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Wavetek Corporation
Standard Warranty Policy

Wavetek warrants that all Products manufactured or procured by Wavetek conform to Wavetek's published specifications and
are free from defects in materials and workmanship for a period of one (1) year from the date of delivery to the original Buyer
when used under normal operating conditions and within the service conditions for which they were designed. This warranty
is not transferrable and does not apply to used or demonstration products.

The obligation of Wavetek arising from a Warranty claim shall be limited to repairing, or at its option, replacing witlyayt char

any assembly or component (except batteries) which in Wavetek's sole opinion proves to be defective within the scope of the
Warranty. In the event Wavetek is not able to modify, repair or replace nonconforming defective parts or components to a
condition as warranted within a reasonable time after receipt thereof, Buyers shall receive credit in the amount oflthe origina

invoiced price of the product.

Wavetek must be notified in writing of the defect or nonconformity within the Warranty period and the affected Product returned
to Wavetek's factory, designated Service Provider, or Authorized Service Center within thirty (30) days after discovery of such
defect or nonconformity. Buyer shall prepay shipping charges and insurance for Products returned to Wavetek or its designated
Service Provider for warranty service. Wavetek or its designated Service Provider shall pay costs for return of Progircts to Bu

Wavetek shall have no responsibility for any defect or damage caused by improper storage, improper installation, unauthorized
modification, misuse, neglect, inadequate maintenance, accident or for any Product which has been repaired or altered by anyone
other than Wavetek or its authorized representative or not in accordance with instructions furnished by Wavetek.

The Warranty described above is Buyer's sole and exclusive remedy and no other warranty, whether written or oral, expressed
or implied by statute or course of dealing shall apply. Wavetek specifically disclaims the implied warranties of merghantabili

and fitness for a particular purpose. No statement, representation, agreement, or understanding, oral or written, made by an
agent, distributor, or employee of Wavetek, which is not contained in the foregoing Warranty will be binding upon Wavetek,
unless made in writing and executed by an authorized representative of Wavetek. Under no circumstances shall Wavetek be
liable for any direct, indirect, special, incidental, or consequential damages, expenses, or losses, including losba$gdofits,

on contract, tort, or any other legal theory.

April 1, 1994

Wavetek Corporation reserves the right to amend specifications without notice.
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SAFETY ISSUES

READ THIS ENTIRE SECTION THOROUGHLY BEFORE ATTEMPTING TO INSTALL, OPERATE OR SERVICE THE MODEL 4950
MULTIFUNCTION TRANSFER STANDARD

General Safety Summary

Explanation of safety related

symbols and terms
Thisinstrument has been designed and tested in accordance with
the British and European standard publication EN61010:1993/

A2:1995, and has been supplied in a safe condition.

This manual contains information and warnings that must be
observed to keep the instrument in a safe condition and ensure,
safe operation. Operation or service in conditions or in amann
other than specified could compromise safety. For the correct
and safe use of this instrument, operating and service personnel

the safety precautions specified.

must follow generally accepted safety procedures, in addition to j

To avoid injury or fire hazardlo not switch on the instrument
if it is damaged or suspected to be faulyo not use the

instrument in damp, wet, condensing, dusty, or explosive gas
environments.

Whenever it is likely that safety protection has been impaired,
make the instrument inoperative and secure it against any
inintended operation. Inform qualified maintenance or repair
personnel. Safety protection is likely to be impaired if, oW ARNING
example, the instrument shows visible damage, or fails to
operate normally.

WARNING THIS INSTRUMENT CAN DELIVER A

/N

LETHAL ELECTRIC SHOCK. NEVER
TOUCH ANY LEAD OR TERMINAL
UNLESS YOU ARE ABSOLUTELY
CERTAIN THAT NO DANGEROUS
VOLTAGE IS PRESENT.

CAUTION

DANGER electric shock risk

The productis marked with this symbol to indicate
that hazardous voltages (>30 VDC or AC peak)
may be present.

CAUTION refer to documentation

The product is marked with this symbol when the
user must refer to the instruction manual.

Earth (Ground) terminal

Functional Earth (Ground) only - must not be
used as a Protective Earth.

WARNING STATEMENTS IDENTIFY
CONDITIONS OR PRACTICES THAT
COULD RESULT IN INJURY OR DEATH.

CAUTION STATEMENTS IDENTIFY
CONDITIONS OR PRACTICES THAT
COULD RESULT IN DAMAGE TO THIS
OR OTHER PROPERTY.

Vi
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Protective Earth (Ground)
Protection Class I: Safe Operating Conditions

The instrumentmust be operated with a Protective Earth/Only operate the instrument within the manufacturer's specified
Ground connected via the power cable's protective earth/growsgerating conditions. Specification examples that must be
conductor. The Protective Earth/Ground connects to tlensidered include:
instrument before the line & neutral connections when the
supply plug is inserted into the power socket on the back of tambient temperature
instrument. ambient humidity
power supply voltage & frequency
WARNING ANY INTERRUPTION OF THE maximum terminal voltages or currents
PROTECTIVE GROUND CONDUCTOR altitude
INSIDE OR OUTSIDE THE INSTRUMENT ambient pollution level
IS LIKELY TO MAKE THE INSTRUMENT exposure to shock and vibration
DANGEROUS.
To avoid electric shock or fire hazadw, notapply to or subject
To avoid electric shock hazard, make signal connections to tine instrument to any condition that is outside specified range.
instrument after making the protective ground connectioee Section 6 of this manual for detailed instrument specifications
Remove signal connections before removing the protectie@d operating conditions.
ground connection, i.¢he power cable must be connected

whenever signal leads are connected CAUTION CONSIDER DIRECT SUNLIGHT,
RADIATORS AND OTHER HEAT

Do Not Operate Without Covers SOURCES WHEN ASSESSING AMBIENT
TEMPERATURE.

To avoid electric shock or fire hazardp not operate the
instrument with its covers removed. The covers protect uséfAUTION  BEFORE CONNECTING THE

from live parts, and unless otherwise stated, must only be INSTRUMENT TO THE SUPPLY, MAKE

removed by qualified service personnel for maintenance and SURE THAT THE REAR PANEL AC

repair purposes. SUPPLY VOLTAGE CONNECTOR IS SET
TO THE CORRECT VOLTAGE (115V OR

WARNING & 230V) AND THAT THE CORRECT FUSES
ARE FITTED.

A REMOVING THE COVERS MAY EXPOSE )
VOLTAGES IN EXCESS OF 1.5kV PEAK.  Fuse Requirements

To avoid fire hazard, use only the fuse arrangements that appear
in the fuse specification tablésee next pageAdditionally, the
supply network must be fused at a maximum of 16A, and in the
UK, a 13A fuse must be fitted in the power cable plug.

vii
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Fuse Requirements (continued)

F1 Power Input Fuse, Instrument

Supply (Line) Fuse Action Fuse Rating Wavetek Manufacturer
Voltage Selection IEC (UL/CSA) Part No. & Type No.
115 VAC . T 1A(1.4A) 920116 Littlefuse 215001
Time delay
TH :
230 VAC . 500 mA (700 mA 920084 Littlefuse 215.500
Time delay HBC ( )
F2 Current Function Fuse
Fuse Action Fuse Rating Wavetek Manufacturer
IEC (UL/CSA) Part No. & Type No.
FH 16A (2.0 A) 920071 Beswick S501/1.6A
Fast acting HBC
F3 Power Input Fuse, System
Supply (Line) Fuse Action Fuse Rating Wavetek Manufacturer
Voltage Selection UL/CSA (IEC) Part No. & Type No.
115 VAC T 10A (7 A) 920175 Littlefuse 326010
Time delay
TH :
230 VAC . 6.25A A Littlefuse 3266.25
Time delay HBC A 920114 retuse

viii
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The Power Cable and Maintenance and Repair
Power Supply Disconnection

The intended power supply disconnect device is the ON/OFFbserve all applicable local and/or national safety regulations
switch that is located on the instrument's front panel. The OBlind rules while performing any work. First disconnect the
OFF switchmust be readily accessible while the instrument isnstrument from all signal sources, then from the AC line supply
operating. If this operating condition cannot be met, the poweefore removing any cover. Any adjustment, parts replacement,
cable plug or other power disconnecting dewitest be readily maintenance or repair should be carried out only by authorised
accessible to the operator. Wavetek technical personnel.

To avoid electric shock and fire hazard, make sure thatthe poW¢ARNING FOR CONTINUED PROTECTION

cable is not damaged, and that it is adequately rated against AGAINST INJURY AND FIRE HAZARD,
power supply network fusing. If the power cable plug is to be the USE ONLY MANUFACTURER SUPPLIED
accessible disconnect device, the power cable must not be PARTS RELEVANT TO SAFETY. SAFETY
longer than 3 metres. TESTS MUST BE PERFORMED AFTER

REPLACING ANY PART RELEVANT TO
Instrument Terminal Connections SAFETY.

Make sure that the instrument is correctly protectively earthed
(safety grounded) via the power cable before and while aMOving
other connection is made.

) First disconnect the instrument from all signal sources, then
Installation Category I: from the AC line supply before moving the instrument.

Measurement and/or guard terminals are designed forconnec@ieaning

at Installation (Overvoltage) Category |. To avoid electric shock

or fire hazard, the instrument terminals must not be directfSirst disconnect the instrument from all signal sources, then
connected to the AC line power supply, or to any other voltagi®m the AC line supply before cleaning. Use only a damp, lint-
or current source that may (even temporarily) exceed thee cloth to clean fascia and case parts.

instrument's peak ratings.

WARNING TO AVOID INJURY OR DEATH, DO NOT  Observe any additional safety instructions
CONNECT OR DISCONNECT SIGNAL  or warnings given in this manual.
LEADS WHILE THEY ARE CONNECTED
TO A HAZARDOUS VOLTAGE OR

CURRENT SOURCE. ALWAYS ENSURE
THAT SIGNAL LEADS ARE IN A SAFE

CONDITION BEFORE HANDLING.







Section 1 - Introduction and General Description

4950 MULTIFUNCTION TRANSFER STANDARD
SECTION 1

Introduction and General Description

Designed specifically to calibrate DC and LF calibrators at standard target values, the 4950 provides
high-performance, traceable transfer measurements in DC Voltage, AC Voltage, DC Current, AC
Current and Resistance.

