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1. Basicinformation

M550 Impedance calibrator is a test device desigoedCR meter verification and calibration. The
calibrator integrates partial resistance standardgcade series in the range of values from 100umto 100
MQ, capacitance standards in range 10 pF to 100 dlndnctive standards in the range 10 pH to 16d4.
test leads and unit under test electrical zero emsgtion the calibrator is equipped with refergmastions of
short-circuit terminals SHORT and open-circuit terats OPEN. Summary frequency range covers bamd fro
20 Hz to 1 MHz, however some partial standards hawer applicable frequencies. Partial standardtufe low
temperature coefficient, excellent long term stabénd low frequency dependency.

The calibrator offers two banks of standards. Tleeenaccurate bank is equipped with four output BNC
connectors. Itis aimed for calibration of LCR erstbased on auto-balancing bridge principle ulsingpair-
terminal technique (4TP) of test terminal connettibhe second bank (4W/2W) is equipped with 4mnpatut
banana terminals. The bank is aimed for calibratiihCR meters based on |-V method with non-coatdat
terminals. Practically this bank can be used in-foine (4W) or two-wire (2W) measurements.

M550 has a built-in test signal level meter whielm ©e easily used for verification of test signaltage, current
and frequency. Large front panel color graphic Ldifplay show parameters of a selected standardpset
configuration, calibration data accuracy and arotiseful information.

Impedance calibrator should be periodically recalibdd. Recommended recalibration interval is 1.yéaternal
calibration data are accessible via front panebkayd. Calibration memory is protected with a aaliion
password.

All functions of the calibrator can be controlleg IEEE-488 interface or via RS-232 serial line.
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2. Preparation for operation

2.1 Inspecting package content, selecting the itistizon location

Basic package includes the following items:

e M550 Impedance calibrator 1pc

e Mains supply cord 1pc

e Coaxial cables BNC-BNC 4 pcs

e Test lead banana-banana 4 pcs
e Adaptor BNC/banana 4 pcs

e Operation manual 1pc

e Spare fuse 1pc

e RS232 cable 1pc

e Testreport 1pc

The calibrator should be powered by 230/115 V -68®4z mains. It is a laboratory instrument whose
parameters are guaranteed at2%C. Before powering on the instrument, place it deval surface. Do not
cover the vents at the bottom side and the faningext the rear panel.

2.2 Power-on

Before connecting the calibrator to the mains, klke position of the mains voltage selector lodatethe rear
panel. Select either 115V or 230V position accadmyour nominal mains voltage.

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

«  Switch on the mains switch located at the rear p&@D display is lit.

*  The calibrator performs internal hardware check$feeconds. During initialization label M550
Impedance calibrator is displayed.

« After the test is finished, the calibrator resetits reference state, i.e. the following paranmetee set:

Bank of standards ATP (coaxial output)
Function Resistance standard
Nominal value 10@

Frequency 1 kHz

Displayed parameters sRLs

Equivalent circuit series

Meter function ON

Correction OFF

Output terminals OFF

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

2.3 Warm-up time

The calibrator works after it is switched on and thitial checks complete. Specified parametersggasranteed
after the instrument warms up for 10 minutes.
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3. 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. pefetnsured by the design and by the use of specif
component types.

The manufacturer is not liable for the damage ahbisemodification of the construction or replacemeiparts
with non-original ones.

Safety symbols used on the equipment

Warning, reference to the documentation

Warning - risk of electric shock
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4. Description of control
4.1 Front panel

M550 front panel is equipped with TFT color displagntrol buttons and output terminals.

One-touch function

Output terminals Displa Numerical keypad ‘
| piay yp button: System buttons

| | :

ouTPUT L-C-R PARAMETI:RS

M550 Impedande Calibrator

Grounding terminal

Mode selection

Guarding terminal <
g Soff button Rotary knob Output ON/OFF

Fig. 1 Front panel

1. Output terminals

Calibrator contains two sets of output terminalsttBsets are electrically isolated from each other.

4TP coaxial BNC output for calibration of BNC termirlaCR meters. Shielding of the BNC connectors
is isolated and connected together inside the lmdrdtandards in one point to obtain the lowest
frequency dependency. 4TP output is suitable fdibredion of LCR meters with coaxial input
connectors.

Note: The shielding of the output terminals is gaitvanically connected to any metal part of the
device!

4W/2W  4mm banana non-coaxial output for calibratiofiooi and two wire LCR meters. While in 4W mode
all four terminals are applied for DUT connection 2W mode only Hyg and Lgyg terminals have
defined impedance parameter.

Note: In 2W mode both ddr — Lcur @and Hot — Lpot terminals are connected to internal partial
standard however calibration values are definedueein Hyr — Lcur terminals.

Meaning of individual terminals is as follows:
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Hcur high source current terminal
Hpot high sense voltage terminal
LpoT low sense voltage terminal
Lcur low sense current terminal
GUARD Guarding terminal. It is connected to shieldinghef 4TP coaxial output connectors. It has no

function in 4W or 2W mode.

GND Grounding post is joined to metal parts of housing to protective earth in power line socket.

2. Soft buttons

There are five buttons below the display, which nirega changes depending on the content of the displaese
buttons usually call up local menu with parameteetting, modes, etc. or enable to close currerpigned
function or menu.

3. Rotary knob

The rotary knob integrates several functions. Bying the knob to the left or right, the user can:
« step through the options in menus

» select L-C-R partial standard according to its mahvalue
e enter numerical values

When making a menu selection, pushing in on thebkaaequivalent to pressing the SELECT soft key.ewh
editing a number, pressing in on the knob will stvitbetween moving the cursor between characters and
changing the selected character’s value. Arrowscalnove and below the selected digit indicate whicthe

two modes are active.

4. Numerical keyboard

The keyboard allows writing the numerical valuesttom display directly. ENTER button is used to d¢anfthe
selection. CANCEL button is used to cancel theyentr

5. L-C-R Parameters (one touch function buttons)

Function buttons can be used to call up the funstiof the calibrator directly. The following but®mre
provided:

Function Key
Resistance bank selection R
Capacitance bank selection C
Inductance bank selection L
External standard EXT
Reference SHORT SHORT
Reference OPEN OPEN
Correction ON/OFF CORR
Z or Y parameters displaying ZIY

Tab.l. List of one touch buttons
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6. System buttons

Group of buttons enable access to system parameters

Function Key
Entering to main setup menu MENU
Return from remote mode to local mode LOCAL
Activation of internal meter ot test signal level /UF

Tab. Il. List of system buttons

7. Terminals selection & ON/OFF buttons

The buttons enable selection one of two outputeed TP or 4W/2W and switching output terminals ORF.

Function Key

Four terminal pair coaxial output selection 4TP

Four/two wire banana output selection AW/2W

Output terminals ON/OFF OPER
Tab. lll. Mode selection
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8. Display
Date Remote/local mode
i_ndication

Bank of standards.. [

1 : Output ON/OFF status
g i @0
Calibration values RS L ]. [][] ' [][][] .[I-I]. corr 4l g, g 4 Selected
_ tput
> " @0 outy
I_S ] 52 . 3 nH 2l © 0 Pe——— | terminals
. . H.B2 ¥ . .
Calibration values > [Z21: 1AA.BBB Q@ A: @.HERAZ ° — Calibration
in Z/6 format . Bs Ls AUX"'Z{Y uncertainty
requency: 1.HBHAE kHz v parameter
/reSt uoltage: Mai et field
- ain parameter
/ field ! Status
Frequency TE'S‘|: current: ---- F/li D i >
i Un -~ information
DUT test Signal ] Soft button line
level T
Fig. 2 Display

Display buttons description
The display has several separated fields with fatlg information displayed:

Information line:
* type of selected bank Resistance, Capacitancectawce
e current date/time. Displaying of the date and teae set to be hidden in setup menu.
* local/remote mode status indication

Main parameter field:

< both main complex parameters of selected standasdlécted frequency point including type of
displayed values. In the upper line primary paramen the bottom line secondary parameter is away
displayed.

» indication of function CORRECTION ON or OFF. SymbBobrr” is displayed beside the main
parameter if Correction is ON.

e Z/8 normalized polar format calibration values of seéected standard

« selected (or measured) test frequency

e measured test voltage and frequency sourced by DUT

e calculated test current

Auxiliary parameter field:
e status of output terminals ON or OFF
« selected output terminals and basic mode 4TP o2¥W\ihdication
« calibration uncertainty of the selected standase#cted frequency
« parallel or serial equivalent circuit of the dispgd calibration values
< working mode of built-in test signal level meter (@QNF
Soft button line:
» soft buttons description. If there is no descriptdove soft button, the button is not active ircted
function.

Colors on display

Common rules are used for an applied color of kbatl values.
« red color is applied, when displayed value is messby M550 calibrator.
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* blue color is applied for parameters or valuescivliian be set up or modified

« black color is used for fixed values, labels, nppsgsameters which cannot be modified and for other
fixed text with a general information purpose.

4.2 Rear panel

Rear panel includes ventilation hole, power lineksd, power line fuse and power line voltage select
115/230V integrated in power entry module, integfaonnectors GPIB, RS232, metal central groundog} p
and four coaxial connectors for external standandction EXT).

‘i
N

© O O Qe—Fg—-

RS-232 |EEE-488

0O
T I

Fig. 3 Rear panel

forced ventilation holes

GPIB, RS-232 connectors

central grounding post

power entry module with power line switch, powee with fuse and voltage selector
model plate

EXT input with four BNC connectors

OO WNPE
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5. Principle of operation

M550 Impedance calibrator is designed for calibratf LCR meters. It contains partial standardsesistance,
capacitance and inductance of fixed decimal valiis.calibrator offers two outputs:
- 4TP coaxial output for calibration of LCR metersiethare equipped with BNC coaxial terminals.
- 4W/2W 4 mm terminal output for calibration of nooaxial LCR meters with 2 or 4 banana input
terminals. 4W/2W output offers two-wire or four-@iconnection.

Overview of available modes, displayed parametgplicable ranges and frequency bands is shovabie V.

5.1 Terminology

Important factor in impedance calibration is cotr@mnnection of test cables between source of atandhlue
(like M550 calibrator) and DUT. Four cables typlgalsed for the connection have specific purposkeranst
not be swapped. M550 operation manual uses forigésa symbols Hyg, Hrot, Lrot, Lcur hOwever some
LCR meter manufacturers use different symbols. & &lshows equivalency of those commonly used sysabo

LCR meter / M550 terminal Syl useq n Another version used by some LCR
e M550 operation
description meter manufacturers
manual
High current source terminal dok Hi Hc
High voltage sense terminal pbh Hy, He
Low voltage sense terminal pb1 Ly He
Low current sense terminal clr LiLc

Tab. IV Symbols
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Mode Out'put Type of R/CL range | Applicable fr*equency Connection Celleriion Displayed parameter pairs Application
terminals standard range values
Rs-Ls, Rs-Cs
Resistance | 0 to 100M2 20Hz to 1 MHz Separated Rp-Cp, Rp-Lp G-B, R-X
4TP ﬁfor Z-0, Y-0
Capacitance| 100pF to 100F 20Hzto 1 MHZ  Coaxial Cp-Rp, Cp-Gp 4 terminal coaxial LCR
4TP CORR ON S
Hcur — Heot 4 x BNC Cs-Rs, meters calibration
Lror— Leur and Cp-D, Cs-D
CORR OFF 70, Y-0
Inductance 10pH to 10H 20 Hz to 100 kHz Ls-Rs,Ls-Q
Rs-Ls, Rs-Cs
Resistance | 0Qto 100M2 | 20 Hz to 100 kHZ® Separated | Rp-Cp, Rp-Lp G-B, R-X
AW/2W .
4 x banana for Z-0, Y-0 4 terminal banana
4w CORR ON Cp-Rp, Cp-Gp LCR meters
ECUR—_ FPOT Capacitance| 100pF to 100F 20 Hz to 100 KHz and Cs-Rs, calibration
POT™ -CUR b P H CORR OFF Cp-D, Cs-D
Z-0, Y-0
" *2
W AW/2W Resistance | 0Q to 100MQ 1 kHz ) banana corrNe(;tion R 2 terminal banana
Hcur— Leur | Capacitance| 100pF to 100(4F 1 kHz"? ~vailable C LCR meters calibration

Tab.V Modes of operation

"1 Applicable frequency range may not cover alliphstandards, see full specification for details.

"2 Applicable frequency range is wider however aaliion value is defined only at 1 kHz frequencypitpl applicable frequency range is form 20 Hzpprax. 1 kHz.
"3 Calibration uncertainty is guaranteed at freqyenkHz. In full frequency range 20 Hz to 100 kHilration values considering typical frequencyreleteristic are displayed.

