200 mA 0.2 A 33 pA
A-DC 200 mA 0.2 A 33 pA
Table V
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11 System control

The calibrator is equipped with RS232 serial lind #EE488 bus. System connectors are located
at the rear panel. For the remote control to wadperly, interface parameters must be set in the
system menu. For RS232 line communication speedeaet (1200 to 115200 Bd). For IEEE488
bus, an address from range 0 to 30 is allowed. cHfierator can be only controlled by one of
interfaces at a time. It is therefore necessargelect one of the interfaces (RS232 /IEEE488)
using the system menu.

11.1 IEEE488 bus properties

The instrument performs the following functions éden IEEE488 bus commands:

ﬁ SH1, AH1, T5, L3, RL1, DC1, SR1

@ The instrument also recognizes the following genesenmands:
o2 KL oioe DCL Device Clear reset the calibrator
DI04 s || ooe SDC Selected Device Clear reset the calibrator
wio [ aowaiewneiy — EOI End or Identify Message Terminator closertfessage
NDAC 8 GND (TW PAIR W/NDAC)
ool sweaweskwire - GTL  Go To Local close remote control mode
simLD |[TZ2]| SiouaL croND. LLO Local Lock Out local control locked
6 SPD Serial Poll Disable close serial messageasstat
= SPE Serial Poll Enable release serial message
status

11.2 RS232 serial line setting

To transfer the data using RS232 bus, 8N1 datadbisrused, i.e. each data word includes 8 bits,
no parity and one stop bit. The communication spmedbe set using the system menu. Available
values: 1200, 2400, 4800, 9600, 19200, 38400, 76800115200 Bd.

RS-232 connector layout

; 5 Pin Name Direction Description
2 TXD Output Transmitter
£ 9 3 RXD Input Receiver
5 GND - Ground

9-pin connector D-SUB FEMALE

Cable between the calibrator and PC (configuratidn
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PC D-Sub 1|D-Sub 2 Calibrator
Receiver 2 2 Transmitter
Transmitter 3 3 Receiver
Ground 5 5 Ground

Note:
It is not possible to send or receive data over323&hen the calibrator is not in remote mode.
You should use the command SYST:REM or SYST:RW.L.

11.3 Command syntax
The commands described in this chapter can beddbueugh all buses (RS232/IEEE488).

All commandes listed in this chapter are explainetno columns:
KEYWORD and PARAMETERS.

KEYWORD column includes the name of the command@hEammand includes one or more
keywords. If a keyword is in brackets ( [ ] ),stmot mandatory. Non-mandatory commands are
used only to achieve compatibility with languagenstard SCPI.

Capitals designate the abbreviated form of the cantts; extended form is written in lowercase.

Command parameters are in brackets (<>); each p#eam separated using a comma.
Parameters in brackets ([ ]) are not mandatane (| ) means “or” and is used to separate
several alternative parameters.

Semicolon ‘;’ is used to separate more commandsemron one line.
E.g. CURR 100.5 ; OUTP ON

Note (only for RS232):

Each command must end in <cr> or <If>. Both coda#f> can be used at the same time. The
calibrator performs all commands written on one liri the program after it receives <cr>, <If> or
<crlf> code. Without this code, the program linégisored.

Description of abbreviations

<DNPD> = Decimal Numeric Program Data, this formsaised to express decimal number with
or without the exponent.

<CPD> = Character Program Data. Usually, it reprssea group of alternative character
parameters. E.g. {ON | OFF | 0| 1}.

<SPD> = String Program Data. String value conggstiom more parts. It is used for date/time
setting.

?= A flag indicating a request for the value of frarameter specified by the command.
No other parameter than the question mark can ée us
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(?)= A flag indicating a request for the paramespecified by the command. This
command permits a value to be set as well as resplies

<cr> = carriage return. ASCII code 13. This codeaeses the program line.

<If> = line feed. ASCII code 10. This code executesprogram line.
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OUTPut subsystem

This subsystem enables to activate or deactivatedhbrator output.