Features

The 4950 is a self-contained, programmable Transfer Standard, capable of fully-traceable, high-
accuracy calibration of the latest generation of high-performance multifunction calibrators.

» Wide Application - supports all Datron models, and other manufacturers' calibrators.

« Transfer Traceability - transfers traceable accuracy directly to the calibrator output
terminals for all ranges, and functions.

« Fully Automated - provides full automation of calibration process and data for Statistical
Process Control techniques to define tailored certification intervals. Operates in industry-
standard PC environment.

« Portability - specifically designed and constructed for extensive travel.
« Cost-Effective - provides 'in-situ’ calibration, drastically reducing calibrator downtime.

« Tight Verification - closed-loop process for calibrating a calibrator.

11



Section 1 - Introduction and General Description

Closed-Loop Transfer Processes

Introduction

Where does the 4950 Normally Reside? or excessive driftintransit. The down-time due to the calibrator's
The 4950 is designed to transfer multifunction traceability frombsence causes a break in the calibrator use, sometimes causing
Standards Laboratory to Calibrator, sometimes over considerablaser to obtain duplicate facilities.

distance. It may be owned by, and reside with, the us@rosed—Loop Transfer

O;ganizl_ztior) which glsobown?]trtl)e cslibrator,bor. itmay fo:jn;)pa'&ts well as being specially designed to withstand travel in normal
of a calibration service bought by the user, being owned by th&; 1t channels, the 4950 makes it possible to close the loop by

service operator. checking its drift due to transit. To do this it retains its original
Open-Loop Transfer adjustment factors, known as '‘Baseline Corrections' which are
In either case, traceable accuracy flows from the Standards affected by calibration to the standard, and so its performance
Laboratory to the user's calibrator. This is also true for a syst&@fore travelling can be compared with that after it returns. A
in which the calibrator is sent away for its own calibration, snajor advantage is the reduction of calibrator downtime, by
normal arrangement in which the transfer is open-loop, relyimgnploying a parallel process to effect the transfer, while the
on the stability and reliability of the calibrator to avoid damagealibrator remains in use.

' p

User's @ 4950 Standards
Calibration Pre-transportation Transportation Laboratory
@ 7 to Standards
Laboratory | On;;;asr(l)son | ) e —

Laboratory Standards

Traceability
Flow

| 4950 |

@

Loop
Closure

Measurements using
Baseline Corrections
Stable Calibrator

(usually, and ideally, the
calibrator to be calibrated)

Measurements using @
Baseline Corrections

| 4950 |«— 4950 4950

Traceability ‘ Post-transportation Transportation @

Traceable Calibration of
4950 to Laboratory
Standard using 4950
‘Certified’ Corrections

I Comparison back from
AL P Standards
and Difference
- Laboratory
Calibrator to Measurement
be calibrated @

Traceable Calibration Transfer of
of Calibrator to 4950 using Traceable
4950 Certified Corrections / Accuracy

O—

Fig. 1.1 Closed-Loop Transfer — 4950 Resides with the Calibrator




Section 1 - Introduction and General Description

Two Ways to Close the Loop

User Owns the 4950 (Fig. 1.1)

The 4950 normally resides in the user's calibratioB. Certified Calibration
laboratory, and will need to be sentto the standards Stages 3, 4& 6
laboratory for its 'Certified Corrections' to be

updated to traceable standards. ThenitissentbackThPT Ce'f“ﬁed corrections are updated by
to calibrate the user's calibrator(s). calibrating the 4950 at the Standards

Laboratory, returning with the 4950 to calibrate
To check whether there has been excessive drift the owner's calibrator(s). Note that the post-
during tranSit, or whether it has been damaQEd, All transportation Comparison stage 5 (process 1)

functions and ranges of the 4950 are checked muysthe carried out before the calibration stage
before transportation to the standards laboratory ¢ (process 2).

thenagainonitsreturn. Thisis done by comparisq ) . .
with a stable device in the user's laboratory, mog—:he only difference between the 4950 configuration

probably the calibratoritis to calibrate, or the mos"g each process is the type of corrections applled 0
stable one (the 'check' calibrator) if there are N measurements. The 4959 hardware, firmware
number. For the best results, the check caIibratgpd internal processes remain identical.

should be left switched onin the same environmertone-to-one dependency therefore exists between
while the 4950 is away. the measurements taken in the comparison loop
and in certified calibration, justifying the

There are really two processes here:
complementary use of the two processes to convey

traceability.
1. Baseline Comparison Loop Because the same 4950 will be used by the owner
Stages 1,2,48& 5 of the calibrator(s) for subsequent calibrations, a

history can be built up over a number of calibration
This checks the performance of the 4950 againgycles. This generates confidence in the
the same device before and after travelling tperformance of the overall system. Such confidence
and from the Standards Laboratory, using onlgan lead to the introduction of 'Statistical Process
the invariant Baseline corrections for the 4950Control' (SPC), which can increase the period

between calibrations, improving the efficiency of
Because the 4950 can be involved in calibratingll processes.

one or more calibrators on return from its visitl_
to the Standards Laboratory, the (historically%)
most stable calibrator should be used for the
Baseline comparisons.

he second method of closing the loop is described
verleaf.

1-3



Section 1 - Introduction and General Description

Two Ways to Close the Loop (Contd.)
4950 Resident in the Standards Laboratory  (Fig. 1.2)

When the 4950 resides in the standards laborato?y Certified Calibration
of an organization offering a calibration service, it Stages 1, 3,4& 7
will need to be calibrated and certified at the user's
target values, and sent to the user's calibration
laboratory for Certified calibration of calibrator(s).
Then it is sent back to the standards laboratory.

The stored Certified corrections are updated by
calibrating the 4950 at the Standards
Laboratory, then sending the 4950 to calibrate

. _the owner's calibrator(s).
To check whether there has been excessive dnfh

during transit, or whether it has been damaged, A-ﬁ N onIydn‘ferenpe between the 4950. conflgurqnon
functions and ranges of the 4950 are checkd each process is the type of corrections apphed to
before transportation to the user, then againon i e measurements. The 4950 hardware, firmware

return. This is done by comparison with stablé?md internal processes remain identical.
standards (check standards) in the standardsone-to-one dependency therefore exists between
laboratory. Forthe bestresults, the check standartifie measurements taken in the comparison loop
should remain switched oninthe same environmeand in certified calibration, justifying the
while the 4950 is away. complementary use of the two processes to convey

Again, there are two procesqesg 1.2) traceability.

User-confidence in the calibration comes from the
confirmation that the baseline loop comparison
] ] was successful. Therefore the communication at
1. Baseline Comparison Loop stage 7 is essential in the process. From the user's
Stages 2, 3,5,6& 7 point of view, the process is open-loop until this

This checks the performance of the 4950 again&POrt has been given.

the same device before and after travelling tgs for the user-owned case, an integral history can
and from the User's Laboratory, using only thée built up over a number of calibration cycles, but

invariant Baseline corrections for the 4950if the same 4950 is not used, then the traceable
which were stored at manufacture. uncertainty will increase, reducing confidence.

Also, for the previous case of user-ownership, by
dedicating the 4950 to calibrators in the user's
laboratory; extra certified comparisons between
calibrators and the resident 4950 can be interposed.
This will give higher confidence and more detailed
trend data for Statistical Process Control.
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User's Calibration
Laboratory Transfer of

Standards
Laboratory

@& Traceable &

Accuracy

©)

Traceable Calibration
of Calibrator to 4950 using
4950 Certified Corrections

@

Pre-transportation

—@
Traceable Calibration of
4950 to Laboratory

Standard using 4950
‘Certified' Corrections

Calbralor o 4950 Transportation to Comparison
User's Laborato
be calibrated Y I 4950 H 4950 I
— Measurements using Traceability
Tr aceablllty Baseline corrections Flow
Flow
I 4950 Loop Stable Traceable
Closure ‘Check’ Standards Laboratory Standards

]

Measurements using
Baseline corrections

| 4950

4950 Transportation
back from
User's Laboratory

Report result of

Difference Measurement
(User's Confidence)

Fig. 1.2 Closed-Loop Transfer — 4950 Resides in the Standards Laboratory

Post-transportation
Comparison
and Difference
Measurement
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Design for System Use

Introduction Minimum Computing Hardware:

Many operations are necessary to complete all thdéost computer. PC compatible with 80286
processes required for traceable calibration of a processor, 12MHz clock,
calibrator, on all its functions and ranges. The two 4MB of RAM, keyboard
scenarios described gmages 1-2 to 1-Zeach and mouse operation;

gvlc_)éve _four complmlle;e Setﬁ' cf;f measurlement:%perating System DOS 3.31 or later,
alibrating manually from the front panel can be Microsoft Windows

time-consuming, with distinct possibilities of

X ) version 3;
operator-error, so automation of the processes will .
bring several benefits. Hard Disk: 20Mbyte;
The 4950 is therefore designed primarily to fornfloppy Disk: 3.5" or 5.25%
part of a remote control system, conforming tQyonitor : VGA (color or mono);
IEEE 488.2 Standard Digital Interface. . . .
Printer : 9-pin dot-matrix.

Remote control information is given $ection 5
This data fulfils the Device Documentation
Requirements of the standard (summagention

5 Appendix A

To simplify remote operation, a suite of software
programmes has been constructed which can drive
the 4950 and a multifunction calibrator through all
the 'Closed Loop Transfer Processes' described on
pages 1-2 to 1-5

Transfer Process — Automated Control

The application software for calibration of Datron
calibrators runs on hardware which meets the
following criteria:
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Program Functions

The software suite is divided into two main programs, which runin the MS-Windows environment. The
following selections are available within the programs:

1. CAL-CAL.ATS is used to perform baseline2. MTS-CAL.ATS is used to perform certified
comparisons and certified calibration or calibration or verification of the 4950 to the
verification of the calibrator to the 4950. Laboratory Standards.