Operation manual v 2
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5.2 4TP Four terminal pair standards

521 Internal partial standardsdescription

ATP coaxial block consists of standards with cdaodanection of partial standards, coaxial SHOR® eoaxial
OPEN positions. The block contains resistance baagacitance bank and inductance bank. Resistamte a
capacitance partial standards are formed by simglistance and capacitance components. Only neséstalue
100 MQ is designed as simulator of T-resistance type:

Re Re

Lpot, L
Hcur, Hpot POT =CUR

Rb

O O
guarc

Fig. 4 T resistance network
with simulated resistance,R= 2*Ra + R&/Rb

Inductance bank does not contain any physical itmlscAll inductance values are simulated usingetwork of
RC type

R R
o—1 1 O
|
HCUR: HPO'I I LPOTu LCUR
| C
O O
guarc

Fig. 5 T inductance network
with simulated serial inductance valug L= C *R; and quality factor Q ®*C*R/2. Application of simulated

inductance standards is limited to LCR meters whigh four terminal pair technique (4TP).

Partial standards are connected to the output netsusing signal relays which switch both sigmal ahielding
wire in all four terminals lJyr, Hrom Lrom Lcur. Coaxial connection of measuring traces insiéectdibrator is
made of coaxial PTFE 2 mm cable. Components aegdlan printed circuit boards with RF strip linesig.
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The following types of components are used in iiligl positions:

Resistance
Nominal value Type of segment

0.1 Ohm Foil resistor
1 Ohm Foil resistor
10 Ohmii Foil resistor
100 Ohnii Foil resistor
1000 Ohni Foil resistor
10k Foil resistor
100k Foil resistor

1M Wraparound resistor

10M Wraparound resistor

100M T network 10MR - 1.25MQ2 - 10MQ

Tab. VI 4TP Resistance

Capacitance

Nominal value Type of segment / dielectricum
10 pF ceramic chip COG
100 pF ceramic chip C0G
1000 pF ceramic chip C0G
10nF ceramic chip C0OG
100nF ceramic chip COG
1uF ceramic chip COG
10uF compensated foil capacitor / polyproplen+pstige
100uF compensated foil capacitor / polyproplen+psigr
Tab. VII 4TP Capacitance
Inductance
Nominal value Type of segment
10uH T-network 58 - 33nF — 58
100uH T-network 10Q - 10nF - 10
1mH T-network 318 - 10nF - 316
10mH T-network 318 - 100nF - 31
100mH T-network 1k - 100nF — 1k
1H T-network 10k - 10nF - 10k
10H T-network 10k - 100nF - 10k

Tab. VIII 4TP Inductance

5.2.2  4TP connection of theimpedance calibrator to DUT

The four—terminal pair method is applied in manyR.@eters which use coaxial inputs. It solves pnoislevith
mutual coupling among test cables. The reversetestnt flows through shielding of the currentxiahcables
and so it eliminates an effect of the magnetic flavising as measuring current flow though inneremnt
conductors sequence. The function of individualneators on calibrator side and on checked LCR naetevell
is un-exchangeable.
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LCUR LPOT HPOT HCUR
.

a

T T T

o —

Fig. 6 Principle of 4TP test lead connection

The 4TP measurement circuit outer conductorssifument’s Hyr, Heot, Lpor, and leyg terminals are

isolated. By connecting the outer shielding condrigcto each other at the ends of the coaxial catilesurrent
loop is formed. The test signal current flows thglothe inner conductor of thecpk cable, to the DUT, and the
inner conductor of yr cable, and then returns to signal source throbnglouter shielding conductors of the
Lcur @and Hyr cables. Since the same current flows in opposieziions through the inner and outer conductors
of the coaxial cables, the magnetic flux generatethe inner conductor is cancelled out by thahefouter
shielding conductor, as shown in Figure 3-8 (e)aAesult, the mutual coupling problem is elimiatéhe 4TP
configuration can improve the impedance measurenagigie to below 1 @. The measurement range achieved
by this configuration depends on how well the 4BRfiguration is strictly adhered to up to the castien point

of the DUT.

Use four coaxial test leads to connect Impedaniiierator to unit under test, see fig. 7.

Note:  Shielding conductors of the coaxial testleatnust be connected neither to each other ngrdaand
potential GND. If the shielding conductors are imderconnected properly, accurate loop current does
not flow through the cables and, as a result, tleasarement range will be limited, or in some cases,
measurements cannot be made.

Shielding conductors of the front panel BNC conmecare interconnected inside the calibrator. Do
not allow any other connection of the shieldingaactors !

Note: Some types of LCR meters and LF impedandgzana do not meet requirements of four terminal pa
principle, especially in connection of shieldinghdactors. This can result in unexpected deviatmins
impedance measurements on higher frequenciesatiypabove 100 kHz.

Non correct interconnection of the coaxial testlealyesults in sensitivity of mutual position dffalr
test cables to result of measurement, typicallyesfuencies above 100 kHz.
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DUT LCR meter

L-C-R PARAMETERS

Fig. 7 DUT connection in 4TP mode
ATP technique is mostly used in modern LCR mefgypical feature is 4 coaxial input terminals usyédbeled
Hi (or Heur), Hu (0f Hpor), Ly (OF Leo), Li (O Leur)-
Example of LCR meters with four terminal pair coctien:

* HP/Agilent 4263B, 4268A, 4275A, 4274A, 4284A, 4A7@277A, E4980A,
*  WAYNE-KERR 3255B, 6425, 6430, 6440, 6450, 6500B
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53 4W/2W Two/four wire standards

5.3.1 Internal standardsdescription

4AW/2W non-coaxial block of standards consists afkbaf resistors and a bank of capacitors The 4WIRb¢k
is fully separated from the coaxial 4TP block, etoealues 10 pF and 100 pF which are shared in dadRial
ATP and non-coaxial 4W/2W modes. The 4W/2W bloakt@ins only two terminal partial standards. No rodth
of simulation is applied.

Range of resistor standards is from (1o 100 M2, range of capacitance standards is limited frofx 4B to
100 uF.

The following types of components are used in imligl positions:

Nominal value Type of segment
0.1 Ohm Foil resistor
1 Ohm Foil resistor
10 Ohnti Foil resistor
Foil resistor
100 Ohnii Foil resistor
1000 Ohni Foil resistor
10k Foil resistor
100k Foil resistor
1M Wraparound resistor
10M Thin-layer metal resistor
100M Thin-layer metal resistor

Tab. IX 4W/2W Resistance

Nominal value Type of segment/dielectric

100 pF ceramic chip C0G

1000 pF ceramic chip C0G
10nF ceramic chip COG

100nF ceramic chip C0G
1uF compensated foil capacitor/ polyproplene+pdgres
10uF compensated foil capacitor/ polyproplene+xibe
100uF compensated foil capacitor / polypropleneygster

Tab. X 4W/2W Capacitance

5.3.2  4W Four wire connection of the impedance calibrator to DUT

4W connection is mostly used in older LCR metetseyThave typically four non-shielded banana terisina
the front panel. Accuracy of these meters is olslipworse than an accuracy of 4TP meters and frexyuange
is limited to approx. 1 kHz.

The four-terminal method reduces substantiallyuigrfice of test cables between the Impedance calitaad
DUT. The four-terminal connection is suitable t@ fiom impedance values abo@.1When measuring on
lower impedance values the result of calibratiam lza distorted by mutual feedback between curneditvaltage
conductors, especially in mode when higher meagwimrent is used. The impedance calibrator is ectad by
four standard cables. This connection is not slédtédr measuring with frequency higher than 1 kHawever
even at lower measuring frequency use it is swetadkensure minimum feedback among current andg®elt
conductors. At measuring values lower thanQ ®0s recommended to twist both currerf k — Hoyr and both
voltage lpor— Hpot Cables, at measuring of values overQ@ables kot — Lcyr and Hor— Heur
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Four wire and two wire connection has limited calitéds to avoid stray parameters, and influencéest lead.

DUT LCR meter

-----

Fig. 8 Four wire connection

5.3.3 2W Two wire connection of theimpedance calibrator to DUT

This way of the Impedance calibrator connectiothtotested LCR meter is the simplest method howiever
influenced by a lot of factors resulting in woessuracy comparing to four-terminal or four teratipair
method. To the measurement result there are addad &y series resistance and inductance ofdasisland
parallel capacity and conductance between thegadd. The two-terminal connection is normally aggbbnly
in case when a high accuracy of calibration israquired. The calibrator is connected by singlelessls to the
Hcur and Leyr terminals. M550 calibration data does not offesideal parameters correction (OPEN and
SHORT) at all in this mode. Partial standards ar@ble for application only bellow 1 kHz.

DUT LCR mete

o=
M550 /mpedance Calibrator
Heunl J o icon
..,.J_ OZ&.
Lo n . O tevn
o @

Fig. 9 Two wire connection
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6. Control of the calibrator

6.1 Partial standard selection

Any of built-in partial standards can be connedmdhe output terminals and appropriate calibratiata is
displayed on the display.

a. L-C-R mode selection

After pressing one of the buttons R, C, L the calibr switches to the selected mode resistancectapce or
inductance, sets the last set-up standard andagisspts calibration values. Whenever function isrgded,
calibrator remains with output terminals on untilitut ON/OFF or Terminals selection button is pashe
Selected bank is indicated in top line of the digpl

b. Partial standard selection

In any function and mode one of available partiaihdards can be chosen. Selection is possible énabn
following ways:
* by typing nominal value of the requested standarchfnumeric keyboard. When non-correct value is
entered, calibrator selects that standard whichteaslosest value to the entered value.
e using rotary button.
Push OPER button to connect the selected pardiatiatd to the output terminals.

c. Displayed parameters setting

Use PARAM soft button to modify type of parametpesr to be displayed as calibration values. Aftestpng
the PARAM button list of available parameter pagrglisplayed in rolling window. Select requested paing
rotary button and confirm by pushing the soft batBELECT.

Note: List of available parameters contains onbgfuently used parameter, see Tab. V.

d. Frequency selection

Push the soft buttoRREQ to change frequency. Window for frequency emeappears.

- Type the requested frequency and confirm with lsofton Hz, kHz or MHz. Calibration data is shown
on the display. Output terminals will stay ON orf#uring changing the frequency depending on
previous status. If frequency out of specified €rexacy range is entered calibrator will show error
message “Frequency too high.” or “Frequency toa’low

- Another way of frequency setting is available ugimg rotary button. Push the rotary button. Arrows
above and under the active position appear enatdiogange the active position. Push the buttomaga
to set requested value.

6.2 Output terminals ON/OFF

Push the OPER button to switch output terminalsidwe. selected partial standard is available abthput
terminals either coaxial or banana terminal dependin the selected mode 4TP or 4W/2W. Status oftitygut
terminals is shown on the display with following aning:

OuUTPUT output terminals OFF

QUTRU .
output terminals ON

6.3 Change of the bank mode 4TP to 4W/2W

ATP coaxial mode is setup as default after switgloim. Partial standards are available on coaxigduiu
terminals. Symbols in Auxiliary parameter windowlicate position of these active output terminaissH
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4AW/2W button to switch over to 4W/2W mode. SwitcRER button. Now selected partial standard is caedec
to banana 4 mm terminals in 4W mode. Indicatedtiposof the active terminals has been changed.

Push the 4W/2W button again. Calibrators goes tw/8kV two wire mode. Auxiliary parameter window siso
active terminals again.

6.4 Correction ON/OFF

Using CORR button calibration values of selecteshdard with or without correction can be displayed.
Correction function is available for 4TP and 4W mo@8W mode does not have this option.

When CORR ON mode is selected, calibrator showbredion values relatively to internal referencesipions
SHORT and OPEN. When CORR OFF is selected, califoranlues are defined in plane of output termarad
without any SHORT/OPEN compensations.

Push the button CORR to display calibration valuis corrections. Symbol “corr” is attached to thain
calibration value on the front panel display. Ptishbutton CORR again to switch off correctionan8yl
“corr” disappears.

Open/Short/L oad correction technique

Open/short/load compensation is an advanced corapengechnique that can be applied to minimiziuerice
of residual parameters. To carry out the open/8bad compensation, three measurements are recugfede
measuring the DUT, with the test fixture termingened, shorted, and with a reference load cormhéatBUT.
Follow instructions of LCR meter — DUT for correximpensation.

In the lower frequency region, using the open/shompensation function can minimize most of teatlle
residuals. In the RF region, practically for freqaies above 50 kHz however, this is not enougledoce the
effect of the test leads residuals. The wavelenffRF frequencies is short and is not negligiblmpared to the
physical transmission line length of the test leaid calibrator internal connection. A phase shifticed error
will occur as a result of the electrical lengthvbetn DUT and partial calibrator standards. Thisrecannot be
reduced by using open/short compensation. The phafiean be compensated using LOAD correction.

Note: LOAD correction makes sense to use only iTBUW.CR meter is equipped with LOAD correction
function.

Note:  There is no difference in connection betw@®RR ON and CORR OFF in M550. The only difference
is in displayed calibration values.

Note:  Calibration values CORR ON and CORR OFFditen identical. Slight differences can be visible
between the values especially at higher frequencies

Relation between CORR ON and CORR OFF calibration values

Calibration values of type CORR ON and CORR cafedilepending on type of partial standard connactio

mode (4TP, 4W, 2W) and frequency. The differendeveen these CORR ON and CORR OFF calibration

values is given by influence in internal OPEN/SHORTerence position parameters and typical diffeeen

caused by electrical length of internal coaxialedaly.