Keyword Parameters
OUTPut
[:STATe](?) <CPD> { ON | OFF}
‘LOWCurrent (?) <CPD> { FLOat | GROund }
:CURCoil(?) <CPD> { OFF | X25 | USER }
:USER(?) <DNPD>
:SYNChronization(?) <CPD> {INT | LINE |EXT }
:LOCKed? <CPD>{0]|1}

OUTP[:STAT](?) <CPD> { ON | OFF }

This command activates or deactivates output texisin

* ON - activates the output

* OFF - deactivates the output

If query is sent, calibrator returns ON if the auttfs active or OFF if it is inactive

Example: OUTP ON - activates the output
OUTP? - the calibrator returns ON or OFF

OUTP:LOWC(?) <CPD> { FLO | GRO }

This command connects or disconnects the Lo tetrofraurrent output to/from GND terminal.
» FLOat ungrounds current output

¢  GROund grounds current output

If query is sent, calibrator returns GRO when thipat is grounded or FLO when floating.

Example:
OUTP:LOWC GRO
OUTP:LOWC? Calibrator returns FLO or GRO

OUTP:CURC(?) <CPD> { OFF | X25 | USER }

This command activates or deactivates the use-tdir2s or user current coil.

» OFF - deactivates the current coil

e X25 - activates the 25 turns current coill

 USER - activates the user current coil

If query is sent, calibrator returns USER if themsoil is activated X25 if the 25-turn coil is
activated or OFF if the current coil is deactivhte

Example: OUTP:CURC X25 activates 25-turn curreamik c
OUTP:CURC? Calibrator returns OFF, USER or X25

OUTP:CURC:USER(?) <DNPD>
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This command sets the number of the turns.
Prikaz nastavuje hodnotu uzivatelské zavitové civky.

<DNPD>
Parameter represents the number of the turns.

Example: OUTP:CURC:USER 50 sets the 50-turn cticeih

OUTP:SYNC(?) <CPD> { INT | LINE | EXT }

This command sets mode of output frequency synaaiban.

* INT —internal synchronization

* LINE - synchronization to power supply frequency

* EXT - synchronization to external signal

If query is sent, calibrator returns INT, LINE oXE according to selected synchronization mode.

Example: OUTP:SYNC INT selects frequency synchration to internal reference
OUTP:SYNC? Calibrator returns INT, LINE or EXT

OUTP:SYNC:LOCK? <CPD>{0] 1}

This query returns the actual state of frequenagisgonization.
* 0 - output frequnecy is not locked (it is not pblesto activate the output terminals)
» 1 - output frequency is locked to reference signal

Example: OUTP:SYNC:LOCK? calibrator returns 1 or O

MEASure a CONFigure subsystem

This subsystem allows controling the internal nmodtier.

Keyword Parameters
MEASure?

CONFigure(?) <CPD> {VOLTage | CURRent }
MEAS?

This query returns value measured by the multimeter

Calibrator returns the set values of amplitude aduency using standard exponential format.
Example: 7.456 V / 50.1 Hz is returned as 7.4566006,5.010000e+001.

Example: MEAS? Calibrator returns measured value

CONF(?) <CPD>{ VOLT | CURR}

This command sets the function of internal multienet
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If query is sent, calibrator returns VOLT or CUREarding to selected multimeter function.

Example: CONF VOLT sets the multimeter to functimitage

SOURCce subsystem

This subsystem allows controlling the individuahdtions of the calibrator.

Keyword Parameters
[SOURCce]
:MODE? { CAC|CDC | AMAC | AMDC }
'VDC
'VOLTage(?) <DNPD>
:CAC
:CURRent(?) <DNPD>
‘FREQuency(?) <DNPD >
:CDC
:CURRent(?) <DNPD>
:AMAC
:CURRent? <DNPD>
‘FREQuency(?) <DNPD >
:AMDC
:CURRent? <DNPD>
:GNU(?) <DNPD >
:GNI(?) <DNPD >
:STEP(?) <DNPD >

[SOUR]:MODE?
This command returns selected mode of the calib{a@®C | CDC | AMAC | AMDC }.