Verify and Adjust drives both the
traceable Laboratory Standards and the
4950 to modify the certified corrections of
the 4950, on all or a selection of its functions.
Page 1-2, Fig 1.1, Stage 3;

Page 1-5, Fig 1.2, Stage 1.

a. Pre-Transportation performs the Pre- a.
tranportation baseline comparison, and
stores the results.

Page 1-2, Fig 1.1, Stage 1,
Page 1-5, Fig 1.2, Stage 2.

b. Post-Transportation performsthe Post-

tranportation baseline comparison, and
creates a file which stores the differences
between the pre- and post-tranportation

Verify drives boththe traceable Laboratory
Standards and the 4950 to check but not
modify the certified corrections of the 4950,

on all or a selection of its functions.
Page 1-2, Fig 1.1, Stage 3;
Page 1-5, Fig 1.2, Stage 1.

results.
Page 1-2, Fig 1.1, Stage 5;
Page 1-5, Fig 1.2, Stage 6.

c. Verify and Adjust drives both calibrator
and 4950 to correct the calibrator, on all or
a selection of its functions, using the
certified corrections of the 4950.
Page 1-2, Fig 1.1, Stage 6;
Page 1-5, Fig 1.2, Stage 4.

d. Verify drives both calibrator and 4950 to
check the traceable accuracy of the
calibrator, on all or a selection of its
functions, using the certified corrections of
the 4950.

Page 1-2, Fig 1.1, Stage 6;
Page 1-5, Fig 1.2, Stage 4.
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Section 1 - Introduction and General Description

Operation from the Front Panel

General

Although the 4950 is designed primarily for system operation, over a wide range of functions and values,
it is often required to operate from the front panel.

‘Hard’ and ‘Soft’ Keys - Menus

Hard keys (labels printed on the keys) and softhe Test key displays a menu which provides
keys (labels on the separate 'menu’ display) allomccess to a series of selftests.
the 4950 to be configured for a wide range of A confidence selftest:

operations.

» Atest of the displays;
The hard key of one of the main functioB3V, estotihe displays

ACV, Ohms, DCI or ACI) selects the relevant * A test of the front panel keys;

circuitry, at the same time displaying its ownDetails of these selftests can be found in Section 4
menu. Once a main function is active, @@nfig  of this handbook. The confidence selftest can also

hard key can be used to alter the configuratiome carried out under remote control via the IEEE
Each soft key is marked with an arrowhe&dl, 488 interface.

ointing to its label in the menu display.
P g Pay TheCert key displays a menu for a user to choose

The Status hard key present a list of configuredeither Certified or Baseline corrections, which will
parameters on the menu display (function, ranggzen be applied to all measurements. The choice

band, accuracy mode and type of correctionkan also be made under remote control via the
During any warm-up period, the Status displayegE 488 interface.

shows the time remaining to stabilization. With
Status selected, ti@onfig hard key can be used to
view or alter the IEEE-488 bus address, or to check
the serial numbers of the instrument, the 4-wire
Ohms lead and the 10A shunt.

The Monitor key permits access to such
information as internal temperature states; the
signal frequency of an AC input signal being
measured; Baseline and Certified calibration
dates; the present time; and reading quality.
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Menu Structures

The menus are arranged in tree structures, leading
the user through their branches to an end node, at
which the physical circuitry or software selections
of the instrument can be changed to suit the
required parameters. For ease of use, each track
from main function to end node involves the
minimum number of user selections.

Switching instrument power ON forces all
functions into a safety default state for a stabilizing
warm-up period (initially 6 hours). Users have full
access to the functions and facilities of the
instrument during this warm-up.

Exceptfor 2-wire measurement on the 1V and 10V
ranges of the AC Voltage function; once a function
orrange is configured to a required state it remains
in that state, regardless of subsequent
configurations in other functions, until either the
state is changed or the instrument power is
switched off. On returning to each function or
range, the most-recently configured state is
restored. In the exceptional case of 2-wire
measurement as referred above, any change of
frequency band or range will default permanently
to 4-wire measurement.

As an introduction to the main function keys and
their associated menus, users can follow a guided
tour through the main tree structures, sequenced in
Section 3. The full range of facilities, together
with access information, is detailed in Section 4.
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Section 1 - Introduction and General Description

Calibration Message Readout

Autocal

The 4950 provides full external calibration of allGenerally, the selections offered in the menus
ranges and functions from the front panel; thuseflect the availability of facilities, incompatible
making the removal of covers unnecessary.  combinations being excluded. Nevertheless, the

As part of the transfer process, the 4950 ienu display doubles as a message screen, giving

electronically calibrated against traceable extern clear readout of information to the user such as

standards, where any differences between tﬁg\suitable attempts at configuration, test failures
instrumen’t’s readings and the value of th@ndsomeotherconditionswhichwould needto be

standards can be used to derive ‘Certifietﬁeporte{j to a Datron service center.

corrections. These are stored in non-volatile
memory, and later serve to correct all 4950
measurements when calibrating a calibrator. PTOCe€SSOr

The 4950 is primarily designed to be calibrateq-he instrument is internally controlled by a 68000

under remote control via the IEEE 488 Inte‘rfaceseries microprocessor. It ultimately translates all

A suite of programs (MTS Software pack) isinformation, either from the front panel keys or

?Va}l'.lgble’ providing comprehensive operating.,m remote control, according to its program in
aciiities. firmware, into control signals which determine the

. . . instrument’s operation.
Calibration Security P

A recessed Calibration Enable/Disable switch on
the rear panel prevents accidental use of the
Calibration mode. For remote operation; in
addition to operating the Enable/Disable switch,
an 'enable' command is required to gain access to
calibration operations.

Calibration Commands and Routines

The effects of hard and soft keys, when in
Calibration mode, are describedSaction 4 The
IEEE-488.2 calibration commands are detailed in
Section 5 Routine Calibration procedures appear
in Section 8
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Section 1 - Introduction and General Description

Accessories

The instrument is supplied with the following accessories:

Description Part Number

Power Connector Cable (L1949)
Input Cable Assembly

920012
401035

Power Fuse (230V use) T500mAH (see Safety Issues section) 920084

Power Fuse (115V use) T1.0AH (see Safety Issues section)
Hex Key 1.5mm AF (Handle removal)

4950 System User’'s Handbook

4950 Instrument User’'s Handbook

User’s Quick Reference Guide

Ruggedized Transit Case

Control Software 4951

Optional Accessories

The following accessories can be purchased for use with the 4950:

Description

Option 80: 115V, 60Hz Line Supply (no charge)
Option 81: 115V, 50Hz Line Supply (no charge)
Option 90: Rack Mounting Kit

Option 95: Rack Slide Kit

Model 4953: 10A Shunt

920116
630284
850280
850270
850914
401072
401073

440153
440163
401034
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2-wire Connection
in DCV & ACV; ‘
1V, 10V, 100V
& 1kV Ranges
(But not in 100kHz band
of ACV 1kV range)

f Hi ‘ 10A DCI
| O—T—O/1

‘ I Ohms
Oi

Vv

O
ACV
10A ACI

Ohms
O

DCV/ACV
10A DCI/ACI

AC Millivolt
Preamp

I- ‘ 1O |
‘ ACI O [{Q DCI |
Ohms Current To each In-Guard |
G d Converter In-guard <«——| Power

uar ‘ Assembly Supp”es |
o

to 4950

Guard

Case

4953 External
10A Shunt

. Isolation

Y
Analog
to Digital
Converter

|
|
|
|
Reference ||
|
|
|
|

Digital
Section

To each

Remote Controller
(PC-Compatible
with
Windows 3®)

Control
Software

-

IEEE 488
Bus

IEEE 488
Remote 1/0

IEEE 488
Interface

Keyboard

Displays

Display
Supply

Out-Guard
Power
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Assembly Supplies

Fig. 1.3 4950 - INSTRUMENT SIMPLIFIED SCHEMATIC

N.B. The Function and Range switching on this block diagram is purely symbolic.
Functional flows only are shown; these should not be taken as physical connections.

® Windows 3 is recognised as a registered trade name of Microsoft Corporation
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Principles of Operation
Precision MTS Design

Introduction

The 4950 Multifunction Transfer Standard isalso employs a method of calibration which is
designed for calibration and standards laboratoijesigned to enhance performances across the entire
applications, and so takes full advantage of theange of its functionsFigure 1.3shows how the
inherent qualities of critical accuracy-defininginstrument achieves its basic measurement
components to achieve its high performance. ftunctions.

Basics The Role of the 4950 MTS

DC Voltage measurements are made by passidg described earlier, the 4950 is intended for use
the input signal to a DC amplifier, which amplifiesin closed-loop processes, transferring traceability
or attenuates the signal to a level compatible witfrom a set of prime standards to remote calibrators.

the input requirements OT the Analog to _D'g'taLI'hese transfers are not carried out over the whole
converter (A-D). T_he readmg'fror.n the A-D ISthenspan of the calibrators' functions and ranges, but
trapsfer.red to the_ Instrument's microprocessor foére limited to target values (usually cardinal values).
calibration and display. So the 4950 does not measure the full span of any
AC Voltage inputs are conditioned by the ACcalibrator range; its accuracy is improved by
preamp and a precision full-wave rectifier. Theconfining measurements to narrow target bands
rectified signal is applied to an electronic RMSusually£10% of the nominal target value).
converter, which generates an accurate DC anqlﬂgAC functions, the measurementis also restricted

of the signal's RMS value. This DC level is;
nto frequency bands (usuatyl0% of the target
digitized by the A-D converter. I quency (usuatit0% g

frequency). This reduces flatness errors across the
On AC millivolt ranges the input signal is first frequency band.

Cﬁnditiongd dby aggre?mplifier \./vhosell gdain ir?AII value bands are calibrated separately, (in AC
characterized at x30. Its outputis applied to t ﬁmctions,separatelywithineachfrequencyband).

ACY] mpﬁ_t C||rcunry, whose gain is configured fgrawe use of mark-period control of output value in
each millivolt range so as to present a standajfjo e calibrators permits complete linearity

(full range) input of 9V to the A-D converter. correction to result from a single full scale
Resistance is measured by passing a constamrrection on one range (nominally 190%FR).

current through the resistor under test anqlo benefit from common analog characteristics,

measuring the DC volta_ge 'ghat develpps across {he yalue bands are grouped to match those of the
using the DC Voltage circuits of the instrument. Datron and other popular calibrator models.