Simplified equation shows the structure of differen

Zcorr ofF = Zcorront 1Yopen+ ZshorT T Zifterence

Where Z0RR OFF is by M550 calibrator calculated calibrationueaCORR OFF
ZCORR ON is source calibration value saved in M550 ealion memory
Y opeN is residual admittance parameter of m550 esieg position OPEN
ZsHORT is residual impedance parameter of M550 refergosi#tion SHORT
Z gifference is typical difference of partial standard for CORRI and CORR OFF mode.
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6.5 SHORT/ OPEN

SHORT and OPEN corrections are mostly applied cosgions made in LCR meters to improve accuracy in
low impedance range (SHORT) and high impedanceeré@§EN).

To simplify calibration of LCR meters M550 caliboatis equipped with both of these reference passtio
enabling compensation without disconnection of id™M550. The positions can be selected by pustiiag t
buttons OPEN or SHORT. Those output terminals laoeted or opened depending on which mode 4TP or
4W/2W is selected. Status of the calibrator iséatkd by OPEN or SHORT label displayed on the displ

Residual parameters of OPEN/SHORT positions areifgge in chapter Specification. OPEN and SHORT
parameters are not specified in 2W mode.

Note: When OPEN or SHORT corrections are seleictednal signal level meter readings are not avhi&a

6.6 External input

The calibrator contains four additional BNC conpedbcated on the rear panel. Using the connectogs
external standard can be connected to the calibaaththrough the calibrator to the front panepatiterminals.
The feature can be useful when a special valutaafiard is requested for automatic calibration OflB.
Parameters of the external standard cannot beewsditd saved in the M550. Interconnection betweanpanel
coaxial connectors and front panel 4TP connectarranged in four-terminal pair technique, i.e Hogignal and
shielding wires are switched separately for alf fiauminals.

6.7 Z/Y switch

Calibrator front panel display shows the selectedigl standard calibration value at selected fesgy and in
selected pair of main parameters. Under the mamnpeters normalized calibration value is alwagpldiyed in
exponential form either impedance |Z|° @ admittance |Y| . #. The Z/Y button enables to change indication
from impedance to admittance form.

6.8 Meter operation

By pushing the button Meter ON in System buttoekifinternal voltmeter & counter can be temporarily
activated to measure DUT test signal level. Aftestpng the button the meter is connected for apf®econd
to the Hyr — Lcur Output terminals. During this time the meter measa test signal level sourced from DUT -
LCR meter and displays live readings of the meastrexjuency, test voltage, and evaluated test ourre
Measured values are displayed in red color. Fregueannot be manually changed during this periathen the
time interval has elapsed, readings are frozemgshaolor to blue and appropriate calibration valokthe
selected partial standard at frequency just medsaneedisplayed. New test signal level and frequeneasuring
can be launched by pushing the ON button or negufacy can be entered manually.

Internal level meter always measures test sign@hose output terminals which are selected in nesdection,
either 4TP or 4W/2W terminals.

Meter function can be disabled using METER iterthij main setup menu.

Note: Calibration values of a selected partiarsiard shown on the display are not valid duringqewhen
meter is connected to the output terminals. Metgninal input impedance is 100k
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6.9 Main MENU
Press the MENU button to enter to main system MENU.

6.9.1 General Menu
Submenu contains basic parameters of display aylibked.

a. Volume 0..15

This parameter sets the beeper volume. Rotaryrbottaumerical keyboard allow to set the valuehmtange of
0 to 15.Press the Writsoft key to set the beeper volume and return t&#eeral menu.

b. Brightness 0..7

This parameter sets the display brightness. Rdattpn or numerical keyboard allow to set the vatughe
range of 0 to 7. Press the Write soft key to setdikplay’s brightness and return to the Generalune

c. Phase unit deg/rad

Polar parameters can be displayed with phase anglessed either in degrees (deg) or radians (rad).

d. Beeper ON/OFF

This parameter enables / disables the signalizatignessed key. Possible states are ,Beep On’,Beep Off*.
Press the Select soft key or press the rotary kmgbt the selected state.

e. Password setting XXXXX

This item enables to change the calibration passwoalibration password is a five-digit number whraust be
entered to access the calibration mode. Defaulbfacalibration password is set to “55000”. Selbet
Password setting to change the code. You will lbenpted to enter the currently valid calibrationgvesrd. Use
numerical keyboard and confirm with ENTER buttormvwNchange of the calibration password can be peddr
Rotary knob or numeric keyboard allow setting thtue in the range from 00000 to 99999.

Note: Itis advisable to write down the actual badition code if changed. If you forget the caliliwatcode,
you have to send the calibrator to the manufacturer

f. Time HH:MM:SS

Setting the real time. The parameter can be chamgjed rotary button or numeric keyboard.

g. Date DD:MM:YYYY

Setting the date. The parameter can be changeg tary button or numeric keyboard.

h. Date/Time ON/OFF
The item enables or disables displaying the DatieTame values in Information field.
i. Device Information

Viewing the device information. It displays sem@mber and firmware version.

6.9.2 InterfaceMenu
Submenu contains remote control parameters.

1. Active interface
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Sets the type of interface used to remote contmldalibrator. By selecting an item from the IEEE488 or
RS232 can be selected. The calibrator can be rgmuatetrolled only using the selected interface.

2. |EEEA488 address

Sets IEEE488 (GPIB) address of the calibrator. Rrdbaitton or numerical keyboard allows to set théug in
the range of 0 to 31. Press the WHtdt key to set the address and return to thef@ermenu. Address 02 is set
by the manufacturer.

3. Baud rate

Sets the communication speed of RS232 bus. Bytsalean item from the list 1200, 2400, 4800, 9609200,
38400, 76800 or 115200 Bd the desired rate cainbsen.

6.9.3 Meter

Submenu contains setting of built-in volt meteodister to position:
« Off meter is disabled
e On reading of meter is enabled

6.9.4 Calibration

Access to calibration memory is enabled throughiteim. See chapter 8. for detailed information.

6.10 Local/Remote operation

By pushing the LOCAL button the calibrator can aéched over to local control mode while in remotede.
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7. Calibration of LCR meter

7.1 LCR meter calibration with four terminal pairannection (4TP)
Application without SHORT/OPEN/LOAD corrections

a. Connect LCR meter to M550 calibrator using BNC-Bblfzixial cables from M550 accessory.
Use M550 4TP output. Make sure to connect corredipgrterminals (ur, Hrom Lrot Lcur)
correctly.
Select requested frequency, test level and parasiet®UT LCR meter
Select 4TP mode in M550 using 4TP button.
Select requested bank of standards using R, L tGrix
Select requested partial standards using either

a. Rotary button

b. Typing of nominal value of partial standard on nuca keypad
Select requested pair of parameters and frequen@pb0. Optionally, use test signal level
meter to measure test frequency, see chapter i7déefails.
Push OPER button to switch the output terminals ON.
Compare reading of DUT with displayed calibrati@ues in M550 calibrator.

coooT

o

Q@

Application of SHORT/OPEN/LOAD corrections

When calibration with SHORT/OPEN/LOAD correctiosséquested perform before measurements the
corrections:
i. SHORT correction
a) Push SHORT button on M550 calibrator. M550 disglhgws SHORT label.
b) Push OPER button to switch M550 output terminals ON
¢) Use instructions in DUT operation manual to makéO& correction.
ii. OPEN correction
d) Push OPEN button on M550 calibrator. M550 digglaows OPEN label.
e) Push OPER button to switch M550 output termiQais
f) Use instructions in DUT operation manual to makée®Rorrection
iii. LOAD correction
g) Perform LOAD correction of DUT if it is equipped thiit. Follow
instructions described in DUT operation manual.

7.2 LCR meter calibration with four terminal connéion (4W)

a) Connect LCR meter to M550 calibrator using banasmaaba test cables. Use M550 4W/2W
output. Make sure to connect corresponding termiftddyr, Hrot, Lrom Lcur) correctly.
b) Select requested frequency, test level and parasiet®UT LCR meter
c) Select 4W mode in M550 using 4W button.
d) Select requested bank of standards using R, L tGrix
e) Select requested partial standards using either
(1) Rotary button
(2) Typing of nominal value of partial standard on nuicsd keypad
f) Select requested pair of parameters and frequengpb0. Optionally, use test signal level
meter to measure test frequency, see chapter i7déefails.
o)) Push OPER button to switch the output terminals ON.
h) Compare reading of DUT with displayed calibrati@ues in M550 calibrator.
When calibration with correction SHORT/OPEN areuesied perform it before measurement:
i) SHORT correction
a) Push SHORT button on M550 calibrator. M550 dispglagws SHORT label.
b) Push OPER button to switch M550 output terminals ON
c) Use instructions in DUT operation manual to mak&®&T correction.
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i) Perform OPEN correction
d) Push OPEN button in M550 calibrator. M550 displagwss OPEN label.
e) Push OPER button to switch M550 output terminals ON
f) Use instructions in DUT operation manual to makd&=@FRorrection

7.3 LCR meter calibration with two terminal connech (2W)

a)

b)
<)
d)
e)

)

Note:

Connect LCR meter to M550 calibrator using two menbanana test cables. Use M550
4AW/2W output. Make sure to connect correspondingiteals (Hyr, Lcur) correctly.
Select requested frequency, test level and parasiet®UT LCR meter

Select 2W mode in M550 using 4W/2W button.

Select requested bank of standards using R, Ltf0ris) parameter pair and frequency
Push OPER button to switch the output terminals ON.

Compare reading of DUT with displayed calibrati@ues in M550 calibrator.

Correction function and reference positi@4ORT/OPEN are not available in 2W mode.

7.4  Application of signal level meter

Test signal voltage and frequency can be measurectlg when M550 meter of test signal level meser
activated. Activation can be setup in SETUP menu.

a)
b)

<)
d)

e)

Push the button METER ON. M550 starts to measuatestgnal.

Test voltage line on M550 display becomes red ettitig in this way that test signal level
measurement is in process. Live reading of M556lleveter and counter is displayed. The
measurement takes about 5 seconds.

When measurement is finished displayed valuesegjuency, test voltage and test current are
frozen and calibration data corresponding to meskfrequency are displayed automatically.
If test signal voltage is not high enough (over 209) or frequency is out of meter range
(above 100 kHz), instead of meter readings symbet“is displayed showing that meter
could not make successful measurement. Test freguetue is returned to the original value
before measuring had started.

New measurement of test level and frequency cdalyehed or another frequency can be
entered manually using FREQ soft button numeriegplad.

Note: M550 output terminals are loaded with 100 kOtesistor during process of measurement. DUT can
display non-correct readings during this time.

Note: Test signal level meter works in frequengygeband 20 Hz to 100 kHz and for test voltagedrigh
than 200 mY,s When calibrating low impedance values, test aurrgourced by DUT may not create
enough high voltage on selected standard to be uned$y M550 calibrator.

Note:  Anytime frequency can be set up manuallyptperiod when meter is proceeding measurement.
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8. Recalibration

The impedance calibrator requires periodical récation. Recommended recalibration interval is dry&he
recalibration process is based on measuring of MisBtal standards using either direct method cdsneement
with standard LCR meter and standard multimetarsitg comparison method with set of single standard
resistors, capacitors and inductors of decimal naimialues and entering and saving new calibratidues.

For recalibration purpose the calibrator includaiibcation procedure. Recalibration can be perfatinging the
front panel buttons and calibration menu.

Note: M550 partial standards cannot be re-adjusted.

8.1 Requested equipment

1. Set of the resistance standards in frequency bard 1t MHz with calibration uncertainty better thau01%
(1 kHz), like Agilent 16074A set

. Set of the capacitance standards in frequency bprtd 1 MHz with calibration uncertainty betteritha
0.01%, e.g. Agilent 16380A, Agilent 16380C.

. LCR meter Agilent 4284A, Agilent E4980A, Wayne Ké#40/6450 with accuracy 0.02 to 0.05%
. 81/2 digit multimeter Fluke 8508A, Agilent 3458A similar

. Multifunction calibrator Meatest M140/M142 or Flus&00A/5520A or similar

. Test leads and BNC adapters from M550 accessory

N

wWwolhkhw

8.2 Access to recalibration

Access to calibration function is protected witsg@a&ord. To enter the procedure:
e Push SETUP button and select CALIBRATION item ia tist. Window for password entering appears.
e Write correct password and confirm using OK softdiu
¢ Menu with functions for recalibration appears

Note: default factory password is “55000”. The passd can be modified in SETUP menu, see chaptet.6.9

8.3 Recalibration structure

Basic calibration menu contains two items:

Discrete standards calibration Proceed throughtms to R, C, L partial standard calibration data.
Discrete standard recalibration offers two meth&adl, and Offset
recalibration.

Meter calibration Select this item when built intereof test signal voltage is to be
recalibrated.