* CAC — Current AC mode
 CDC - Current DC mode
*  AMAC — Current AC amplifier mode
AMDC - Current DC amplifier mode

Example:
MODE?

[SOUR]:CAC:CURR(?) <DNPD>
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This command sets the output current value in QuA€ mode.

<DNPD>
Parameter represents the value of the output duergmessed in A.

If query is sent, calibrator returns the value ofpoit current using standard exponential format.
Example: 11.012 A is returned as 1.101200e+001.

Example:
Current 23.05A:
CAC:CURR 23.05

Note:
Command switches the calibrator in Current AC mode.

[SOUR]:CAC:FREQ(?) <DNPD>
This command sets the frequency in Current AC mode.

<DNPD>
Parameter represents the value of frequency exqatesdiz.

If query is sent, calibrator returns the value wdgfiency using standard exponential format.
Example: 50Hz is returned as 5.000000e+001.

Example:
Frequency 60Hz:
CAC:FREQ 60

Notes:
Command switches the calibrator in Current AC mode.

[SOUR]:CDC:CURR(?) <DNPD>
This command sets the output current value in @QuiPE mode.

<DNPD>
Parameter represents the value of the output duesgmessed in A.

If query is sent, calibrator returns the value ofpait voltage using standard exponential format.
Example: 11.012 A is returned as 1.101200e+001.

Example:
Current 23.05A:
CDC:CURR 23.05

Note:
Command switches the calibrator in Current DC mode.

[SOUR]:AMAC:CURR(?) <DNPD>

This command sets the output current value in AMAGHe.
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<DNPD>
Parameter represents the value of the output duergmessed in A.

If query is sent, calibrator returns the value ofpoit current using standard exponential format.
Example: 11.012 A is returned as 1.101200e+001.

Example:
Current 23.05A:
AMAC:CURR 23.05

Note:
Command switches the calibrator in AMAC mode.

[SOUR]:AMAC:FREQ(?) <DNPD>
This command sets the frequency in AMAC mode.

<DNPD>
Parameter represents the value of frequency exqut@sdiz.

If query is sent, calibrator returns the value wdgiiency using standard exponential format.
Example: 50Hz is returned as 5.000000e+001.

Example:
Frequency 60Hz:
AMAC:FREQ 60

Notes:
Command switches the calibrator in AMAC mode.

[SOUR]:AMDC:CURR(?) <DNPD>
This command sets the output current value in AMDdzle.

<DNPD>
Parameter represents the value of the output duergmessed in A.

If query is sent, calibrator returns the value ofpoit current using standard exponential format.
Example: 11.012 A is returned as 1.101200e+001.

Example:
Current 23.05A:
AMDC:CURR 23.05

Note:
Command switches the calibrator in AMDC mode.

[SOUR]:GNU(?) <DNPD>

This command sets the gain value in transconduetamplifier mode (AMAC and AMDC).
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<DNPD>
Parameter represents the value of the gain exprasgeV.

If query is sent, calibrator returns the value ofpoit current using standard exponential format.
Example: 5.123 A/V is returned as 5.123000e+000.

Example:
Gain 8.05 A/V:
GNU 8.05

[SOUR]:GNI(?) <DNPD>

This command sets the gain value in current ampliiode (AMAC and AMDC).
<DNPD>

Parameter represents the value of the gain exprasg¢A.

If query is sent, calibrator returns the value ofpoit current using standard exponential format.
Example: 612 A/A is returned as 6.120000e+002.

Example:
Gain 600 A/A:
GNI 600

[SOUR]:STEP(?) <DNPD>

This command sets the output current step valdeMAC and AMDC mode.
<DNPD>

Parameter represents the value of the output dustep expressed in A.

If query is sent, calibrator returns the value ofpoit current using standard exponential format.
Example: 0.5 A is returned as 5.000000e-001.

Example:
Step 0.5 A:
STEP 0.5
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SYSTem subsystem
The subsystem enables to control various functicom the MENU.