DC or AC currents pass through precision intern% the functions, value ranges, value bands and
shunts; the voltages that develop are measur?:gi

ino the DCV or ACY . fthei guency bands can be accessed via the remote
using the or sections of the instrument, - = _158a interface.
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Analog to Digital Converter

Introduction

The instrument’s analog-to-digital converter (A-Specific Integrated Circuit’ (ASIC). A simplified
D) takes the form of a highly linear, low noise, fasschematic is given &g. 1.4 The A-Disinvolved
and flexible multislope integrator. Timing, countingin every measurement in ACV, mV and AC/DC
and control are executed by a custom ‘Applicationeperation.

( N
Il
Signal 2R
o |
Sig Switch A =
& . vo Wy -
. .
IRef+ Integrator
Ref Switch |- 1st Null
o : Detector 2nd Null
IRef- V Detector
Sub Ref+ —————
O—— Sub-Ref |: |
o——1 Switch :
Sub Ref- —$4 :

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; ‘

FIG. 1.4 MULTISLOPE OPERATION - SIMPLIFIED A-D SCHEMATIC

- A A N N A
—
FIG. 1.5 MULTISLOPE OPERATION - SIMPLIFIED A-D WAVEFORM
\_ J
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Multislope Operation (Figs. 1.4 and 1.6

Multislope operation permits the integrationThe timing and counting considerations with this
capacitor value to be smaller than normally requiredesign of A-D are quite complex. Programmable
for a more conventional circuit, greatly reducingdelay timers, a ramp timer and a counter for the
problems due to dielectric absorption. Referenceumber of completed ramps exercise great control
switching errors are reduced to a constant valufiexibility over its performance. All of these
which are subtracted from the reading by thémers and counters are integrated into a custom
instrument’s microprocessor. A further benefit isASIC which includes a 32 bit control register,
that both the signal and the reference may h@ogrammed by the instrument’s microprocessor
applied to the integrator simultaneously, greatlyia a special serial interface. The same serial loop
reducing the conversion time. A digital autozerds used to transmit the reading from the ASIC to the
system avoids the need for the more commaprocessor for calibration and display.
sample-and-hold type of autozero circuit.

A-D Features
The result is a compact A-D with the following features:

< Excellent rejection of normal-mode power-line interference (Integration time
is fixed at 200ms, an exact multiple of 60Hz and 50Hz line supply periods).

e Excellent linearity.

e Low noise of < 0.05ppm of full scale.

A-D Master Reference

Reference Module Module History

The reference used in the analog to digitaExtensive evaluation of successive reference
conversionis derived from a specially conditioneanodules has resulted in a burn-in process which
zener reference module. It contains the refereneguates to an ageing of 1 year, reducing infant
device and its associated support circuits. Theortalities and improving stability. Following
module is stable to withitdppm per year, produces this process, all reference modules are checked
pk-pk noise lessthan 0.1ppm, and has atemperatareer a temperature span of@to 70C for
coefficient better than 0.15ppfA@. This temperature performance, and then monitored for
temperature coefficient is held over a temperatuleng term drift over a period of three months
span of OC to 70C, and the reference exhibits minimum.

negligible temperature shock hysteresis.
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DC Voltage

DC Preamplifier (Fig. 1.6

Basic Design Effects of Bootstrap
The required input characteristics are achieved biyo give a high inputimpedance, the DC amplifier
using a differential FET input to give low inputalso drives a bootstrap buffer. This forces the
current characteristics, coupled with a multistagpotential of guarding tracks (that surround the Hi
design to ensure good bandwidth and overall gainput track) to follow the input voltage. Also, each
characteristics. This basic design is enhanced liy-guard supply used to power the DC amplifier is
employing the amplifierin a synchronized choppemade to track the input signal level by reference to
configuration. Noiseis also reduced by this methodhootstrap. The DC amplifier thus sees no change
A second amplifier stage provides most of thén input signal relative to its supplies, so achieving
forward gain with the frequency gain-compensatioma very high common mode rejection, eliminating
necessary to give an effective amplifier bandwidtlany potential common mode non-linearities.
of IMHz.

Protection
Ranges The instrument can measure up to 1000V and can
Extremely stable resistance units in the rangeithstand a continuous overload of 1000V on all
switching network and input attenuator configurddCV ranges. Back to back zener diodes and a
the DC amplifier gain to define the DC Voltageseries resistor provide protection for the DC
ranges. Toensure that no spurious leakage curreataplifier. Further dynamic protection is provided
cause linearity, temperature-coefficient or drifin the form of larger series resistors in the input
problems in the attenuator chains; the pcb trackdtenuator, which switch in whenthe signal exceeds
connecting the resistor units to the circuit are certain threshold.
carefully guarded.

4 N
fDC Ilnputt Read DCV Chopper
éorq Epu External Input Amplifier
witching Input Select
Q-0 Input
Read Attenuator
Internal x To A-D
Signal R
g A-D Clock Range MUX
Switching
Internal t >
Signals Bootstrap %
| >
Input Bootstrapped
Protection Supplies
9 FIG. 1.6 4950 DCV PREAMPLIFIER )
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AC Voltage Operation

Current-to-Voltage .
Converter 2.8 Gain

ig S1 Buffer
Vsig u
RMS ™S =
— ~~> | Detector x y Vout

Precision
Attenuator

& Preamp
S2
Bessel
Vbias IOUt
Sample
d Hold
N 4 s4 2N S5
Vbias = Vout — + {>ﬂef >
DC Reference for
Quasi-Sinewave Calculable | Quasi-Sinewave

Source
Generator

Measurement
Sequence
Switching
(S1-S5)

Filter
Switching

Quasi-Sinewave

Range
Timing

Switching

A-D
Control

A-D
Converter

Processor
System

Measurement
Data

\ FIG. 1.7 4950 ACV OPERATION )

Attenuators and Preamp

Basic Design (Fig. 1.7) Attenuator Elements

The basic design incorporates a DC-coupled@ihe attenuators, which configure the amplifier

preamplifier, which has relatively high inputgainto define the high-accuracy AC Voltage ranges,
impedance (124R//150pF on the 3V to 100V consist of extremely stable metal foil resistors,

ranges; otherwise 4044/90pF). The gain- packaged in large hermetic-seal cases. Similar
defining resistor chains are guarded, and thiypes are used in the 1V range protection chain.

remaining time (_:onstants are se_t above IMHz Sfo ensure that no spurious leakage currents cause

that hardware trims are not required. linearity, temperature-coefficient or drift problems

in the attenuator chains, the sealed cases form a

guard at HF, driven by a capacitor chain. Within
he cases of the attenuator elements, the resistor
alues are split and the junctions guarded to effect

a high degree of frequency flatness.

Range Selection

There are three main attenuators:

1. Apermanent 1kV/300V attenuator for overloa
sensing;

2. A 100V/30V/10V/3V attenuator, switched in
parallel with the 1kV/300V attenuator;

3. A1V/300mV attenuator in the unity gain buffer,
in series with the 1kV/300V attenuator.
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AC Voltage Operation (Contd.)

Attenuators and Preamp (Fig. 1.9 RMS Converter

DC Coupled Preamp Conversion Process

In order to minimize the input capacitance to th&MS conversion is based on a modified analog
preamp, reed relays are used to select the sigmalltiplier, consisting of a ‘squaring’ logarithmic
paths for the various ranges. The preamp bootstragsplifier whose output is buffered into a balanced
extensive pcb tracking to guard the attenuatorgxponential amplifier.

input tracking and reed relays; it also drives %he DC current output of the squaring circuit
bootstrap buffer which forces the preamp powey, v s hronortional to *Vir? if a fixed source-

suppliesto follow the input signal level by referenc%,urrentbias is applied to the logging and antilogging
to bootstrap. The preamp thus sees no Changeéf?ements The transfer function is

m_pgt .s.|gne_1l r_elatlve to _|ts supplies, again lout 0 Vin?/ (R? X Ibias)

minimizing its input capacitance and achieving _

very high common mode rejection. whereR is the common value of balanced source
resistors andbias is the common source-bias

Separate PCB . . . S
N current for the logging and antilogging circuits.
The whole attenuator and preamp circuitis mountecl’l gging gging

on a separate sub-assembly, mounted above t#it is converted into a DC voltagiut which

main High Accuracy ACV printed circuit assembly.Ultimately becomes the RMS Converter output.

. . . . However, in order to apply the ‘square-root’
The preamp s run atunity or X3 gain depending %Blement of the computation, this voltage is fed

range §election,with corresponding compensatio&jlck to provide a current bias whose amplitude
switching. Its output voltage is fed to the RMsfollows lout, and this forces lout to a value
Converter on the High Accuracy ACV printed

. -
circuit assembly, from which the compensatior?rOportlonaII to/(Vin?).

current for the preamp signal current into thd he transfer function now becomes

signal ground (0V-4) is derived. lout 0 Vin?/ (R? x lout)

Protection as R is constant this leadsltait? 0 Vin?, and to
The instrument can measure up to 1100VRMS arl@ut 0VVin2 After current-to-voltage conversion
canwithstand a continuous overload of 1100vVRM@nNd filtering, this give&/out 0 vVVin? as the DC
or 1556V peak. Overload is sensed by a resistor@¢tput voltage fed to the A/D, subject only to
the low end of the 1000V/300V attenuator; andalibration.

protection is activated from the HIACC_AC pcbh.

Two series resistors, referred to two zener diodes,

absorb the overload energy for up to 1 second, by

which time the protection system will have

disconnected the instrument input from both the

100V/30V/10V attenuator and the preamp input.
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Transfer Loop

Transfer Process (Fig. 1.7)
Three internal measurements are made f®irst Measurement(M1): Third Measurement (M3) :

determine the precise RMS value of theThe uncorrected RMS value of the inputThe quasi-sinewave is measured by the
signal. The first is an estimate (to abouskignal (Vsig) is measured directly by theRMS converter, A-D and processor.

19%) which is also a function of the gain of A-D and processor. The DC analog valu
the RMS Converter. The other two areof Vout (Vref) is memorized in the
used to determine that gain and then applgample-and-Hold circuit:

corrections to the first measurement.