8.3.1 Discrete standard calibration

Calibration structure consists of three calibraterels:
« Selection of type of calibration
e Selection of mode (type of connection) 4TP or 4W/and standard bank R or C or L
« Individual partial standard selection

l. level

Select either Full or Offset calibration.
*  Full calibration
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The item enables to modify both complex calibratraiues (primary and secondary) of all R, C, L
partial standards, and reference positions SHOREND&s well in spot frequencies. Any of calibration
values can be modified and saved independently.

Spot frequencies is line of fix frequencies at wihialibration data are defined. The line of spot
frequencies is as follows:

30, 50, 100, 300, 500, 1 000, 3 000, 5 000, 10 B0@MOO, 50 000, 100 000, 300 000, 500 000,
1 000 000 Hz

» Offset calibration
The item enables to modify only main parametem{priy) of partial standard at 1 kHz frequency.
When the parameter is changed, the deviation agaiiggnal calibration value is calculated and with
this deviation main parameter is shifted at allleaple spot frequencies. In memory stored frequenc
characteristic is not influenced.

Note: Not all spot frequencies may be accessibilalfgpartial standards. See frequency range of
partial standards to check valid frequency band.
Frequency characteristics of partial standards have been carefully measured and stored during
calibration processin manufacturer laboratory.
It isrecommended to prefer Offset calibration method to avoid unexpected change of the characteristic.

Use Full calibration method only if you can measur e frequency characteristic with appropriate accuracy.

1. level
Partial standards in one of three modes 4TP, 4Wcakbe modified. List of item in this level isfalows:

e Resistance bank 4TP partial resistance standébdateon values in 4TP mode can be
edited

« Capacitance bank 4TP partial capacitance starwdditztation values in 4TP mode can be
edited

e Inductance bank 4TP partial inductance standdidration values in 4TP mode can be
edited

* Resistance bank 4W partial resistance standaitotatidbn values in 4W
mode can be edited

e Capacitance bank 4W partial capacitance standdifatation values in 4W mode can be
edited

e Resistance bank 2W partial resistance standaitotatdbn values in 2W mode can be
edited. Only main parameter is defined in 2W mode

e Capacitance bank 2W partial capacitance standdifatation values in 2W mode can be

edited. Only main parameter is defined in 2W mode

Il level

The 11l level contains list of partial standardssefected bank in selected connection mode. Th&pstandards
are identified with their nominal value. Selectuegted standard to enable editing calibration ditdevel is
not available for OPEN and SHORT positions.

8.3.2 Signal level meter adjustment
Meter item serves for internal test signal levetanadjustment. Only voltage ranges can be adjubtedjuency

function has fix setting which cannot be changectukacy of measurement of frequency is given byiegp
quartz oscillator.
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Select item Meter calibration in basic calibratiewel. Following possibilities appears:
*  Zero calibration
Access to calibration of zero point of voltage scal
e Full scale calibration
Access to recalibration of full scale point.

8.3.3 History

M550 Impedance calibrator is equipped with memdyistory of calibration values of partial standard
Calibrator records and keeps past calibration watdgrimary and secondary parameters at frequéhéyz.
This is helpful tool for time stability of partiatandards evaluation.

Access to the History is in Calibration section.e@Calibration system using correct password alettse
History. Select from the list of modes and lispaftial standards that one you want to check. Galdn values
of the selected standard will appear in form Tatta following columns:

- Date of calibration

- Primary parameter value

- Secondary parameter value

184 Histary
Date Fs= L=
11.686. 26812 18,8623 0 6.8 nH
A5.81.2812 18,8622 0 E.8 nH
28,86, 26811 18,8828 0 E.8 nH
13.81.26811 18,8619 0 E.8 nH
H4,.68. 2618 18,8618 0 E.8 nH
16.681. 26814 18. 86816 1 E.8 nH
23,86, 2669 18,8615 1 E.8 nH
14.81. 268489 18.68614 0 E.8 nH
H3.6E6, 2668 18,8613 0 6.8 nH
22.81.28688 18,8613 0 E.8 nH

Eesistance bank 4TF

Type of displayed primary and secondary parametenat be changed. For resistance standards paiyd® R,
C,. for capacitance standards-@ and for inductancedRs parameter pair is always applied.

New calibration value is added to the history awttically if date of previous calibration of the eetied standard
is older than seven days. If new calibration idqrened within next seven days after the last catibn,
calibrator offers either to replace the last valith a new one or to append it.

Maximum number of stored calibration pairs is 3€orels per standard. When maximum number is being
crossed over during calibration, calibrator delé¢besoldest calibration parameter pair and addsi¢heest one.

Warning is displayed before deleting the old daith aption to delete it or not to save the newhnaliion
values.

8.4 Recalibration procedure

Use the procedure to change calibration valuesiypbépartial standard. Switch the calibrator ON égave it
until warm up time has released. Connect it to appate output terminals standard LCR-meter.

84.1 OFFSET calibration method (preferred)

¢ Push MENU button, select CALIBRATION item.
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* Select DISCRETE STANDARD CALIBRATION

e Select OFFSET CALIBRATION in next step

e Select type of bank (resistance, capacitance, tadue) and type of connection (4TP, 4W or 2W)
* Select nominal value of partial standard whichlralion values are requested to modify.

e Screen with main parameter of selected standatdEiz frequency will appear.

« Push the OPER button. Use one of following metlwodefine new calibration value:

a. Direct measurement method: Measure the selectéidlptandard using standard meter. For
resistance standards from @lto 10 M 81/2 digit multimeter in high precise mode can be
applied. Use four-wire true ohm measurement modestandard 100 K2 standard LCR meter
should be applied.

b. Comparison method:

i. Measure the selected partial standard using stdmdeter.
ii. Disconnect standard meter and connect calibrataomdard of the same type and the same
nominal value.
iii. Evaluate deviation of the standard meter by comgadts reading to calibration standard
calibration values
iv. Correct values measured in point (i.) with the déeih evaluated in point (jii.).
e Write new calibration value of the main parametet kHz frequency and confirm with WRITE soft butto
New calibration values have been saved.
« Push EXIT to select another partial standard.
« When recalibration is finished, push EXIT buttopettively until calibration menu is left and maareen
is displayed.

1

AR Calibration

LAST CALIBEATIOW DATE: 1E.A1.2A12
FUNC: = Es-Ls= FREQ: 1 kH=z

Rsi 100.320 Q
Ls: 48.0 nH

Discrete standard calibration
Nffset calibration
Fesistance hank 4TP

Fig. 11  Offset calibration

Note: Secondary parameter is not available foriadiin OFFSET calibration mode.

8.4.2 FULL calibration method

e Push MENU button, select CALIBRATION item.
» Select DISCRETE STANDARD CALIBRATION
e Select FULL CALIBRATION in next step
» Select type of bank (resistance, capacitance, tadae) and type of connection (4TP, 4W or 2W)
e Select nominal value of partial standard whichlralion values are requested to modify.
»  Screen with main parameter of selected bank ofistahat default frequency will appear.
e Select spot frequency from the list of availabltuga using soft button FREQ and rotary button.
« Select pair of complex parameters in which the oalibration values will be entered.
e Push the OPER button. Use one of following metlwodeffine new calibration value:

a. Direct measurement method: Measure the selecwtidipandard using standard mean of

measurement.
b. Comparison method:
i. Measure the selected partial standard using stdridzR meter.
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ii. Disconnect standard LCR meter and connect it gisicalibration standard of the same
type and the same nominal value.
iii. Evaluate deviation of the standard LCR meter bypaming its reading to calibration
standard calibration values
iv. Correct values measured in point (i.) with the déen evaluated in point (jii.).
« Enter new calibration values either both complevapeters or any of them, and confirm with soft it
WRITE. New calibration values have been saved.
« Select another spot frequency and edit calibratadues. If another partial standard or another lmank
another type of connection is to be calibrated gckbin calibration level structure using soft bateXIT.
« When recalibration is finished, push EXIT buttopettively until calibration menu is left and maareen
is displayed.

1

k1l

o

Calibratiaon

LAST CALIBEATION DATE: 16.@1.2A@12
FUHNC: - Ep-Cp FEEQ: « 1.HHB kHz

Rp: 10.0000 kQ
Cp:  80.0 fF

DIliscrete standard calibration
Full calibration
Resistance hank 4TF

Fig. 12 Full calibration

Note: Calibration process can be interrupted inyamoint of the calibration procedure. New calibaati
values are saved in memory always after pushingdiftebutton Write.

Note: Frequency dependency of partial standardstesesn calibrated during production. It is given thpby
design of internal blocks and applied componentsr'Ddo calibration of secondary values if it is
really not necessary.

8.4.3 Signal level meter calibration

e Select 4TP mode. Use BNC-banana adapters. Switghitoierminals ON

* Make short betweenddr — Lcur terminals

¢ Push MENU button, select CALIBRATION item.

* Select METER CALIBRATION

+ Select ZERO CALIBRATION

e Screen with ZERO point calibration appears. Livadiag of internal voltmeter in digits is display&tlsh
the WRITE soft button to save ZERO calibration ealu

e Push EXIT to go over to previous level.

* Selectitem FULL SCALE CALIBRATION.

« Screen with FULL SCALE point calibration appearie reading of internal voltmeter in digits is
displayed.

e Connect multifunction calibrator voltage outputigyr — Lcur Coaxial terminals.

« Set amplitude 5Vrms, frequency 1 kHz. Calibrat@ptiy shows reading of input AC voltage in digits.

*  Push the WRITE soft button to save FULL SCALE aation value.

*  When recalibration is finished, push EXIT buttope#tively until calibration menu is left and maioreen
is displayed.
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9. Verification procedure

Following section describes the procedure useetithe M550 Impedance calibrator is operatingectly
and within specifications. Ensure the calibratas haen in a temperature suitable environment fteast one
hour before starting the verification process.

The verification procedure is in simplified fornh.elnables easy verifying of the M550 calibrator maérameter

of partial standards at signed frequency. The icatibn procedure requests following standard deszic
Standard LCR meter with accuracy 0.05 % like WK@&4Agilent E4980A

Standard 81/2 digit multimeter like Agilent 3458Auke 8508A
Verification procedure is based on direct measurgmkthe partial bank using standard meter.

9.1 4TP output verification

911

9.1.2

Resistance standard verification

Connect standard multimeter to the M550 4TP ouggmminals. Use terminal adapters BNC/banana.
Use four terminal connection, set the most accurateée of four terminal resistance measurementan th
multimeter, TRUE RMS mode

Set 4TP mode and Correction ON in M550.

Set SHORT position in M550 and make ZERO corrediiothe standard multimeter.
Measure the partial resistance bank of the M55@1 ft60 nf2 to 10 MQ.
Connect standard LCR meter to the M550 output @i Use four terminal coaxial connection. Set
test frequency 1 kHz, test voltage 1 V.
Set SHORT position in M550 and make SHORT corraditiothe standard LCR meter.
Set OPEN position in M550 and make OPEN corredtighe standard LCR meter.

Set position 100 @ in M550 calibrator.

Measure the value using standard LCR meter

Measured values should be within limits as follows:

Nominal value Resistance limits Standard Test frequency
Q Q - Hz
0.1 Rca +/- 0.000 2 81/2 dig multimeter DC
1.0 R.a +/- 0.001 81/2 dig multimeter DC
10 Rca +/- 0.005 81/2 dig multimeter DC
100 Rca +/- 0.02 81/2 dig multimeter DC
1k Rea +/- 0.2 81/2 dig multimeter DC

10k Rea +/- 2 81/2 dig multimeter DC
100 k Rea +/- 20 81/2 dig multimeter DC
1M Rca +/- 300 81/2 dig multimeter DC
10M R.a +/- 5000 81/2 dig multimeter DC
100 M Rcq +/- 100 000 LCR meter 1000

Tab. XI 4TP Resistance verification test

where R, is R, parameter calibration value at frequency 30 HzlenGORR ON

Capacitance standard verification

Connect standard LCR meter to the M550 4TP ougratihals. Use four terminal coaxial connection.
Set test frequency 1 kHz, test voltage 1 V.
Set SHORT position in M550 and make SHORT corraditiothe standard LCR meter.
Set OPEN position in M550 and make OPEN corredtighe standard LCR meter.

Set partial capacitance bank step by step and meheth complex parameter Cp and D.
Compare it with M550 calibration values at frequethdkHz. (G, is calibration value at frequency 1

kHz).
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Nominal value Cp Cgpgcitance Dissipgtiqn Standard Test frequency
limits factor limits

F F - - Hz
10p Ceat/-0.05p < 0.0020 LCR meter 1000
100 p Ceat/-01p < 0.0010 LCR meter 1000

1n Ceat/-05p < 0.0005 LCR meter 1000
10n Ceatl-5p < 0.0005 LCR meter 1000
100 n Ceat/-50p < 0.0005 LCR meter 1000
lu Ccat/-500p < 0.0010 LCR meter 1000
10p Ceat/-5n < 0.0050 LCR meter 1000
100u Cca+/-100n < 0.0200 LCR meter 1000

Tab. Xl 4TP Capacitance verification test

where G, is G, calibration value, mode CORR ON

9.1.3 Inductance standard verification

» Set partial inductance bank step by step and medsih complex parameter Ls and Rs at
frequencies signed in the table bellow.