SYSTem
:DATE(?) <DNPD>,<DNPD>,<DNPD>
TIME(?) <DNPD>,<DNPD>,<DNPD>
:ERRor?
:REMote
:RWLock
:LOCal

SYST:DATE(?) <DNPD>,<DNPD>,<DNPD>
This command sets system date of the calibrator.

<DNPD>,<DNPD>,<DNPD>
Represents date in format YYYY, MM, DD.

If query is sent, calibrator returns current vabfisystem date in format YYYY,MM,DD.

where YYYY = year (2000..2099)
MM = month (01..12)
DD = day (01..31)

SYST:TIME(?) <DNPD>,<DNPD>,<DNPD>
This command sets time of the calibrator.

<DNPD>,<DNPD>,<DNPD>
Represents time in format HH,MM,SS.

If query is sent, calibrator returns current vatfisystem time in format HH,MM,SS.

where HH = hour (00..23)
MM = minute (00..59)
SS = second (00..59)

SYST:ERR?

Query the multimeter’'s error queue. Detected eravesplaced in the queue. This query returns
the first error from the queue. The queue is tyfaest‘in, first out”. The error is deleted after
reading.

The response is in the form of 'String Program Datad consists of two elements: a code number
and error message.

If all errors are read calibrator returns messatedError”.

In case of overflow the error queue the last emdhe queue is —350,”Queue overflow”. Also the
earliest errors remain in the queue, and the neesint error is discarded.
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Example:
SYST:ERR?

SYST:REM

This command places the calibrator in the remotdarfor RS232 operation. All keys on the front
panel, except the LOCAL key, are disabled.

Note:
It is not possible to send or receive data over323&hen the calibrator is not in remote mode.

SYST:RWL

This command places the calibrator in the remotdarfor RS232 operation. All keys on the front
panel, including the LOCAL key, are disabled.

SYST:LOC

This command returns the calibrator in the localenolhis command is for RS232.
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STATus subsystem

This subsystem is used to enable bits in the Opearand Questionable Event registers. The
Operation and Questionable: Event, Enable and @ondregisters can be interrogated to
determine their state.

STATus
:OPERational
:EVENt?
‘ENABIe(?) <DNPD>
:CONDition?

:QUEStionable
:EVENTt?
‘ENABIle(?) <DNPD>
:CONDition?

‘PRESet

STAT:OPER:EVEN?

This query returns the content of Operational Ciewant register. It is a decimal value which
corresponds to the binary-weighted sum of all §étin the register. Register is cleared after this

query.

Example:
STAT:OPER:EVEN?

STAT:OPER:ENAB? <DNPD>

This command enables bits in the Operational Datbe register. Selected bits are summarized
at bit 7 (OSS) of the IEEE488.2 Status Byte registe

<DNPD>
Parameter represents required value of Operatioai@ Enable register.

If query is sent, calibrator returns the value lté tegistr as a decimal number. Example: 64 is
returned as 64.

Example:
Set bit 1 in the Operational Data Enable regisidrdr bits are 0):
STAT.OPER:ENAB 2

STAT:OPER:COND?

This query returns the content of Operational Comaliregister. It is a decimal value which
corresponds to the binary-weighted sum of all iitde register. Register is not cleared after this
guery. The response to the query therefore repieseninstantaneous 'Snapshot’ of the register
state, at the time that the query was accepted.
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Example:
STAT:OPER:COND?

STAT:QUES:EVEN?

This query returns the content of Questionable [Eatant register. It is a decimal value which
corresponds to the binary-weighted sum of all §éin the register. Register is cleared after this

query.

Example:
STAT:QUES:EVEN?

STAT:QUES:ENAB? <DNPD>

This command enables bits in the Questionable Batdble register. Selected bits are summarized
at bit 3 (QSS) of the IEEE488.2 Status Byte registe

<DNPD>
Parameter represents required value of Questiomdibe Enable register.

If query is sent, calibrator returns the value fué tegistr as a decimal number. Example: 64 is
returned as 64.

Example:
Set bit 1 in the Questionable Data Enable reg(stwer bits are 0):
STAT:QUES:ENAB 2

STAT:QUES:COND?