%1 open Vsig is not applied;
S2 closed drives the RMS Converter
from the quasi-sinewave for

S1 closeddrives the RMS Converter the measurement;
Calculable Source Generator from Vsig; S3 closed applies Vout for the quasi-
The Sample-and-Hold circuit provides aS2 open prevents the quasi-sinewave sinewave to the A-D and
memory of Vout, to be used as reference from interfering with the processor for measurement;
forthe Calculable Source Generator. This measurement; S4 open Vref remains frozen;
in turn constructs a ‘quasi-sinewave’S3 closedthe A-D and processor S5 open prevents Vref from
whose amplitude and form factor are evaluate the first estimate; interfering with the RMS
known, in order to ensure that the transfeg4 closed Vout is sampled; measurement of the quasi-
is a true AC to AC process. S5 open removes Vref from the sinewave;
Transfer Sequence Switching direct measurement of the _

input. Final RMS Computation

Figure 1.7shows the arrangement of the . )
elements in the loop. The positions of If the gain of the RMS Detector, Filter
switches S1-S5 are altered by firmware to>econd Measurement (M2) and Buffer is G (not precisely known),

generate the three-measuremenyY'effromthe previous measurement (M1)then:

:\.j,lmeashglredhby the.AjD and proceT_sor. M1 = G.Vsig(RMS);
eanwhile, the quasi-sinewave (resultin o Vsig(RMS) = M1/G.

from Vref) is applied to the RMS converter _ _

to allow settling for the next measurement2 and M3 are combined to determine G

sequence:

(M3). very precisely:
S1open Vsigis removed; G = Transfer Measurement / Transfer
S2 closed drives the RMS Converter Reference = M3/ M2.

from the the quasi-sinewave Thjs is used to eliminate G:

(settling only); . _
S3 open removes Vout from the Vsig(RMS) = M1.M2/M3.

measurement;

S4 open freezes Vref;

S5 closed the A-D and processor
measure Vref.
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Resistance Current

Introduction (Fig. 1.8 Switched Precision Shunts  (Fig. 1.9
This function is achieved using a set of constarior Current measurement up to the 1A range,
current sinks and precision shunts in conjunctioswitched precision shunts are fitted internally.

with the DCV measurement capability. The unknown current passes through one of these,
and the resulting voltage is measured. The shunts
Switched Constant Currents and the source of the current are protected both

The constant current is sourced from the lowelectronically and by a 1.6A fuse, accessible on the
follower, but its value is determined by switchedear panel.

feedback elements in the current sink (Curr?r&or Current measurement on the 10A range, the

mirror). Conventional current flow is as shown iny ..o model 4953 is required (gEme 1-1%and
Fig. 1.8 through the unknown resistance from th?\ppendix Ao this section)

I+ contact to the I- contact of the input plug. o
For DC Current measurement the DCV circuitry

Voltage Measurements measures the shunt voltage.

The unknown resistance value is obtained bgor AC Current measurement the DCV circuitry
measuring the voltage across the resistor terminafgeasures the shunt voltage.

then digitally dividing this voltage by the (known)

constant current.

With the unknown resistor as the negative feedback
path for the low follower; the potential at the
resistor Lo terminal is passed, via the isolating
inputs of the low follower, into the DC Voltage
assembly. Here it sets the reference common for
the DC Preamplifier. The voltage at the resistor Hi
terminal drives the DC Preamplifier Hi input, so
the DCV circuitry measures the voltage across the
resistor. The DC Voltage range to be used is set by
the Resistance range (and hence by the value of
constant current in the unknown resistor).

Calculation of Resistance Value

The constant current for the range is known and
characterized in firmware. Once the voltage has
been measured via the DC Preamplifier, A-D, and
digital circuits, it is divided by the stored current
value and the result is presented to the Main
display.
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RXx
® O}
I- Lo ) I+ Hi
Terminals
of Input Plug
Range Range DV
Current Current Preamp T
) . A-D
Low Follower /T—)
= —O 10—
v DCV
Two Wire Two Wire Range
Switching
I
YL |
ov !
(MECCA) |
|
Ohms Range I
< Ogr\zist;ﬁ]ng e ----------- —Selection—f-->» - - - - —— - -~
(By Software)
0 Internal
References =
Switched REF To
Constant-Current Sink A-D
Ohms PCB ) \DC PCB
FIG. 1.8 4950 OHMS CONVERTER
© Current to be > + ToA-D
[+ kjllregsurcéd aci] Measured DC PCB -
Shunt 4/7
Voltages Preamp
Sgﬂifgn?f Input Range- § V 100mV DC Range
tobe Plug Switched
Pins Precision
Measured shunts AC PCB ToA-D
l—‘MMi Via RMS
Converter
>
N 100mV AC R ARy
|- \ Current PCB) i BT Preamp

FIG. 1.9 4950 CURRENT CONVERTER
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Appendix A to
Section 1 of the
User’s Handbook for
Model 4950

10A Current Shunt Model 4953

Use of the 4953

The 4950 Multifunction Transfer Standard isReference is made to the requirement for an
designed for DC and AC Current calibrationidentified 4953 10A shunt in the 4950 User's
applications up to 1A using internal shunts. Handbook:

For DC and AC Current calibration up to 10A, the gect?on é page331—2161 an;;gzo
user requires the 4953 10A current shunt. ection 3 pages 3-26 10 3

Moreover, the same shunt needs to be used at all gect?on ‘51 pages géi to gg?
stages in the transfer loop. ection 5 pages 5-34 10 5

AC/DC Shunt 1
10 Amps

4953 {

11A
RMS

max |_
Hi Lo Case L&
\ Q Q a 30V pr max

Connecting the 4953 to the 4950 10A Range Selection and Specification

The 4953 is connected as a current sensing resistbhe 10A range cannot be selected until the serial
in the same way as the 4950 internal shunts, but alimber of the 4953 has been entered in a DC
the connections are made externally. Current menu. Once the 4950 is setto its DCI 10A

The current to be measured is passed through ti19€ the DCV 100mV range is automatically

4953 shunt via its I+ and I- terminals. and th(_._.s,elected, taking its input from the 4950 Hi and Lo
' For the ACI 10A range, the ACV

sensed voltage is passed toits Hiand Lo terminatgrm'nals' . .
respectively. The Hi and Lo leads of the 495&00mv range is employed in the same way.
input cable connect to the corresponding 4958he 4953 is calibrated only via the 4950, so the
terminals. For guarding purposes, the 4950 guagpecifications for the 4953 are described by the
lead connects to the 4953 'Case' terminal. 4950 DCI and ACI 10A range specifications.
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Section 2 - Installation and Operating Controls

SECTION 2 Installation and Operating Controls

This section contains information and instructions for unpacking and installing the Model 4950 Multifunction Transfer Standard.
It also introduces the layout of controls on the instrument.

Unpacking and Inspection Calibration Enable Switch S2

Every care is takeninthe choice of packing materilMPORTANT
to ensure that your equipment will reach you ifThis two-position rear-panel switch protects the
perfect condition. instrument calibration memory.

If the equipment has been subject to excessivEhe instrument was initially calibrated at the
handling in transit, the fact will probably be visiblefactory, so the switch should always remain set to
as external damage to the shipping carton. DISABLE, until immediate recalibration is

In the event of damage, the shipping container aﬁﬂtended'
cushioning material should be kept for the carrier’&or Recalibration:
inspection. If the external calibration menu is selected while

Unpack the equipment and check for externe{he key is not in the enabling position, the menu is

damage to the case, sockets, keys etc. Ifdamagéqglaced by the warning message:
found notify the carrier and your sales

representative immediately. 1002: calibration disabled

Standard accessories supplied with the instrument
should be as described in Section 1.
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Section 2 - Installation and Operating Controls

Introduction to the Front Panel

N

The two displays on the front panel deal wittBeneath the dot matrix display, all keys other than
different aspects of operation. We set up ththe Power key are associated with menus. The
instrument’s configuration using menus shown ikkeys beneath the main display are direct action
the right-hand (dot-matrix 'menu’) display, therkeys, associated with triggers, remote control,
readings appear in the left-hand (‘'main') displayinput zeroing and instrument reset.

Menu Keys Major Function Keys:

There are two classes of front panel menu keyBCV, ACV, Ohms, DCI, ACI

those that lead to an immediate change dfach of these function keys defines a separate
instrument state (i.e the major function keys DCVmeasurement state and activates its corresponding
ACV, Ohms, DCI, ACI), and those that do notmenu on the dot matrix display. Changing a
(Status, Config, Cal, Mode, Monitor, Test, Cert)selection alters the measurement state.

Numeric Keyboard

Seventeen of the menu and soft function keys also
act as a keyboard for entry of parameters such as
math constants, bus address, etc. The data entered
is purely numeric, and can consist of either a
keyboard-entered value or the value of the most
recent reading.
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Introduction to the Rear Panel

SH1AH1 T6 L4 SR1
RLL PPO DC1 DT1 CO E2

SK9 s2
o ENABLE DISABLE h#/:‘EEEI(I:\I

CALIBRATION

IEEE 488
CALIBRATOR / TRANSCONDUCTANCE AMP

s1 /\ SAFETY WARNING F1FUSE F2 FUSE F3 FUSE
115V 2300
(100-1301 (200-260v) 2 @
POWER VOLTAGE
SELECTOR 2 n

CURRENT
SYSTEM POWER INPUT A FUNCTION
"U1000VA max. 47-63Hz X H FLEAH

\— POWER OUTLET"\,900VA Total max—"

Mechanical Access Fuses

The top or bottom cover is released for removal byhe fuse F1, adjacent to the power input plug,

undoing two screws visible at the rear. A singl@rotectsthe power inputline to the 4950 instrument

screw retains the corner block which covers theircuitry. The centre fuse F2 protects the current

handle mechanism on each side panel. measuring circuitry. The two power outlets are
protected by common fuse F3.

Labels

The rear panel displays the identification label foCAUTION SEE THE SAFETY ISSUES

the instrument, and a modification label. SECTION AT THE FRONT OF
THIS MANUAL.