« Compare it with M550 calibration values at signeifiency (L is calibration value at signed

9.2

921
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frequency).
Nominal value e Iﬂ?nlftcst ance Rs typicalvalue Standard Test frequency
H H Q - Hz
10p Lea+/-0.1pu 66 LCR meter 50 kHz
100pn Lea +/-0.20 200 LCR meter 50 kHz
Im Lea +/- 1.0n 660 LCR meter 50 kHz
10 m Lea +/-10p 660 LCR meter 10 kHz
100 m Lca +/- 100 2 000 LCR meter 10 kHz
1H Legt+/-1.0m 20 000 LCR meter 1 kHz
10H Leg+/-10m 20 000 LCR meter 100 Hz
Tab. XIlIl 4TP Inductance verification test

where L, is Ls parameter calibration value at signed frequen@gdeCORR ON

4W output verification

Resistance standard verification

Connect standard multimeter to the M550 4/2W outprrhinals. Use four single banana-banana test

leads. Connect them as follows:

Standard multimeter M550
V HCUR
COM Leur
+ SENSE Hot
- SENSE kot

Use four terminal connection, set the most accuratée of four terminal resistance measurementan th

multimeter, TRUE RMS mode
Set 4W mode in M550.

Set SHORT position in M550 and make ZERO corrediiothe standard multimeter.
Measure partial resistance standards of the M558 fr00 nf to 100 MQ.
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* Measured values should be within limits in tabl&/XI

Nominal value Resistance limits Standard Test frequency
Q0 Q0 - Hz
0.1 Rca +/- 0.000 5 81/2 dig multimeter DC
1.0 R.a +/- 0.001 81/2 dig multimeter DC
10 Rca +/- 0.005 81/2 dig multimeter DC
100 Rca +/- 0.05 81/2 dig multimeter DC
1k Rea +/- 0.2 81/2 dig multimeter DC

10 k Rea +/- 2 81/2 dig multimeter DC
100 k Rca +/- 100 81/2 dig multimeter DC
1M Rea+/- 1k 81/2 dig multimeter DC
10M Rea /-2 k 81/2 dig multimeter DC
100 M Rea /-1 M 81/2 dig multimeter DC

Tab. XIV 4W Resistance verification test

where Ry is R parameter calibration value at 1 kHz, mode CORR ON

9.2.2

Capacitance standard verification

Connect standard LCR meter to the M550 4/2W ouggratinals. Use four terminal Kelvin cable
adpater from standard LCR meter accessory. Coinecips to Hyr, Hrorand Lpot, Lcur terminals.

When autobalance bridge is applied for 4W verifaatconnect standard LCR meter terminals to M550
4/2W output according to following picture.

Standard LCR
meter terminals

Fig. 13

e Settest frequency 1 kHz, test voltage 1 V.

* Set 4W mode in M550

to M550
terminals

Standard LCR meter connection for 4W c#@pace standard verification

e Set SHORT position in M550 and make SHORT correditiothe standard LCR meter.

e Set OPEN position in M550 and make OPEN corredtigdhe standard LCR meter.

e Set partial capacitance standards step by stemaadure both complex parameter Cp and D.
e Compare it with M550 calibration values at frequefidkHz:

Nominal value Cp Capacitance limits Standard Test frequency

F F - Hz

100 p Ceatl-1p LCR meter 1000

1n Ceatl-1p LCR meter 1000

10 n Ceatl-5p LCR meter 1000

100 n Ceat/-50p LCR meter 1000

lu Ccat/-500p LCR meter 1000

10u Ceat/-10n LCR meter 1000

100 Ccat/-200n LCR meter 1000

Tab. XV 4W Capacitance verification test
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where G, is G, calibration value at frequency 1 kHz, mode CORR ON

9.3 2W output verification

9.3.1 Resistance standard verification

e Connect standard multimeter to the M550 4/2W outpurhinals. Use four single banana- banana test
leads. Connect them as follows:

Standard multimeter M550
A Heur
COM Leur
+ SENSE Hur
- SENSE kur

< Use four terminal connection, set the most accuratde of four terminal resistance measurementdan th
multimeter, TRUE RMS mode.

e Set 2W mode in M550.

e Set SHORT position in M550 and make ZERO corrediiotiie standard multimeter.

* Measure the partial resistance standards of theOMi®e®n 1Q to 10 MQ.

» Measured values should be within limits as folldi®s, is calibration value at 1 kHz)

Nominal value Resistance limits Standard Test frequency

0 Q0 - Hz
1.0 Rca +/- 0.05 81/2 dig multimeter DC
10 Rca +/- 0.05 81/2 dig multimeter DC
100 Rea +/- 0.1 81/2 dig multimeter DC
1k Rea+/-1 81/2 dig multimeter DC
10k Rea +/- 10 81/2 dig multimeter DC
100 k Rca +/- 100 81/2 dig multimeter DC
1M Rea /-2 k 81/2 dig multimeter DC
10 M Rca +/- 50 k 81/2 dig multimeter DC
Tab. XVI 2W Resistance verification test

9.3.2

Capacitance standard verification

e Connect standard LCR meter to the M550 4/2W ougrminals. Use Kelvin cable adapter from
standard LCR meter accessory. Connect the clipkitq and Leyg terminals. If the adapter is not
available, use connection according to followinctyie.

Standard LCR
meter terminals

to M550
terminals

Fig. 14 Standard LCR meter connection for 2W c#dpace standard verification
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» Settest frequency 1 kHz, test voltage 1 V.

e Set 2W mode in M550

e Set SHORT position in M550 and make SHORT correditiothe standard LCR meter.

e Set OPEN position in M550 and make OPEN corredticdhe standard LCR meter.

» Set partial capacitance standards step by stemaadure both complex parameter Cp and D.

« Compare it with M550 calibration values at frequetidHz. (G, is calibration value at frequency 1

kHz).
Nominal value Cp Capacitance limitg Standard Test frequency

F F - Hz

100 p Ccatl-5p LCR meter 1000

1n Ceat/-10p LCR meter 1000

10 n Ceat/-20p LCR meter 1000

100 n Ceat/-200p LCR meter 1000

lp Cecatl-2n LCR meter 1000

10p Ccat/-50n LCR meter 1000

100p Ccat/- 1000 n LCR meter 1000

Tab. XVII 2W Capacitance verification test
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10. Remote control of the calibrator

The calibrator is equipped with RS232 serial limel 8EEE-488 bus. System connectors are locateldeatear
panel. For the remote control to work properlyerface parameters must be set in the system meniR$232
line communication speed can be set (1200 to 118)0For IEEE-488 bus, an address from range 30t
allowed. The calibrator can be only controlled me @f interfaces at a time. It is therefore neagskaselect
one of the interfaces (RS232 /IEEE488) using tistesy menu.

10.1 IEEE-488 bus properties

The instrument performs the following functions éhen IEEE488 bus commands:
SH1, AH1, T5, L3, RL1, DC1, SR1

oot 5T oi0s Fig. 15 IEEE488 connector
DIo2 14 Dlos
DIO3 15 Dlo7
DIo4 8 Dlog
EOI 7 REN
DAV 8 GND (TW PAIR W/DAV)
NRFD 9 GND (TW PAIR W/NRFD)
NDAC GND (TW PAIR W/NDAC)
IFC GND (TW PAIR W/IFC)
sra |[1 GND (TW PAIR W/SRQ)
ATN 1 GND (TW PAIR W/ATN)
SHIELD 12 SIGNAL GROUND
— The instrument also recognizes the following gelnemenmands:
DCL Device Clear reset the calibrator
SDC  Selected Device Clear reset the calibrator
EOI End or Identify Message Terminator closertfessage
GTL Go To Local close remote control mode
LLO  Local Lock Out local control locked
SPD Serial Poll Disable close serial messagassta
SPE Serial Poll Enable release serial messagesst

10.2 RS232 serial line setting

To transfer the data using RS232 bus, 8N1 datadbisrused, i.e. each data word includes 8 bitpardy and
one stop bit. The communication speed can be $gg tise system menu. Available values: 1200, 24300,
9600, 19200, 38400, 76800 and 115200 Bd.

RS-232 connector layout

1 . Pin Name Direction Description
2 TXD Output Transmitter
0000 :
B g 3 RXD Input Receiver
5 GND - Ground

Fig 16 9-pin connector D-SUB FEMALE

PC D-Sub 1 D-Sub 2 Calibrator
Receiver 2 2 Transmitter
Transmitter 3 3 Receiver
Ground 5 5 Ground

Tab. XVIII Cable between the calibrator and PGr{figuration 1:1)
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Note:
It is not possible to send or receive data over J2SRvhen the calibrator is not in remote mode.
You should use the command SYST:REM or SYST:RWL.

10.3 Command syntax

The commands described in this chapter can bedgboeugh all buses (RS232/Ethernet/IEEE488).
All commands listed in this chapter are explainethio columns:

KEYWORD and PARAMETERS.
KEYWORD column includes the name of the commanahEammand includes one or more keywords. If a
keyword is in brackets ([]), it is not mandatoon-mandatory commands are used only to achieve
compatibility with language standard SCPI.
Capitals designate the abbreviated form of the cantts; extended form is written in lowercase.
Command parameters are in brackets (<>); each péeaiis separated using a comma. Parameters iketsac
]) are not mandatory. Line (| ) means “or” andsgd to separate several alternative parameters.
Semicolon *;’ is used to separate more commandsenron one line.
E.g. :SAF.LR 100.5;:0UTP ON
Note (only for RS232 and Ether net):
Each command must end in <cr> or <If>. Both codedf><can be used at the same time. The calibrator
performs all commands written on one line of thegpam after it receives <cr>, <If> or <crlf> cod#ithout
this code, the program line is ignored.

Description of abbreviations
<DNPD> = Decimal Numeric Program Data, this forisaised to express decimal number with or withbet

exponent.

<CPD> = Character Program Data. Usually, it reprtssa group of alternative character parametecs. E.
{ON | OFF | 1]0}.

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

?= A flag indicating a request for the value &f rarameter specified by the command. No other
parameter than the question mark can be used.

(?) = A flag indicating a request for the parameggzcified by the command. This command permits a
value to be set as well as requested.

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

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

This subsystem enables to configure and activdéadtivate the calibrator output.

Keyword Parameters

OUTPut
[:STATe](?) <CPD>{ON |OFF|1]0}
:CORRection (?) <CPD>{ON|OFF|1|0}

OUTP[:STAT](?) <CPD>{ ON |OFF [1]0}
This command activates or deactivates output texisin
« ON or 1 - activates the output
e OFF or 0 - deactivates the output
If query is sent, calibrator returns 1 if the outjsuactive or O if it is inactive
Example: OUTP ON - activates the output
OUTP? - the calibrator returns 1 or 0

OUTP:CORR(?) <CPD>{ ON |OFF|1|0}

This command activates or deactivates correctioesitiual parameters.

¢ ON or 1 - activates correction

e OFF or 0 - deactivates correction

If query is sent, calibrator returns 1 if correatis active or 0 if it is inactive

Example: OUTP:CORR ON - activates correction
OUTP:CORR? - the calibrator returns 1 or O

SOURCce subsystem
This subsystem allows controlling the individuahdtions of the calibrator.

[:VALUe] (?)

Operation manual v8

Keyword Parameters
[SOURCce]
:MODE? {R4W |R2W | R4P | C4AW | C2W | C4P | L4V2W | L4P | SHORQPEN [EXT | SIM }
‘RAW
:POSition(?) <DNPD>
:TYPE(?) <CPD>{ RSLS | RSCS | RPLP | RPCPDZZTR | YTD
| YTR|RX|GB}
[:VALUe] (?) <DNPD> [,<DNPD>]
‘R2W
:POSition(?) <DNPD>
" TYPE(?) <CPD>{ RSLS | RSCS | RPLP | RPCPDZZTR | YTD
| YTR|RX|GB}
[:VALUe] (?) <DNPD> [,<DNPD>]
:R4P
:POSition(?) <DNPD>
TYPE(?) <CPD>{ RSLS | RSCS | RPLP | RPCPDZZTR | YTD
| YTR|RX|GB}
[:VALUe] (?) <DNPD> [,<DNPD>]
:C4AW
:POSition(?) <DNPD>
:TYPE(?) <CPD>{CSD | CSRS | CPD | CPGP |EPRTD | ZTR |
YTD | YTR }

<DNPD> [,<DNPD>]
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:C2w
:POSition(?)
- TYPE(?)
[:VALUe] (?)

:C4P
:POSition(?)
- TYPE(?)
[:VALUe] (?)

:L4P
:POSition(?)
- TYPE(?)
[:VALUeg] (?)

:SH4W
:SH2W
:SH4P
:OP4W
:0P2W
:OP4P
‘EXTernal

:FREQ(?)
:SYNChronize

[SOUR]:MODE?