This query returns the content of Questionable @mmdregister. It is a decimal value which
corresponds to the binary-weighted sum of all initdhe register. Register is not cleared after this
query. The response to the query therefore repieseninstantaneous 'Snapshot’ of the register
state, at the time that the query was accepted.

Example:
STAT.:QUES:COND?

STAT:PRES

This command clears all bits in the Operation DEtable register and in the Questionable Data
Enable register.

Example:
STAT:PRES
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IEEE488.2 Common Commands

I/D (instrument identification)
*IDN?

This command returns the identification of the nfanturer, model, serial number and firmware
revision.

The reply is formatted as follows:
MEATEST,M151,510001,1.22

Operation complete
*OPC

This command sets the OPC bit in the ESR (EventuS®egister) when all pending operations
are complete.

Operation complete?
*OPC?

This command returns “1” to the output queue atepending operations are complete.

Wait-to-Continue command
*WAI

Prevents the instrument from executing any furteenmands or queries until all previous remote
commands have been executed.

Reset
*RST

This command resets the calibrator to its initfatiss.
Test operation

*TST?

This command launches an internal self-test. Retioenself-test result (“0” for pass or “1” for
fail).

Status byte reading
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*STB?

This query returns number in range 0 to 255 witlorimation about content of register STB,
which carries the MSS bit status.

Service Request Enable
*SRE <value>

This command sets condition of the Service Regdaable register. Since bit 6 is not used, the
maximum value is 191.

Service Request Enable reading
*SRE?

This query returns the Service Request Enable Begiamber.
Event Status Register reading

*ESR?

This query returns the contents of the Event Stekgister and clears the register.
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Event Status Enable setting
*ESE <value>

This command programs the Event Status Enableteedi#ts. Parameter “value” is number in
range 0 — 255.

Event Status Enable reading
*ESE?

This query returns the Event Status Enable register

Clear status
*CLS

This command clears the Event Status Registerlan&tatus Byte Register except the MAV bit
and output queue. Output line is not reset.

Operation manual 52




M151 Current calibrator MEATEST

11.4 Standard Status Data Structures

Calibrator meets standard protocol according testhadard IEEE488.2. The protocol can be used
for checking of error and status behavior of thigbcator. It enables single-wire transmitting of
SRQ command. The conditions on which SRQ signab{loontrol request) is sent can be set with
parameters *STB?, *SRE?, *SRE, *ESR?, *ESE?, *ESEIsS.

[PoN[UrRa | cMmE [ ExE [ DDE [ QvE | o [opc| ESR Event Status Register

Read using *ESR?
Output Queue
a4
o
Read using *ESE?
Write using *ESR
| ESE Event Status Enable Register
QSS - Summary Bit (not used)
Sorvloe Y [Ras| ¥ v v 4 Read by Serial Poll
Request |4—<| 0SS Ess [mav [ass| o | o | o | STB Status Byte Register
Generation MSS
i l <4 Read using *STB?
A
-® 4
- p— R @ ¥
IR F Ao @ il
% ] R e Ry PRt v @ v
DRSS ISSRNS IO N S @ 1P
L P ey Lo @ v
SV SSPSSUOTN COPSRPRSTOISTRRURON NSSRUSTOTS SRROUITN IOSPONN DROTNSY SO Read using *SRE?
? Write using *SRE
7] e | 5 | 4] 3] 2] 1] o] SRESericeRequestEnable Register

Status Register Overview

Status data structure contains following registers:

STB — Status Byte Register

SRE — Service Request Enable Register
ESR — Event Status Register

ESE — Event Status Enable Register
Output Queue
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STB Status Byte Register

STB is main register where information from othé&atss registers and from output queue is
collected. Value of STB register is reset aftertswng on the calibrator or after sending
command *CLS. This command reset the STB registee@ bit MAV, which remains set if the
output queue is not empty. STB register value camelad via serial message or through general
query *STB?.

Bit configuration of Status Byte Register:

OSS Operation Summary Status, bit 7. SCPI-defified. OSS bit is set to 1 when the data in
the OSR (Operation Status Register) contains omeooe enabled bits which are true.