External Connections

Apart from the front input connector, any
connections to the internal circuitry enter via the
rear panel. Voltage Selector

SKZ7 is the standard IEEE 488 connector. A list o}—he_ recessed power line voltage seIeptor adapts
interface function subsets is printed next to thEhe instrument to either 115V or 230V line inputs.

tor.
connector CAUTION SEE THE SAFETY ISSUES

SK9 is not used. SECTION AT THE FRONT OF
& THIS MANUAL.

Calibration Switch

To calibrate the instrument, special menus are
available via the IEEE 488 remote interface or

from the front panel. Butto enter these menusitis
necessary to set the calibration Switch on the rear
panel to ENABLE.
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Preparation for Operation

WARNING THIS INSTRUMENT CAN DELIVER A LETHAL ELECTRIC SHOCK. NEVER
TOUCH ANY LEAD OR TERMINAL UNLESS YOU ARE ABSOLUTELY
CERTAIN THAT NO DANGEROUS VOLTAGE IS PRESENT.

WHEN MAKING 2-WIRE MEASUREMENTS WITH A 4-WIRE LEAD SET,
ALWAYS INSERT THE UNUSED I+ (BROWN) AND I- (BLUE) LEADS IN THE
SUPPLIED DUAL BANANA ADAPTOR (PART NO. 630416). ALWAYS ENSURE
THAT YOUR LEADS ARE IN A SAFE CONDITION BEFORE USE.

NOTE: E-M INTERFERENCE

Electro-magnetic radiation from local sources, such as poorly-screened computer monitors and high
alternating current generators, can affect the performance of the 4950. Rafgr B before arranging
the bench or rack layout.

Line Input Voltage Selector

e N
230V 115v
& s1 D s1.
3 2
100-130V g 200-260V 100-130V || & 200-260V
LINE VOLTAGE LINE VOLTAGE
SELECTOR SELECTOR

sl sl

9 FIG. 2.1 Line Voltage Selections )

CAUTION BEFORE CONNECTING TO THE LINE SUPPLY, ENSURE THAT THE VOLTAGE
SELECTOR AND LINE FUSES ARE CORRECT FOR THE LOCAL SUPPLY.

115V Line Supply Selection 230V Line Supply Selection

For 100V to 130V supplies, the legend ‘115’ musEor 200V to 260V supplies, the legend ‘230’ must
be visible in the window of the line voltage selectobe visible in the window of the line voltage selector
switch (S1) on the rear panel. switch (S1) on the rear panel.
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Line Power Distribution and Fuse Location

e N
CALIBRATOR / TRANSCONDUCTANCE AMP
PL10 F1 FUSE F2 FUSE F3 FUSE
© ©A @ @ @ @
INSTRUMENT CURRENT POWER INPUT
SYSTEM POWER INPUT 115V - TLOA FUNCTION 115V - T10.0 A
"U1000VA max. 47-63Hz ~ 230V-TS00mAH N e eraomm Urases \— POWER OUTLET/\,900VA Total max.—
9 FIG. 2.2 Line Power Input Plug, Outlet Sockets and Fuses )
System Line Power Input System Line Power Outlets and Fuse F3

The correct local version of the line supply cabl&wo line outlet sockets are provided on the rear of
should have been shipped in the cable compartmeht Model 4950. One outlet is intended to supply
of the Transit Case. It comprises two metres of 3ower to a 470x or 480x series Calibrator, and the
core PVC sheath cable moulded to a fully-shroudeather to power the Model 4600 Transconductance
3-pin socket at the 4950 end, with the local 3-pilAmplifier.

plug ofn ;]he. other. ltfits into a plug (PL10) at the1’hese outlets are provided with a separately filtered
rear of the instrument supply derived from the main line-input plug.

The supply end of the cahieust be connected to NOTE: IE THE SYSTEM IS NOT
a grounded outlet, ensuring that the Protective ' CONFIGURED IN THIS WAY
Earth (Ground) lead is connected. RESULTS MAY BE AFFECTEb

. BY LINE VOLTAGE NOISE
Instrument Line Power Fuse F1 ERRORS

The line input is passed through Fuse F1 and filter

before being applied to the instrument circuitsThe power fuse F3 protects both outlets. It is
The power fuse F1 is situated next to the powesituated to the left of the two power outlets on the
input plug on the rear panel. rear panel.

Current Function Fuse F2:

The centre fuse isot a line power fuse. F2 is a
quick-acting fuse, protecting the Current Function
signal input.

CAUTION ENSURE THE CORRECT
FUSES ARE FITTED IN ALL
FUSE POSITIONS BEFORE
USE. SEE THE SAFETY ISSUES

A SECTION AT THE FRONT OF

THIS MANUAL.
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Line Power Distribution (Contd.)

Automatic 50-60Hz Operation

The 4950 is capable of operation at any line
frequency from 47Hz to 63Hz, so no means of line
frequency selection is necessary.

Options 80 and 81 - Factory Selection of
Line Voltage and Frequency

If neither Option 80 nor 81 was specified at the
time of ordering, the instrument will be configured
for operation a30V 50Hz It will be calibrated
and shipped in this configuration.

If Option 80 was specified at the time of ordering,
the instrument will be calibrated and shipped in
115V 60Hzconfiguration.

If Option 81 was specified at the time of ordering,
the instrument will be calibrated and shipped in

115V 50Hzconfiguration.
Ve
4600 Slaving
Connectors Use Separate
Digital IEEE 488 Bus <C——Line Power Outlets—>
|\I/|_g|e/|;ema|e Connectors 10A Line of Same th-se oo
ine Power Power ine Supply
el Cables Cable _Adaptor—
(if required)

m 2x2m

2m
RFI
High Current 4800-series Filter EEPEIELD D
Source Calibrator VAT Computer
(e.g. 4600) <«— extension —>»| P
> of 2m bus
cable

Max/Min Thermometer

Fig. 2.3 4950 with 4800 Series Calibrator and 4600 Transconductance Amplifier -

L Recommended Arrangement
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Positioning of the 4950 to Avoid E-M Interference

Sources of Error Avoidance

Interference from Computers Separate the Power Supplies

Problems can be caused by interference fromlug in any computer at a power outlet remote
computer monitors. E-M radiations from EHTfrom that used for the 4950 (but where 3-phase
supplies can introduce noise at an unacceptaldepplies are present, use an outlet on the same
level, particularly when the computer's line powephase of the line supply as the 4950).

cables run close to the 4950 line supplies. Do not mount any other equipment on

Proximity Interference top of the 4950
Radiated interference can occur when oth 0 not mount the 4950 directly on top of
equipment is too close to the 4950, particularl¥)ther equipment

from high alternating-current sources. o _ .
Maintain a vertical separation of at least 300mm.

This is particularly important when mounting the
4950 in a rack.

Placement of System Units

The placement of instruments involved in
calibration operations should conform as closely
as possible to the arrangements shoviigs. 2.3
and2.4.

Use Separate
IEEE 488 Bus <<—— Line Power Outlets —>
Connectors of Same Phase

Line Supply
Adaptor —>»
(if required)

2m
RFI
High Current Filter Separate to
Source Calibrator 4950 AEPUTI Computer
(e.g. 4600) «— extension —>»
he of 2m bus
cable

Fig. 2.4 Recommended Arrangement - General Case
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Mounting

NOTE: E-M INTERFERENCE

Electro-magnetic radiation from local sources, such as poorly-screened computer monitors and high
alternating current generators, can affect the performance of the 4950. Rafgr B before arranging

the bench or rack layout.

Bench Use:
The instrument is fitted with rubber-soled plastic feet and tilt stand. It can be placed flat on a shelf or
tilted upwards for ease of viewing.

Rack Mounting - Option 90:
Option 90 permits the instrument to be mounted in a standard 19 inch rack. The method of fitting this
option is described below, the locations being shown in the diagram opposite.

N.B. The top or bottom cover should not be removed for this purpose.

Procedure

c. Assemble the front plate and handle to the
front ear as shown in the diagram, and
clamp them together using the two
countersunk screws provided.

d. Tighten all six screws.

1. Remove each of the two rear corner blocks by
undoing its single crosspoint screw, and store
safely for possible future use.

2. Invertthe instrument, and remove each handle
as follows:
a. Pull out the handle until the two 1.5mm4.
socket-headed screws are visible in the
handle locking bar.

Remove the feet and tilt stand as follows:
a. Prize off the rubber pads from the four feet.
b. Undo the two securing screws from each

b. Loosen the two locking screws using the foot. Thisreleases the feet, washers and tilt
1.5mm hex key provided. Leave the screws stand so that they can be detached and
in the bar. stored safely for possible future use.

c. Slide the whole handle assembly to th%. Fit the instrument to the rack as follows:

rear, out of the side extrusion.

Fit each front rack mounting ear as follows:
a. With its bracket to the front, slide the ear

b.

into the side extrusion from the rear.
Loosely fasten the ear to the extrusion at the
front, using the four socket grubscrews
provided.

a.

b.

Attach the two rear ears to the back of the
rack, ready to receive the instrument.

With assistance, slide the instrument into
the rack, locating the rear ears in the side
extrusions. Push the instrument home, and
using screws, cage nuts etc. provided with
the rack, secure the instrument by screwing
the front ears to the front of the rack.
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-

@ Grubscrews in Handle \

A\ W,
Rear Ear
@ Front Ear in .
Extrusion Grubscrews
(4 per side)
@ Final View from Top\
N S

~

RACK MOUNTING KIT - FITTING
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Mounting (Contd.)

NOTE: E-M INTERFERENCE

Electro-magnetic radiation from local sources, such as poorly-screened computer monitors and high
alternating current generators, can affect the performance of the 4950. Rafgr B before arranging

the rack layout.

Rack Slide Kit - Option 95:

Option 95 permits the 4950 to be mounted on slides in a standard 19 inch rack. The instrument can be
pulled forward into a position where its rear panel is clear of the rack, to give access to the rear connectors.
Cables should not be connected to the instrument until itis mechanically secure in the slides. The method
of fitting this option is described below, the locations being shown in the diagrpager2-13

N.B. Neither top nor bottom cover should be removed for this purpose.