<DNPD>
<CPD> {CSD | CSRS | CPD | CPGP |EPRTD | ZTR |
YTD|YTR}

<DNPD> [,<DNPD>]

<DNPD>

<CPD> { CSD | CSRS | CPD | CPGP |EPRTD | ZTR |
YTD|YTR}

<DNPD> [,<DNPD>]

<DNPD>
<CPD>{LSQ |LSRS |ZTD | ZTR | YTD'TR }
<DNPD> [,<DNPD>]

<DNPD>

This command returns selected mode of the calib{fa®AW | R2W | R4P | C4W | C2W | C4P | | L4P | 8H4

SH2W | SH4P QP4AW [OP2W [OP4P EXT }.

« R4W - Resistance 4W mode
« R2W - Resistance 2W mode
« R4P - Resistance 4P mode

e C4w - Capacitance 4W mode
« C2W - Capacitance 2W mode
e C4P - Capacitance 4P mode
e L4P - Inductance 4P mode

*  SH4W - Short 4W mode

e SH2W - Short 2W mode

e SH4P - Short 4P mode

e  OP4W - Open 4W mode

e OP2W - Open 2W mode

e OP4P - Open 4P mode

e EXT - External mode
Example: MODE?

[SOUR]:R4W:POS(?) <DNPD>

This command selects one of the 10 available sagist in 4W configuration. Index of resistanceasi 1

(100m2) to 10 (100M2).
<DNPD>

Parameter represents index of required resistéuoeptable range is 1 ... 10.
If query is sent, calibrator returns the index@gsted resistance.

Example:
R4W:POS? Calibrator return “4”
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Example:

Resistance index 4 (1Y) in 4W configuration:
R4W:POS 4

Note:

Command set 1AQ in Resistance 4W mode.

[SOUR]:R4W:TYPE(?) <CPD>{ RSLS|RSCS|RPLP|RPCP|ZTD|ZTR|YTD|
YTR|RX |GB}

This command selects type of displayed parameters.
If query is sent, calibrator returns actual ResictadW parameter type.
Example:
Select Rs-Ls resistance 4W parameter type:
R4AW:TYPE RSLS
Note:
Command switches the calibrator in Resistance 4\WWeno

[SOUR]:R4P[:VAL](?) <DNPD> [,<DNPD>]

This command sets the resistance value in 4W caorafigpn.
<DNPD>
Parameter represents the value of the resistameessed in units of selected parameter type. @Gatibselects
the nearest resistance value.
If query is sent, calibrator returns the set valfigesistance using standard exponential formadntpte:
105.547m is returned as 1.055470e-001.
Example:
Resistance 100
R4P:VAL?
calibrator return “+1.00000e-001,+3.40000e-009:

FREQ(?) <DNPD>

This command sets the frequency. Displayed paramate automatically recalculated according to this
frequency.
<DNPD>
Parameter represents the value of frequency exqutesdiz.
If query is sent, calibrator returns the valuerefiiency using standard exponential format. Exanyflelz is
returned as 5.00000e+001.
Example:
Frequency 60Hz:
FREQ 60

FREQ:SYNC

This command sets the frequency according to thesoreng frequency of connected RLC meter. Displayed
parameters are automatically recalculated accotditigis frequency.
Example:

FREQ:SYNC synchronized the frequency with cone@®LC meter

SYSTem subsystem

The subsystem enables to control various functimm the MENU.

SYSTem
:DATE(?) <DNPD>,<DNPD>,<DNPD>
TIME(?) <DNPD>,<DNPD>,<DNPD>
‘ERRor?
:REMote
:RWLock
:LOCal
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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 vadfisystem 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 vadfisystem time in format HH,MM,SS.
where HH hour (00..23)
MM minute (00..59)
SS second (00..59)

SYST:REM

This command places the calibrator in the remotdenfor RS232 or Ethernet operation. All keys onftbat
panel, except the LOCAL key, are disabled.

Note:

It is not possible to send or receive data over323& Ethernet when the calibrator is not in remotede.

SYST:RWL

This command places the calibrator in the remotdenfor RS232 or Ethernet operation. All keys onftbat
panel, including the LOCAL key, are disabled.

SYST:LOC
This command returns the calibrator in the locatienorhis command is for RS232 and Ethernet intesfac

IEEE488.2 Common Commands

I/D (instrument identification)

*|DN?

This command returns the identification of the nfaoturer, model, serial number and firmware revisio
The reply is formatted as follows:

MEATEST,M550,100002,1.22

Operation complete
*OPC
This command sets the OPC bit in the ESR (EvenuSRegister) when all pending operations are cetapl

Operation complete?
*OPC?
This command returns “1” to the output queue aitepending operations are complete.

Wait-to-Continue command

*WAI

Prevents the instrument from executing any furtteenmands or queries until all previous remote contea
have been executed.
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Reset
*RST
This command resets the calibrator to its initiatiss.

Test operation
*TST?
This command launches an internal self-test. Raherself-test result (“0” for pass or “1” for fail

Status byte reading

*STB?

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

Service Request Enable

*SRE <value>

This command sets condition of the Service Redaeable register. Since bit 6 is not used, the mawinaalue
is 191.

Service Request Enable reading
*SRE?
This query returns the Service Request Enable Regiamber.

Event Status Register reading
*ESR?
This query returns the contents of the Event Stagister and clears the register.

Event Status Enable setting
*ESE <value>
This command programs the Event Status Enableteedids. Parameter “value” is number in rangeZb5.

Event Status Enable reading
*ESE?
This query returns the Event Status Enable register

Clear status

*CLS

This command clears the Event Status Registerten8tiatus Byte Register except the MAV bit and outp
queue. Output line is not reset.

10.4 Standard Status Data Structures

Calibrator meets standard protocol according testhrdard IEEE488.2. The protocol can be usedHecking
of error and status behavior of the calibratoenables single-wire transmitting of SRQ commancd Th
conditions on which SRQ signal (local control rest)iés sent can be set with parameters *STB?, *SRERE,
*ESR?, *ESE?, *ESE a *CLS.
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[PonJura [cme [Exe [pDE [Q@ve [ o [opc| ESR Event Status Register

Read using *ESR?
Output Queue

Read using *ESE?
Write using "ESR

] ESE Event Status Enable Register

QSS - Summary Bit (not used)
<— Read by Serial Poll

Service :
Request |<—<[ oss EsB [mav [ass [ o | o | o | STB Status Byte Register
Generation MSS

r' S

<4— Read using *STB?

[a s
S
A . 3
O [ SETC—— — — ——— v
S IS R SOV NS -~ Read wsing “SRE?
f Write using *SRE
L7 ] e ] 5 ] 4] 3] 2711] o] SRE Service Request Enable Register

Status Register Overview
Fig. 17 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

STB Status Byte Register

STB is main register where information from othitiss registers and from output queue is colledfatlie of

STB register is reset after switching on the calibr or after sending command *CLS. This commaseétréhe

STB register except bit MAV, which remains sehi¢ toutput queue is not empty. STB register valuebearead

via serial message or through general query *STB?

Bit configuration of Status Byte Register :

OSS  Operation Summary Status, bit 7. SCPI-defibd.OSS bit is set to 1 when the data in the OSR
(Operation Status Register) contains one or maabled bits which are true.

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

MSS  Master Summary Status, bit 6. The MSS bittiscs@ whenever bits ESB or MAV are 1 and enabled (
in the SRE. This bit can be read using the *STBfroand. His value is derived from STB and SRE
status.

ESB  Event Summary Bit, bit 5. His value is derifemin STB and SRE status. The ESB bit is set to énwh
one or more enabled ESR bits are set to 1.

MAV Message Available, bit 4. The MAV bit is settovhenever data is available in the IEEE488 Output
Queue (the response on query is ready).

QSs Questionable Summary Status, bit 3. SCPI-dififlee QSS bit is set to 1 when the data in the QSR
(Questionable Status Register) contains one or eweibled bits which are true.

SRE Service Request Enable Register

The Service Request Enable Register suppresséisws she STB bits. “0” value of a SRE bit mearisgttthe
bit does not influence value of MSS bit. Value nfainmask STB bit results in setting of the MSSdithe
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level “1” . SRE bit 6 is not influenced and its walis “0”. The SRE register value can be set wacibmmand
*SRE followed by mask register value (0 — 191). Tégister can be read with the command *SRE?. &bister
is automatically resets after switching the calibran. The register is not reset by the commands:C

ESR Event Status Register

Every bit of the EventStatusRegister corresponamtoevent. Bit is set when the event is changddtaemains

set also when the event passed. The ESR is cledmen the power is turned on (except bit PON whicbet),

and every time it is read via command *ESR? Orrel@avith *CLS.

Bit configuration of Event Status Register :

PON  Power On, bit 7. This event bit indicates #rabff-to-on transition has occurred in the desq@wer
supply.

URQ User Request, bit 6. Bit is not used and ahigays “0”.

CME Command Error, bit 5. This event bit indicatiest an incorrectly formed command or query hasibee
detected by the instrument.

EXE  Execution Error, bit 4. This event bit indicathat the received command cannot be executedgdwi
the device state or the command parameter beingfdintits.

DDE Device Dependent Error, bit 3. This event hiticates that an error has occurred which is neéthe
Command Error, a Query Error, nor an Execution IEddDevice-specific Error is any executed device
operation that did not properly complete due toesaondition, such as overload.

QYE  Query Error, bit 2. The bit is set if the caditor is addressed as talker and output queuepsyemm if
control unit did not pick up response before segdiext query.

OPC  Operation Complete, bit 0. This event bit isegated in response to the *OPC command. It indécat
that the device has completed all selected peraiegations.

ESE Event Status Enable Register

The Event Status Enable Register allows one or megats in the Event Status Register to be refieici¢he
ESB summary-message bit. This register is define® bits, each corresponding to the bits in therE\status
Register. The Event Status Enable Register iswéthdhe common query *ESE?. Data is returned binary-
weighted value. The Event Status Enable Registariiten to by the common command, *ESE. Sendirg th
*ESE common command followed by a zero clears tRE.EThe Event Status Enable Register is cleared upo
power-on.

It suppresses or allows bits in ESR register. Vallief a bit of ESE register suppresses influentappropriate
bit of ESR register on value of sum bit of ESB @ategister. Setting of any unmask bit of ESR tegisesults in
setting of ESB status register. ESE register valuebe modified by command *ESE followed by valfienask
register (integer in range 0 —255). Reading ofrtlugster can be performed with command *ESE?. Eléster is
automatically reset after switching on. The regigenot reset with *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 ugtdrbieead from control unit. If there is at minimone sign
in the output queue, MAYV register (message avaiaisl set. The Output Queue is cleared upon powerrd
after reading all signs from output queue.
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11. Instruction for maintenance

This chapter explains how to perform the routinéntemance and calibration tasks required to keep yo
Calibrator in optimal operating condition. The taslovered in this chapter include the following:

« Replacing the fuse

e Cleaning the air filter and external surfaces

11.1 Replacement of the fuse

The Calibrator uses fuses to protect the line-pammut. The following sections describe the reptaepst
procedure. To replace the line power fuse:
e Unplug the power cord from the Calibrator.
e Locate the fuse holder which is a part of powee Emtry module on the rest panel. Of the calibrator
« Inserting a flat-blade screwdriver in the slothie £nd of the fuse holder, remove the fuse holden f
the module..
* Replace the fuse with the same type rated foraheeted line voltage 230 V - F 400 mA
* Reinsert the fuse holder.

11.2 Exterior cleaning

To keep the calibrator looking like new, clean thse, front panel keys, and lens using a soft clightly
dampened with either water or a non-abrasive nidning solution that is not harmful to plastics.

11.3 Air filter cleaning

The air filter should be removed and cleaned a&tlegery year, or more frequently if the calibragooperated in
a dusty environment. The air filter is accessibberf the rear panel of the calibrator.
To clean the air filter, proceed as follows:
e Unplug all connections to the front panel of thdil@ator.
Unplug the power cord from the Calibrator.
Remove the filter by grasping the outside edgebkefilter and pulling straight out.
Remove the filter element from the filter frame.
Clean the filter by washing it in soapy water. Rimsd dry the filter element
thoroughly before reinstalling.
Reinstall the filter element into the filter frame.
e Snap the filter frame back on to the fan housing.
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12. List of error messages

Calibrator shows error message always when:
« Non-correct or out of specification data are ertere
« Non correct combination of parameters is asked.
e Test signal level meter is overloaded.
« Wrong remote commend is applied in remote contiath@de.

ouTPUT

Jalue too high

16868.68E Q0 B: -B.0@84 ©°

FKU Man
CORE:0Off

I D B B TN

Fig. 18 Error message

According to error description follow the instruaniiin next Table to resolve the problem

Message Description Hint

Function is not available The selected functiondgsavailable in the --
calibrator

Value too low Attempt to setup lower value thespecified Set value within specified
range limits

Value too high Attempt to setup higher value thensgecified Set value within specified
range limits

Turn output terminals ON | Output terminals are OFF while test level metef Turn the output terminals
has been activated. ON

Wrong password Non-correct password has been entere Enter correct calibration
calibration mode password

Function METER is OFF The message will occur wie=n signal level Select position ON in
meter is set to OFF in SETUP menu and F/U | SETUP menu before
button is pushed to activate measuring. activating the level meter.