RQS Request Service, bit 6. The bit is read astagbatatus byte only when serial message is
sent.

MSS Master Summary Status, bit 6. The MSS bit igsd whenever bits ESB or MAV are 1
and enabled (1) in the SRE. This bit can be reatguke *STB? command. His value is
derived from STB and SRE status.

ESB Event Summary Bit, bit 5. His value is deriieain STB and SRE status. The ESB bit is
set to 1 when one or more enabled ESR bits aite det

MAV Message Available, bit 4. The MAV bit is set tb whenever data is available in the
IEEE488 Output Queue (the response on query igyead

QSS Questionable Summary Status, bit 3. SCPI-dififke QSS bit is set to 1 when the data
in the QSR (Questionable Status Register) contaies or more enabled bits which are
true.

SRE Service Request Enable Register

The Service Request Enable Register suppressdows dhe STB bits. “0” value of a SRE bit
means, that the bit does not influence value of MBSvalue of any unmasks STB bit results in
setting of the MSS bit to the level “1”. SRE biinot influenced and its value is “0”. The SRE
register value can be set via the command *SRBV@t by mask register value (0 — 191). The
register can be read with the command *SRE?. Thister is automatically resets after switching
the calibrator on. The register is not reset byctnmand *CLS.

ESR Event Status Register

Every bit of the EventStatusRegister correspond®rte event. Bit is set when the event is
changed and it remains set also when the evenega$be ESR is cleared when the power is
turned on (except bit PON which is set), and evieng it is read via command *ESR? Or cleared
with *CLS.

Bit configuration of Event Status Register:

PON Power On, bit 7. This event bit indicates thatoff-to-on transition has occurred in the
device’s power supply.

URQ User Request, bit 6. Bit is not used and @hgys “0”.
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CME Command Error, bit 5. This event bit indicateat an incorrectly formed command or
guery has been detected by the instrument.

EXE Execution Error, bit 4. This event bit indicatéhat the received command cannot be
executed, owing to the device state or the comrpanameter being out of limits.

DDE Device Dependent Error, bit 3. This event bdicates that an error has occurred which is
neither a Command Error, a Query Error, nor an Etec Error. A Device-specific Error
is any executed device operation that did not ptgpsomplete due to some condition,
such as overload.

QYE Query Error, bit 2. The bit is set if the cadéitor is addressed as talker and output queue is
empty or if control unit did not pick up responsddye sending next query.

OPC Operation Complete, bit 0. This event bit inegated in response to the *OPC command.
It indicates that the device has completed allctetepending operations.

ESE Event Status Enable Register

The Event Status Enable Register allows one or raveats in the Event Status Register to be
reflected in the ESB summary-message bit. Thisstegis defined for 8 bits, each corresponding
to the bits in the Event Status Register. The E®&tatus Enable Register is read with the common
query *ESE?. Data is returned as a binary-weightdde. The Event Status Enable Register is
written to by the common command, *ESE. Sending*B8E common command followed by a
zero clears the ESE. The Event Status Enable Reggstleared upon power-on.

It suppresses or allows bits in ESR register. Valofe of a bit of ESE register suppresses
influence of appropriate bit of ESR register onueabf sum bit of ESB status register. Setting of
any unmask bit of ESR register results in settihB®B status register. ESE register value can be
modified by command *ESE followed by value of masgister (integer in range 0 —255).
Reading of the register can be performed with conth#ESE?. The register is automatically
reset after switching on. The register is not resgt *CLS command.

Operation Status Register

Not used in the calibrator.

Questionable Status Register

Not used in the calibrator.

Output Queue

The Output Queue stores response messages untiateaead from control unit. If there is at
minimum one sign in the output queue, MAV registeressage available) is set. The Output
Queue is cleared upon power-on and after readlrgigais from output queue.

Error Queue
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The Error Queue stores error messages. They aredpia a “first in, first out” queue.