Procedure

1. Remove each of the two rear corner blocks b§. Remove the inner section of each slide (Pt. No.
undoing its single crosspoint screw, and store 630353) from the other two sections as follows:
safely for possible future use. a. Lay the slide flat with its inner section
uppermost. Arubber grip secures the inner
section to the outer section at the rear.

b. Slidetheinnersectionforwardto disengage

the rubber grip, then slide fully forward

against the release latch.

When fully extended, invert the slide so

that the release latch is visible.

d. Press the bevelled side of the release latch,
while drawing the inner section out of the
middle section.

2. Invertthe instrument, and remove each handle
as follows:

a. Pull out the handle until the two 1.5mm
socket-headed screws are visible in the
handle locking bar.

b. Loosen the two locking screws using the
1.5mm hex key provided. Leave the screws
in the bar.

c. Slide the whole handle assembly to the
rear, out of the side extrusion.

3. Fiteachslide mounting bracket (Pt. No. 450659?'
as follows:
a. With its ear to the front, slide the bracket
into the side extrusion from the rear.
b. Locate and loosely fasten the bracket to the
extrusion, using the six socket grubscrews
provided.

o

Fitthe inner section of each slide to its mounting

bracket (Pt. No. 450659) as follows:

a. Assemble the slide to the bracket as shown
in the diagram (note the position of the
release latch), and clamp them together
using the three countersunk screws
provided.

b. Tighten the six grubscrews and the three
countersunk screws.

c. Fitand secure the front plate and handle to
the slider ear, using the two M4 x 12
countersunk screws provided.
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6. Remove the feet and tilt stand as follows:

a. Prize off the rubber pads from the four feet.

b. Undo the two securing screws from each
foot. Thisreleases the feet, washers and tilt
stand so that they can be detached and
stored safely for possible future use.

position on the rack as follows:

a. Offer the bracket to the front of the rack as
shown in the diagram. Secure the bracket
through the rack slots using two slotpan
screws, two shakeproof washers, two plain
washers and a 2.5 inch nut bar. Slacken the
screws slightly to ease final positioning
when the instrument is pushed home.

Fit each 2 inch mounting bracket to the correct

position on the rack as follows:

a. Offer the bracket to the rear of the rack as
shown in the diagram. Secure the bracket
using two slotpan screws, two shakeproof
washers, two plain washers and a 2.5 inch
nut bar. Slacken the screws slightly to ease
final positioning when the instrument is
pushed home.

. The outer section of the slide has two securing
holes at the front and two slots at the rear, each
within cut-out tongues. The slides are fixed to

the adjustment slots in the 10 inch and 2 inch

mounting brackets by two slotpan screws

through the front holes, and one through one of
the rear slots. (The rack depth determines
which slide slot is to be used. If the rack is too

shallow, the 2 inch bracket can be reversed so
that it protrudes rearwards from the rack.)

a. Gain access to the rear slots by sliding the
middle section and bearing carriage to the
front. The two front holes can be accessed
by sliding the middle section and bearing
carriage to expose each hole inturnthrough
a rectangular cutout in the middle section.

7. Fiteach10inch mounting bracketto the correctO. Fit each slide to the correct position on the rack

as follows:

a. Offerthe slide outer and middle sections to
the 10inch and 2 inch mounting brackets as
shown in the diagram. Secure the slide to
the brackets using the three slotpan screws,
three shakeproof washers, three plain
washers and three M4 nuts provided.

11. When sliding the instrument into the rack for

the first time, the slotpan screws securing the

10inch and 2 inch mountings should have been

slackened. This ensures that there is no lateral
stress on the mounting system during the
operation. These screws are finally tightened
with the instrument sitting in the slides.

a. Ensure thatthe screws securing the 10 inch
and 2 inch mountings have been slackened.

b. With assistance, locate the slide inner
sectioninthe bearing carriage of the middle
section, and carefully slide the instrument
fully home into the rack. Slide itin and out
of the rack several times until it is certain
that there is no lateral stress.

c. Withdraw the instrument just sufficiently
to allow access to the slotpan screws
securing the 10 inch and 2 inch mountings.
Tighten the screws, and again slide the
instrument in and out of the rack to be
certain that there is no lateral stress.

12. Using screws, cage nuts etc. provided with the

rack, secure the instrument by screwing the
mounting bracket ears to the front of the rack.
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Mounting (Contd.)

Rack Slide Kit - Option 95 - List of Parts:

Rack mounting, especially using slides, is complicated by the diversity of rack fittings within the standard
19" concept. Although the Rack Slide Kit contains all the parts necessary to fit the instrument, on its
slides, to a standard 19" rack; the assembly would normally be finally secured in position using
attachments peculiar to the type and manufacturer of the rack. These final securing parts are not listed
below.

The following list of parts is correct at the time of going to press, but our policy of product improvement
means that alternative items could be employed for future issues. The current updated parts list is given
in the Reference Handbook for the instrument.

Part No. Description UM Quantity
450655-1 Rack Ear, HaNdIe ........ccoooeeiiiiiiiiieieeeeeee e Ea 2
450659-1 Bracket, Slide Mounting .........ccccocvuvvieeeeiiiiiee e Ea 2
450680-3 Rack Mounting, Front Plate ...........cccccceevviiiieeeciiiiiiee e Ea 2
611028 Screw, M4 X 8 POSIPAN SZP .....cooiviiiiiiiiiiiiieie e, Ea 6
611058 Screw, M4 X 8 POSICSK SZP .....occveieeeieeciieee e Ea 6
611059 Screw, M4 X 12 POSICSK SZP ....ccoooieeiiiiviiieeeeeeeeeeve, Ea 4
611071 Screw, 10-32 X 1/2 SLOTPAN SZP ....uvvvvvveeiiiiiieeeeeeeeeeeen, Ea 8
611116 Screw, M3 x 12 SKT GRUB SZP .......ccoovvviiiiieieeeeeeeevi, Ea 12
613013 WaSher, M5 SZP ..ot Ea 8
613020 WaSher, MA SZP ..ot Ea 6
613021 Washer, M4 INT. SHAKP .....ovvviiiiieieeeeeeeeeeeeeeeees e, Ea 6
613028 Washer, M5 INT. SHAKP .....ovvviiiiiiiieeeeeeeeeeeeeeee e, Ea 8
615011 NUL, FUIL, M4 SZP ...t Ea 6
630181 Bracket, 2", MOUNLING ......ccoiiviirieeiiieiee e Ea 2
630182 Bracket, 10", MOUNtING ......c.vvvveeiiiiiiiee e Ea 2
630183 NUL, 2.5" BAK c.uvviiieei ittt e e aran e e e e eaaes Ea 4
630353-1 Slide, 24", 3-Section, Paiir .......cccoevvvvviiriiiiiieiiieeeeeeeeeeeeeeen Ea 1

2-12



Section 2 - Installation and Operating Controls

REMOVE HANDLES 450614 4 REAR
CORNER BLOCKS «450557

@)

s

THESE TWO PARTS CAMN ONLY
BE ASSEMBLED AFTER 4950659
HAS BEEN SULID INTO POS=ITION.

— PosiTION FRONT PLATE TO BE LEVEL
— WITH INATRUMENT BEZEL THEN TISHTEN
GRUB SCREWS.

(630182 )2

612020,  \

]
Guoi }r - 7&/ i!

RACK SLIDE KIT - FITTING
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Connectors and Pin Designations

Signal Input

5-pole Fixed Plug Calibration Integrity!

All signals are input via the 5-pole fixed plug onThe input cable assembly is an integral part of the

the front panel, whose input connections and950, and they are calibrated together. Unless the

orientation are as follows: same cable/instrument combination is employed
when in use, traceability is lost.

cu It is thereforeessentialthat the instrument and its
I- cable remain together, and are used together. If for
) any reason (such as damage) it is necessary to
Hi (o) Po) replace a cable assembly, the 4950 must be
(o recalibrated with its new input cable assembly
Lo before any subsequent measurements are made.
I+ During calibration, the input cables are
Fixed Plug characterized in 4950 non-volatile memory for
Ohms operation. It is not possible to select this
Input Cable Assembly function until the serial number of the calibrated

An input cable assembly is provided with thecaple assembly (lead) has been entered via the
instrument that consists of a five pole free sockefsont panel or over the remote interface.

with leads that terminate in colour-coded banana . .

plugs. The leads are clearly identified by colouFC)rf_L'rtherdew‘IIS refer ®ection 4, Page 4;8nd

and sleeve labels. The lead connections and socl?eeicuon 5, Page 5-54

orientation are as follows, viewing from the open

end of the socket:

Lead Identification
Sleeve and Cable
Plug Colour Marker
Input cable Red Hi
Black Lo
Brown | +
Blue |-
Free Socket White Guard
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SK7 - IEEE 488 Input/Output

Compatibility SK7 Pin Designations

The IEEE input/output is a 24-way Amphenol
connector which is directly compatible with the| Pin
IEEE 488 interface and the IEC 625 Bus. No.| Name

Description

Note that the Bus Address is set from the front
panel (refer t®Gection 5, Page 54

DIO 1
DIO 2
DIO 3
DIO 4
EOI
DAV
NRFD
NDAC
IFC

10| SRQ
11| ATN
12| SHIELD

Pin Layout

O©CoOoO~NOUhwWNPRE

13 24
1 12

13| DIO5
14| DIO 6
15| DIO7
16| DIO 8
17| REN

18| GND 6
19| GND 7
20| GND 8
21| GND9
22| GND 10
23| GND 11
24| GND

Data Input/Output Line 1

Data Input/Output Line 2

Data Input/Output Line 3

Data Input/Output Line 4

End or Identify

Data Valid

Not Ready For Data

Not Data Accepted

Interface Clear

Service Request

Attention

Cable Screening (connected
to 4950 safety ground)

Data Input/Output Line 5

Data Input/Output Line 6

Data Input/Output Line 7

Data Input/Output Line 8

Remote Enable

Gnd wire of DAV twisted pair

Gnd wire of NRFD twisted pair

Gnd wire of NDAC twisted pair

Gnd wire of IFC twisted pair

Gnd wire of SRQ twisted pair

Gnd wire of ATN twisted pair

4950 Logic Ground (internally
connected to Safety Ground)
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SECTION 3 Basic Measurements

This section introduces the basic ‘User Interface’ of the 4950, describing how to make measurements without
recourse to the more advanced features of the instrument. These other features are described in Section 4.