Tab. XIX Error message description
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13. Specification

Modes:

Output terminals

Frequency range
Reference positions:

Resistance

Range

Deviation to nominal value
Calibration uncertainty
Temperature coefficient
Displayed parameter pairs

Capacitance

Range

Deviation to nominal value
Calibration uncertainty
Temperature coefficient
Displayed parameter pairs

4TP four terminal pair ~ R/L/C coaxial outfatt coaxial four
terminal and four terminal pair
applications

R/C non-coaxial for four wire digptions

R/C non-coaxial for two wire ajgpltions

4\W four terminal
2W two terminal

4 x BNC connectors for coagiatput (4TP)
4 x banana terminal for non-coaxial output (2W)

20Hz to 1 MHz

SHORT, OPEN
0.12 to 100 M2 fix decimal values in 4TP mode
0.1Q to 100 M2 fix decimal values in 4W mode
1Qto 10 MQ fix decimal values in 2W mode

0.05 % to 10 % depegdin value, mode and frequency
0.02 % to 2 % at 1 kHz elegting on value and mode

2 to 25 ppm/°C

eZNle, RJLs, RJCs, RJCy, R/L,, RIX, G/IB

fix decimal valuesTif énode
fix decimal values in 4W mod
fix decimal values in 2W mod

10 pF to 100 pF
10 pF to 100 pF
100 pF to 100 pF

<5%

0.05 % to 5.0 % at 1 kképending on value and mode

30 to 100 ppm/°C

aZl¥le, GJD, GJRs, GJD, GJR,, GJG

Inductance(simulated in 4TP mode only)

Range

Deviation to nominal value
Calibration uncertainty
Temperature coefficient
Displayed parameter pairs

Test level meter

Displayed values
Frequency range

Test frequency resolution
Test frequency accuracy
Test voltage range

Test voltage resolution
Test voltage accuracy

Test current range

Test current resolution
Test current accuracy
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10 yHpFto 10H fix decimal valuesTi®4mode
<15%

0.15 % to 4.0 % at 1 kiépending on value and mode
50 ppm/°C

aZlNle, LJQ, LJRs

frequency, test voltage, testnt
20 Hz to 100 kHz

6 digit

0.01% +1 mHz

200 mV to 10 V rms

4 digits

5% inrange 200 mV -1V

2%inrange1V-10V

1 nAto 500 mA

4 digits

not specified
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1. 4TP Resistance standards (coaxial output)

Stability and working parameters

Nominal value of serial resistance I S Loy el G eI 10 el el e e Temperature coefficient T Max. test
B/l (RSl (typical) at 1 kHz (maximal) Voltage / Current
Q % % %/ T VImA
0.10000 0.001 2.00 0.0050 200 mA
1.00000 0.001 1.00 0.0002 100 mA
10.0000 0.001 0.50 0.0002 50 mA
100.000 0.001 0.10 0.0002 15 mA
1.00000 k 0.001 0.10 0.0002 5V
10.0000 k 0.001 0.10 0.0002 15V
100.000 k 0.001 0.10 0.0002 30V
1.00000 M 0.003 0.10 0.0002 30V
10:0000 M 0.010 0.20 0.0010 30V
100.000 M* 0.010 1.00 0.0050 30V

* *
Frequency flatness® ™
With OPEN/SHORT/LOAD correctich Without OPEN/SHORT/LOAD correctiGh
Nominal value of serial devia’\:lt?)); ;etsjlislzaHr;cteo Dd Max. resistance deviation dev’i\g?iéﬁr;sfct)%nlfﬁz i Max. resistance deviatiof Max. resistance deviatiof Max. resistance deviatiof Max. resistance deviatio] Max. resistance deviatio
resistance R Resolution vellum at 10 kHz to DC value DC value at 1 MHz to DC value at 1 kHz to DC value at 10 kHz to DC value | at 100 kHz to DC value| at1 MHz to DC value
Q % % % % % % % %
0.10000 0.02 0.10 - -- 0.10 4.00 -- --
1.00000 0.01 0.02 0.50 - 0.05 0.20 5.00 --
10.0000 0.01 0.01 0.10 0.50 0.01 0.05 0.20 1.00
100.000 0.01 0.01 0.02 0.50 0.01 0.01 0.03 1.00
1.00000 k 0.01 0.01 0.02 0.50 0.01 0.01 0.05 1.00
10.0000 k 0.01 0.01 0.02 0.70 0.01 0.01 0.03 1.50
100.000 k 0.01 0.01 0.02 1.00 0.01 0.01 0.10 -
1.00000 M 0.01 0.01 0.03 - 0.01 0.02 1.00 -
10.0000 M 0.05 0.10 - -- 0.05 4.00 -- -
100.000 M* 0.02 2.00 - -- 0.20 5.08" -- --
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Resistance calibration value uncertainty®

Standard (?) 0.1 0.1 1 1 10 10 100 100 1k 1k 10k 10k 100k 100k LY LY 10M 10M 100M | 100M
Correction ON/OFF corr corr corr corr corr corr corr corr corr corr corr corr corr corr corr corr corr corr corr corr
OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON
f[Hz] Calibration uncertainty [%]
20 -39 0,30 0,20 0,10 0,10 0,05 0,05 0,05 0,02 0,02 0,04 0,0p 0, 0,2 ,020| 0,03 0,03 0,05 0,05 0,10 0,14
40-74 0,30 0,20 0,10 0,10 0,05 0,05 0,05 0,02 0,02 0,04 0,0p 0, 0,2 ,020| 0,03 0,03 0,05 0,05 0,10 0,14
75 - 199 0,30 | 0,20 0,10 0,10 0,05 0,05 0,05 0,02 0,02 0,04 0,0p 0, 0,2 ,020| 0,03 0,03 0,05 0,05 0,10 0,14
200 - 399 0,30 | 0,20 0,10 0,10 0,05 0,05 0,05 0,02 0,02 0,04 0,0p 0, 0,2 ,020| 0,03 0,03 0,05 0,05 0,20 0,14
400 - 749 0,30 | 0,20 0,10 0,10 0,05 0,05 0,05 0,02 0,02 0,04 0,0p 0, 0,2 ,020| 0,03 0,03 0,05 0,05 0,50 0,24
750 — 1 999 0,30 | 0,20 0,10 0,10 0,05 0,05 0,05 0,02 0,02 0,04 0,0p 0, 0,2 ,020| 0,03 0,03 0,05 0,05 1,00 0,54
2000 -3 999 0,50 0,30 0,10 0,10 0,05 0,05 0,05 0,02 0,02 0,04 0,0p 0, 0,2 ,020| 0,03 0,03 0,05 0,05 2,00 1,00
4000 — 7 499 1,00 0,50 0,10 0,1 0,0 0,0 0,5 020, 0,02 0,02 0,02 0,02 0,02 0,02 0,0 0,0 0,1 50,p 3,00 | 2,00
7500 — 19 999 4,08 | 1,00® 0,15 0,10 0,05 0,05 0,05 0,02 0,02 0,0 0,02 0,02 0,05 0,02 0,05 0,05 0,59 | 0,257 - -
20 000 — 39 999 - - 0,20 0,10 0,07 0,0 0,0p 0,42 0,02 0,02 0,02 0,02 0,10 0,05] 0,24 0,1 - - - - -
40 000 — 74 999 - - 0,50 0,15 0,14 0,0 0,0p 0,42 0,02 0,02 0,02 0,02 0,20 0,05] 0,5( 0,2 - - - - -
75 000 — 199 999 - - 2,08 0,20 0,20 0,05 0,05 0,02 0,05 0,02 0,08 0,05 823¢ 0,10™2 | 1,002 | 0,502 - - - -
200 000 — 399 999 - - - - 0,30 0,10 0,0] 0,1p ,070 0,03 0,07 0,10 - - - - - - - -
400 000 — 749 999 - - - - 0,50 0,15 0,2 0,2p ,200 0,05 0,20 0,20 - - - - - - - -
750 000 — 1 000 000 - - - - 1,00 0,54 1,0 0,50 1,00 0,15 1,00 0,35 - - - - - - - -
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2. 4TP Capacitance standards (coaxial output)

Stability and working parameters

Nominal value of parallel capacitancg 1 year stability Maximal deviation to nominal value Temperature coefficient T Dissipation factor Max. Voltage / Current
C, / Resolution (typical) at 1 kHz (maximal) at 1kHz

F % % %/°C - VImA
10.000 p 0.010 0.5 pF 0.005 <0.0020 30V
100.000 p 0.010 5 0.005 <0.0010 30V
1.00000 n 0.010 5 0.005 < 0.0005 30V
10.0000 n 0.010 5 0.005 < 0.0005 30V
100.000 n 0.010 5 0.005 < 0.0005 20V
1.000001 0.010 0.005 <0.0010 1ov
10.0000u 0.015 0.010 < 0.0050 100mA
100.00p 0.015 0.010 <0.0200 200 mA

C frequency flatness® ™°

With OPEN/SHORT/LOAD correctich Without OPEN/SHORT/LOAD correctich
N vl & Typ. ca_pa_citance Reference Typ. ca_pa_citance Typ. ca_pa_citance Typ. ca_pa_citance Typ. ca_pa_citance Reference Typ. ca_pa_citance Typ. ca_pa_citance Typ. ca_pa_citance
’ deviation capacitance deviation deviation deviation deviation capacitance deviation deviation deviation
pa{:a"f'l?fa""s’z)"’l‘ﬁgg‘gce at100 Hzto 1kHf  deviation at 10 kHz to 1 kHz| at 100 kHz to 1 kH7 at 1 MHz to 1 kHz| at 100 Hz to 1 kHz deviation at 10 kHz to 1 kHz | at 100 kHz to 1 kHz| at 1 MHz to 1 kHz
P value at 1 kHz value value value value at 1 kHz value value value
F % % % % % % % % % %
10.000 p +0.10 0.00 -0.10 -0.15 - +0.10 0.00 -0.10 -0.10 -
100.000 p +0.01 0.00 -0.01 -0.02 +0.20 +0.01 0.00 0.0 -0.02 +0.35
1.00000 n 0.00 0.00 0.00 0.00 +0.10 0.00 0.00 0.00 0.00 +0.30
10.0000 n +0.02 0.00 -0.02 0.00 +0.10 +0.02 0.00 .02-0 +0.01 +0.30
100.000 n +0.02 0.00 -0.02 +0.02 +1.00 +0.03 0.00 0.02 +0.03 +2.00
1.000001 0.00 0.00 0.00 +0.10 - 0.00 0.00 0.00 +0.20 -
10.0000u +0.35 0.00 -0.10 - - 0.45 0.00 -0.10 - -
100.00p +0.18 0.00 1.00 - - +0.30 0.00 +1.00 -- -
Operation manual v8 53




MEATEST

M550 Impedance Calibrator

Capacitance calibration value uncertainty**

Standard (F) 10p 10p 100p 100p 1n 1n 10n 10n 100n 100n 1p 1u 10 10 100 100
Correction ON/OFF | corr OFF corr ON corr OFF corr ON corr OFF corr ON corr OFF corr ON corr OFF corr ON corr OFF corr ON corr OFF corr ON corr OFF corr ON
f [Hz] Calibration uncertainty [%]
20 -39 1,00 0,50 0,30 0,30 0,10 0,10 0,10 0,108 00,1 0,10 0,10 0,10 0,10 0,10 0,10 0,10
40-74 1,00 0,50 0,30 0,30 0,10 0,10 0,10 0,108 00,1 0,10 0,10 0,10 0,10 0,10 0,10 0,10
75 -199 1,00 0,50 0,30 0,30 0,05 0,05 0,05 0,05 10 0, 0,10 0,05 0,05 0,05 0,05 0,10 0,10
200 - 399 1,00 0,50 0,20 0,20 0,05 0,05 0,05] 0,09 , 100 0,10 0,05 0,05 0,05 0,05 0,10 0,10
400 — 749 1,00 0,50 0,20 0,20 0,05 0,05 0,05] 0,09 ,050 0,05 0,05 0,05 0,05 0,05 0,10 0,10
750 — 1999 1,00 0,50 0,10 0,10 0,05 0,05 0,08 0,0 0,05 0,05 0,05 0,05 0,05 0,05 0,10 0,10
2000 —-3999 1,00 0,50 0,10 0,10 0,05 0,05 0,05 05 0, 0,05 0,05 0,05 0,05 0,10 0,10 0,20 0,10
4000 -7 499 1,00 0,50 0,10 0,05 0,05 0,05 0,05 05 0, 0,05 0,05 0,05 0,05 0,15 0,10 0,50 0,20
7500 — 19 999 1,00 0,50 0,10 0,05 0,05 0,05 0,05 ,050 0,05 0,05 0,05 0,05 0,5 0,20%® 1,00 0,50"®
20 000 — 39 999 1,00 0,50 0,10 0,05 0,05 0,05 0,0 0,05 0,10 0,05 0,15 0,10 - -- - -
40 000 — 74 999 1,00 0,50 0,10 0,05 0,05 0,05 0,0 0,05 0,10 0,10 0,25 0,15 - -- - -
75 000 — 199 999 1,00 0,50 0,10 0,10 0,10 0,14 0,0 0,05 0,30 0,20 0,562 0,252 - - - -
200 000 — 399 999 1,00 0,50 0,15 0,10 0,15 0,19 00,1 0,10 0,50 0,40 -- - - -- - -
400 000 — 749 999 1,00 1,00 0,35 0,25 0,20 0,15 50,1 0,15 1,00 0,60 -- - - -- - -
750 000 — 1 000 000] 2,00 1,00 0,70 0,50 0,35 0,25 ,20 0 0,20 2,00 1,50 - - -- - -- --
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3. 4TP Inductance standards (coaxial output)