The queue is read destructively using the queryncand “SYSTem:ERRor?” to obtain a code
number and error message. The query “SYSTem:ERRw@an?’be used to read errors in the queue
until it is empty, when the message “0, No Erroill e returned.
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12 Specification

Uncertainties include long-term stability, temparat coefficient, linearity, load and line
regulation and the traceability of factory and Naél calibration standards. Specified accuracy is
valid after one hour warm up in temperature ranget23 °C. Specified accuracy is one year

accuracy.

DC/AC current (sine amplitude)

Summary range:
Current resolution:
Frequency range:
Freqguency accuracy:

Frequency resolution:

Distortion:

Output terminals isolation:

8 mAto 120 A

5Y dig.

DC, 15 Hz to 1000 Hz

0.005%

0.001 Hz below 500 Hz, 0.@lbElow 1000 Hz

<0.1%
up to 450 Vpk againsts(protective earth)

0 Max. . '
Range /3 value compliance /g value Max. compliance
+ % range voltage (V) + % range voltage (V)

DC 15-40 Hz 40-70Hz |15-400 Hz 400 — 1000
70 — 1000 Hz Hz
0.008000 - 0.300000 4 0.025 + 0.01 8 0.03+0.02 | 0.025+ 0.01 5.5 3.5
0.30001 - 1.00000 A| 0.025+0.01 8 0.03+0.02| 0.025+0.01 55 3.5
1.00001 - 2.00000 A | 0.025 + 0.01 8 0.03+0.02| 0.025+0.01 5.5 3.5
2.00001 - 5.00000 A| 0.025 + 0.01 5 0.03+0.02 ] 0.025+0.01 35 3.5
5.0001 - 10.0000 A | 0.03 + 0.015 5 0.04 +0.02 | 0.03 +0.015 35 3.5
10.0001 - 30.0000 A | 0.035 + 0.015 5 0.05+0.02 | 0.035 + 0.015 3.5 3.5
30.0001 - 60.0000 A | 0.035 + 0.015 5 0.05+0.02 | 0.035 + 0.015 3.5 3.5
60.0001 - 120.000 A | 0.035 + 0.015 5 0.05+0.02 | 0.035 + 0.015 3.5 3.5

When option 151-25 Current Coil is used, add 0.8%¢é accuracy specified in the table above. Outprrent is multiplied by factor 25
depending on applied coil range.

Multimeter
Function Total range Accuracy Resolution / Range

AC voltage < 1 kHz Oaz20V 0.02 % + 0.02 % 180/ 20 V

AC voltage > 1 kHz 0Oaz20V 0.05 % + 0.05 % 180/ 20 V
DC voltage Oaz+20V 0.01 % + 0.01 % 100/ 20V

AC current <1 kHz 0 az 200 mA 0.02 % + 0.02 % 1/\2®0 mA

AC current > 1 kHz 0 az 200 mA 0.05 % + 0.05 % 1/@90 mA
DC current 0 az £200 mA 0.01 % + 0.01 % 1 uA/ 208
Frequency 1 Hz az 10 kHz 0.005 10uHz — 0.1 Hz
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General data

Warm up time:
Operating temperature:
Storage temperature:
Reference temperature:

Temperature coefficient:

Dimensions:

Net weight:

Power supply:
Power consumption:
Safety class:

Operation manual

15 min
g ... +40°C
-2C ... +55°C, humidity < 90 %
+20 ... +26°C

0.1x /°C (in range 13°Q21°C and 25°C ... 33°C)
W 538 mm, H 283 mm, D 540 mm
42 kg

115/230V - 50/60 Hz

max. 2000 VA

I, according EN 61010
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13 Accessories

M151 Basic accessories (included in delivery)

* Power line cord
e User’s manual
» Testreport

e Spare fuse

e RS232 cable

Options (extra ordered)
e 151-25
 |EEE488/IEEE488
» Caliber

Manufacturer

MEATEST, spol.sr.o
Zelezna 509/3, 619 00 Brno
Czech Republic

59

1pc
1pc
1pc
1pc
1pc

Current coil 25-turns

GPIB cable, 2m

Universal application SW for instruments
calibration.

tel: +420 5432886
fax: +420 543 250 890

meatest@estatz
www.meatest.com
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