Stability and working parameters

; Nominal value of ser[al 1 year ;tability Maximal deviation to nominal Calibration uncertainty Temperaturg coefficientT Serial registancesR Max. Voltage / Current
inductance L / Resolution (typical) value at 1 kHz at 1 kHz (maximal) (typical)
H % % % %/ C Q VImA
10.0000 p 0.01 15 0.10 0.005 66 50 mA
100.000 p 0.01 15 0.10 0.005 200 30 mA
1.00000 m 0.01 15 0.10 0.005 660 5V /20 mA
10.0000 m 0.01 15 0.10 0.005 660 5V /10 mA
100.000 m 0.01 15 0.10 0.005 2000 10V
1.00000 0.01 15 0.20 0.005 20 000 0V
10.0000 0.01 15 0.05 0.005 20 000 0V

L frequency flatness’ ™4
With OPEN/SHORT/LOAD correctich Without OPEN/SHORT/LOAD correctich
Nominal value of serial Max. inductance deviation Max. inductance deviation Max. inductance deviation Max. inductance deviation Max. inductance deviation Max. inductance deviation
inductance L / Resolution at 100 Hz to 1 kHz value at 10 kHz to 1 kHz value at 100 kHz to 1 kHz value at 100 Hz to 1 kHz value at 10 kHz to 1 kHz value at 100 kHz to 1 kHz value
H % % % % % %
10.0000 p - 0.01 0.10 - 0.01 0.10
100.000 0.01 0.01 0.10 - 0.01 0.10
1.00000 m 0.01 0.01 0.00 0.01 0.01 0.10
10.0000 m 0.01 0.01 0.05 0.01 0.01 0.10
100.000 m 0.01 0.01 0.05 0.01 0.01 4.00
1.00000 0.01 0.01 - 0.01 0.01 -
10.0000 0.01 0.01 - 0.01 0.01 -
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Inductance calibration value uncertainty 3

Standard (H) 10 10 100 100 im im 10m 10m 100m 100m 1 1 10 10
Correction ON/OFF corr OFF corr ON corr OFF corr ON corr OFF corr ON corr OFF corr ON corr OFF corr ON corr OFF corr ON corr OFF corr ON
f [Hz] Uncertainty [%]
20-39 0,50 0,30 0,30 0,20 0,10 0,10 0,10 0,10 00,1 0,10 0,10 0,10 0,10 0,10
40-74 0,50 0,30 0,30 0,20 0,10 0,10 0,10 0,10 00,1 0,10 0,10 0,10 0,10 0,10
75 -199 0,50 0,30 0,30 0,20 0,10 0,10 0,10 0,10 10 0, 0,10 0,10 0,10 0,10 0,10
200 - 399 0,50 0,30 0,30 0,20 0,10 0,10 0,10 0,10 , 100 0,10 0,10 0,10 0,10 0,10
400 - 749 0,50 0,30 0,30 0,20 0,10 0,10 0,10 0,10 , 100 0,10 0,10 0,10 0,10 0,10
750 — 1999 0,50 0,30 0,30 0,20 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10
2000 —-3999 0,50 0,30 0,30 0,20 0,10 0,10 0,10 10 0, 0,10 0,10 0,20 0,10 0,20 0,10
4000 —7 499 0,50 0,30 0,30 0,20 0,10 0,10 0,10 10 0, 0,10 0,10 0,50 0,10 0,50 0,10
7500 — 19 999 0,50 0,30 0,30 0,20 0,10 0,10 0,10 100 0,10 0,10 1,08 0,208 1,00 0,20°®
20 000 — 39 999 0,50 0,30 0,30 0,20 0,10 0,10 0,20 0,10 0,30 0,10 - -- -- -
40 000 — 74 999 1,00 0,30 0,50 0,20 0,20 0,10 0,50 0,10 1,00 0,10 - -- -- -
75 000 - 100 000 2,00 0,50 1,00 0,50 0,50 0,15 1,00 0,15 4,00 0,15 - - - -
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4. Resistance standards4W and 2W (banana output)

Stability and working parameters
Nominal value of serial 1 year stability - Max. test s ) At gits - ORI QFI‘-‘ “lmiess - L0 C.W ey mode? )
EEEETE (typical) Temperature_ coefficientT Voltage / Current Maximal deviation to noming  Calibration uncertainty Calibration uncertainty Calibration uncertainty
/ Resolution (maximal) value at 1 kHz at 1 kHz at 1 kHz at 1 kHz
Q % %/ T VImA % % % %
0.10000 0.001 0.0050 200 mA 2.0 1.00 0.50 -
1.00000 0.001 0.0002 500 mA 15 0.50 0.10 5.0
10.0000 0.001 0.0002 150 mA 1.0 0.10 0.05 0.5
100.000 0.001 0.0002 50 mA 1.0 0.05 0.05 0.1
1.00000k 0.001 0.0002 0oV 1.0 0.02 0.02 0.1
10.0000 k 0.001 0.0002 30V 1.0 0.02 0.02 0.1
100.000 k 0.001 0.0002 50 V 1.0 0.10 0.05 0.1
1.00000 M 0.003 0.0002 50 V 1.0 0.2 0.20 0.2
10.0000 M 0.010 0.0010 50 V 2% 0.2"® 0.2"® 0.5
100.000 M 0.010 0.0025 50 V 10%6 1.0 1.07® -
5 *14 *9

AW Frequency flatness

4W connection

Nominal value of serial resistance Max. deviation Max. deviation Max. deviation Max. deviation
Rs/ Resolution at 100 Hz to DC value at 1 kHz to DC value at 10 kHz to DC value at 100 kHz to DC value

Q % % % %
0.10000 0.10 0.50 - -
1.00000 0.02 0.10 0.10 -

10.0000 0.02 0.02 0.05 0.20

100.000 0.02 0.02 0.05 0.10

1.00000 k 0.02 0.02 0.05 0.50
10.0000 k 0.02 0.02 0.20 -
100.000 k 0.02 0.20 2.00 -
1.00000 M 0.20 1.50 - -
10.0000 M 0.50 10 - -
100.000 M 30 - -
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M550 Impedance Calibrator

5. Capacitance standards4W and 2W (banana output)

Stability and working parameters

Nominal value of - - 4W mode 4W mode — CORR OFF | 4W mode — CORR ON* 4W mode — CORR ON 2W mode™
parallel capacitance ¢/ TN _stab|l|ty Temperaturg SeBiefAn | e Vellss maximal deviation to Calibration uncertainty Calibration uncertainty Dissipation factor Calibration uncertainty
Resolution G (et Current nominal value at 1 kHz, at 1 kHz at 1 kHz at 1kHz at 1 kHz
F % %/°C VImA % % % - %
100.00 p 0.015 0.050 30V 10 5.00 1.0 < 0,005 5.0
1.00000 n 0.010 0.010 30V 10 0.50 0.10 <0,002 1.0
10.0000 n 0.010 0.050 30V 10 0.10 0.05 <0,001 0.2
100.000 n 0.010 0.050 20V 10 0.10 0.05 <0,001 0.2
1.00000u 0.010 0.050 1ov 10 0.10 0.05 < 0,005 0.2
10.0000u 0.015 0.010 100mA 10 0.20 0.10 <0,015 0.5
100.000u 0.150 0.010 200 mA 10 0.30 0.20 <0,030 1.0
Frequency flatness® ™ ™
4W connection
Nominal value of Capacitance max. deviation Capacitance Emax. deviation Capacitance Emax. deviation
parallel capacitance £/ Resolution at 100 Hz to 1 kHz value at 10 kHz to 1 kHz value at 100 kHz to 1 kHz value
F % % %
100.00 p 0.20 0.50 -
1.00000 n 0.50 0.30 1.00
10.0000 n 0.05 0.05 0.20
100.000 n 0.03 0.10 2.00
1.00000u 0.50 1.00 7.00
10.0000u 0.50 1.00 --
100.000u 1.00 - -

6. OPEN/SHORT parameters

OPEN 4TP Residual capacitance

4TP Residual conductance

< 0.5 pF at 10 kHz
<10 nS at 10 kHz

SHORT 4TP Residual resistance

TP Residual inductance

4W Residual capacitance
4W Residual conductance

<40 pF at 1 kHz
<10nSat1kHz

Riésidual resistance
RB&idual inductance
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MEATEST M550 Impedance Calibrator

List of notes:

Note * Simulation using T resistance network, nominaistance values 10— 1.25M2 — 10MQ

Note Parameters are valid when OPEN/SHORT calibratigreiformed in DUT using OPEN/SHORT positions frima
M550 calibrator before calibration. Parametersvatiel when applied coaxial test cables deliverethwhe calibrator,
length 50 cm.

Note Specification is valid without performing OPEN/SRO corrections. Calibration values are valid inngaf M550
calibrator coaxial output terminals.

Note “ Calibration uncertainty ,is displayed in for fremey range from 900 Hz to 1100 Hz.

Note Serial resistance is specified. Frequency deviatare related to DC reference value.

Note " Parallel capacitance is specified. Relative freqyealeviations are related to reference valueldiZ

Note 7 Serial inductance is specified. All inductances simulated using T-type RC networks. Frequencyatiens are
related to reference value at 1kHz.

Note " Specified to 10 kHz.

Note " Values are valid both for CORR ON and CORR OFF mode

Note "0 Two wire connection. Only primary parameter isptiiged at frequency 1 kHz.

Note ! Specified to 5 kHz.

Note "2 Specified to 100 kHz.

Note 2 Specification is valid for four terminal pair meaisig principle. If DUT uses a different measuretimel, an
additional deviation can effects result of calimatin frequency range above 100 kHz.

Note " The table shows maximal frequency dependency oigbatandards. See calibration values in M55Qefact value.

Note "5 4TP frequency flatness table show typical frequeteyendency of partial standards. Depending ond§/peplied
components the frequency deviation can be diffaremtdividual serial numbers. Use calibration eddata in
M550.

Note "6 Specified at frequency 100 Hz.

Comment

1. Calibration values define impedance parameterstefiial partial standards. They do not cover paknt

additional deviations caused by test cables betié¢&h and M550 calibrator.

Calibration uncertainty is specified for temperatteinge 23 °C + 2 °C and for RH < 80 % working
condition. In temperature range out of 23 °C * 2ifgts, and within range of operating temperatuadd
additional uncertainty given by specified tempemaitoefficient and operating temperature difference

Unc = Unc (reference conditions) (%) +¢ %/°C) * dT (°C)

Where Unc is calibration uncertainty
Tk is temperature coefficient of the partial staxddar
dT is deviation between operating temperaturelianitiof reference condition band.

Uncertainty of calibration values is guaranteedsiarwave test signal of DUTs. When calibrated LCR
meters based on charging/discharging principleefindd deviation against calibration values caruocc

Uncertainty of calibration values is guaranteednfiain parameter. Auxiliary parameter calibratiofueas
typical.

Calibration values between spot frequencies arulzed using three point quadrature approximation.
Additional uncertainty due to the approximationnfiota is lower than 0.005%.
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General data

Interface
Reference conditions:

Operating temperatures:

Storage temperatures:
Power line:
Power consumption:

Warm up time:
Dimension:
Weight

Power line:
Safety class:

Used external fuses:

Manufacturer:
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RS232, GPIB
23 +/-2 °C, RH < 80%
15t0 30 °C
-10 to +55 °C
115/230 V - 50/60 Hz
40 VA

15 minutes

450 (W) x 430 (D) x 150 (H) mm

12 kg

110/115/120/125 - 220/230 V - 50/60 Hz
| according to EN 1010-1

T500mL250V for 230 VAC powgry voltage, 1 pc
T1L250V for 115 VAC power supply voltage, 1 pc

MEATEST spol. s r.o.
Zelezna 509/3

CZ-619 00 Brno

Czech Republic

Tel: +420 543 250 886
Fax:  +420543 250 890
Email: meatest@meatest.cz
Web: www.meatest.com
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