The Measurement Task
With the external circuit properly connected, any measurement requires us to take two
actions:

1. Configure the instrument;

2. Trigger the measurement and read the result.
The 4950 allows us to choose from many actions to control these processes. As an
introduction, we shall concentrate on the selections for taking basic measurements of
AC and DC Voltage, AC and DC Current; and Resistance. These are not complicated
- all we need to do is to work through the instrument’s selection menus.

Introduction to the Front Panel

The two displays on the front panel deal with different aspects of operation. We set up
the instrument’s configuration using menus shown in the right-hand (dot-matrix)
display, then readings appear in the left-hand (main) seven-segment display.

Beneath the dot matrix display, all keys other than the Power key are associated with
menus. The keys beneath the main display are direct action keys, associated with
triggers, remote control, and instrument reset.
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Menu Keys

Power-On State

MULTIFUNCTION
TRANSFER
STANDARD

Power

4950 STABILITY EXPECTED IN: O5hr 59min

Status Config PN PN PN PN PN PN PN Cal

0 1 +- Exp Enter Quit o =l

5 6 . - Last rdg

DCV ACV Ohms DCI ACI Mode Monitor || Test Cert H

There are two classes of front panel menu keys; those that lead to an immediate change
of instrument state (i.e the major function keys DCV, ACV, Ohms, DCI, ACI), and
those that do not (Status, Config, Cal, Mode, Monitor, Test, Cert).

As well as the menu selection keys, there are seven soft function selection keys which
have different actions depending on the selected menu. An arrowhead printed on each
soft key lines up with a label which defines the action of the key.

Also, system messages may appear (all in capitals such as the power-on 'standby’ state
message shown above), these assist in clarifying operation.

The labelled soft keys have actions which fall into the following classes:

» Select another menu.

* Enable or disable a facility (e.g. 2 or 4-wire in Ohms). When enabled, the soft key
label is underlined by a cursor.

» Trigger a direct action (e.g. ‘Conf’ in the TEST menu activates a confidence
selftest).

An error message appears if a selection cannot be executed (e.g. 1008 Must be in AC
function).
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Numeric Keyboard

N )
Status Config AN AN N\ N\ N\ N\ N\ Cal Power
0 1 2 3 4 +- Exp Enter Quit o =l
5 6 7 8 9 . -— Last rdg
DCV ACV Ohms DCI ACI Mode Monitor || Test Cert

Some menu and soft function keys, shown above, also act as a keyboard for entry of
parameters such as the serial number of the 2-wire ohms lead, non-nominal target
values for calibration, bus address, etc. The data entered is purely numeric, and can
consist of either a keyboard-entered value or the value of the most recent reading.

Exit from Menus

We can generally exit from any menu by selecting another menu key. For those menus
where the keyboard is active, we can exit by pressing either Enter or Quit. For some
menus, a special soft key permits exit by a single keystroke.
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Major Function Keys: DCV, ACV, Ohms, DCI, ACI.

Each of these function keys defines a separate measurement state and activates its
corresponding menu on the display. Changing a selection commands a change of
measurement state. Each function has its associated CONFIG (Configuration) menu,
which we can use to set up ‘function-dependent’ parameters, such as local/remote guard
and 2/4-wire Ohms connections.

Instrument Role as a Calibrator of Calibrators
Although the 4950 shares the general appearance of a high-precision digital multimeter,
its role is highly specialized as a Multifunction Transfer Standard.

For example, the measurement range for each of the 4950's functions does not cover the
full range span. Instead, ranges are constrained to one or more discrete bands of values
that suit the calibration points of common multifunction calibrators.

Saved Selections

Generally, selections such as Range, Guard etc., which are made within a major
function are saved when exiting the function, and restored when the function is next
selected.

Measurement Band and Frequency Band selections (these are peculiar to individual
ranges) are made within the range menus. During range changes, the selected band is
saved, then restored when the range is next selected. Each band selection remains tied
to its function/range combination, even when the function is inactive, then restored
when the function and range are reselected.

Any deviation from the above rules will be noted within the appropriate description (e.g
ACV HF 2-wire/4-wire defaults to 4-wire on change of frequency band or range).
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Initial State at Power On

When the 4950 is first switched on, the 'menu’ (dot-matrix) display reminds us to wait
until the internal temperature has stabilized (six hours from power-on), before using the
instrument as a transfer standard.

4950 STABILITY EXPECTED IN: 05hr 59min

The display counts the warm-up period down from six hours to zero. If by this time no
front panel selection has been made, then the display will change to show 'Status
information (as described later pages 3-39 to 3-44and the 4950 is ready for use.

During warm-up, the count-down display can be seen by pressing the frorgfzdne!
key. After warm-up is complete, using this key presents regular status information.

Power Down - Short Term

If power is temporarily removed, the amount of unused warm-up period is memorized.
The clock continues to run, driven by an internal battery. When power is restored, a new
warm-up period is calculated and imposed, also accounting for the ‘down’ time as
follows:

T=6(-9+t,
Where:
= Real time when power is removed
Warm-up period remaining when power is removed

= Real time when power is restored
T = Calculated new warm-up period

S

w

~ ~+ ~+
I

After calculation, the following limits are applied to T:

minimum: 10 minutes
maximum: 5 hours 59 minutes
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Internal States at Power On

All the functions and facilities are configured into default states when power is turned
on. These are shown in the following table.

DCV ACV Ohms DCI ACI
Range 1kV 1kVv 100kQ 1A 1A
Frequency Band 1kHz 300Hz
Measurement Band 0% 100% 0% 0% 100%

The active function Ii®CV, so the Main (left-hand) display is set up to read DC
Voltage. The display is blank except for Ex¢ annunciator (external trigger selected,
SO no triggers yet). The active power-on defaults are:

Function:DCV. Range: 1kV. Measurement Band0%

Global power-on and reset defaults:

Guard: Local. Trigger Source: External.
Accuracy Mode: High. Calibration: Disabled
Corrections: Certified.

Specific power-on and reset defaults:
2/4-wire Ohms 4-Wire

2-Wire Ohms
Lead Serial No.

Undefined but the serial number of the lead which
was characterized at the most-recent calibration is
held in non-volatile RAM.

10A Shunt Serial No.Undefined but the serial number of the shunt which
was characterized at the most-recent calibration is
held in non-volatile RAM.
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Operation During Warm-Up

Although it is necessary to wait for the warm-up period to elapse before using the 4950
to perform in its designed role, it is nevertheless possible to operate the instrument to
explore the way that the menus are arranged. Indeed in view of the itinerant nature of
its role, this period provides an ideal opportunity for familiarization. So long as the
instrument power remains switched on, the warm-up period will not be interrupted and
the 4950 will proceed towards operational stability.

Initially, the right-hand (Menu) dot-matrix display will show a 'Status' presentation,
showing the time when the instrument will achieve operational stability. To explore the
DCV menus, merely press the front paD€lV key.

100mV 1v

Observe th®CV Menu:

The 1kV range is underlined, showing the active selection (meanwhile the Main display
is blanked, except for thExt' annunciator, which is lit). Each range is represented on
the display. The required range can be selected by pressing the soft key beneath its
label; then the display will transfer to the selected range menu.

Press thdV range menu key, and the following menu is presented:

1V range: 0% 100%

Note that the 0% band label is underlined, showing that the default band is selected.
Pressing the 'Sample' key under the Main display will trigger a reading, which if the
input is within the 0% band limits will generate a reading on the Main display.
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Soft Key Conventions

Now look at the soft keys (the ones with the arrowheads) to make some distinctions in
a little more detail. Each soft key’s action is defined by the legend presented above it
on the display. The legends usually define three different types of soft key:

Choice key Chooses one of several possible states. Deselection is by cross-
cancelling, i.e. by selecting another state.
(The bands on th&V DCV range menu ar€hoicekeys).
cursor underline indicates ‘active’,
no cursor indicates ‘not active’.

Toggle key Activates a particular facility - a second press when its state is active
will cancel it.
(‘RemGu’ on theDCV CONFIG menu is arogglekey).
cursor underline indicates ‘active’,
no cursor indicates ‘not active’.

Menu key Activates another menu. The whole aim of branching via a menu is
to gain access to further grouped state keys at an end of the branch.
(‘1V’ on the DCV menu is aMenukey).

N.B. Whenintroducing soft keys in this section we shall differentiate between the three
types (to avoid lengthy paragraphs) as follows:

Choice key Underlined e.glo0mV
Toggle key Underlined italic e.gfilt
Menu key Not underlined e.dResl

Note that this is purely a short method of identifying the type, and bears no relation to
its physical appearance on the instrument.
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Tour of the Major Function Menus

The following introduction takes the form of a tour of the main functions, starting from
Power On. To relate the descriptions to the physical appearance, process through the
sequence as indicated by the pointe}

DCV Menu (See the figure opage 3-7

This menu defines the ranges using the follovangicekeys. When returning to the
DCV menu by pressing the front paleCV key, the selected range is underlined by
a cursor. Earlier in this sequence the 1V range was selected:

100mV 1v 10v 100V 1kV

DCV Configuration
(Remote Guard)

Press th&€onfig key to see the DCV CONFIG menu:

MULTIFUNCTION
TRANSFER
STANDARD

AT~ T~ AT~ T~ T~ = T

RemGu Selects Remote Guard. When Remote Gisanbtselected, the input-
socket Guard pin is open-circuited, and the internal guards connect to
internal Lo. When Remote Guaskselected, the Lo connection is broken,
and the internal guards connect only to the input-socket Guard pin, for
connection to a common-mode point in the external circuit.

DCV CONFIG:

Return to the DCV Menu

Press th®CV key to return to the DCV menu.
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DCV Menu

Notice that the 1V range is underlined, showing it is still selected:

MULTIFUNCTION
TRANSFER
STANDARD

1ov 100V 1kV

= AT AT AT AT AT~ T~ 1= T

Press the 10V key to see the 10V range menu.

10V range: 100% 190%

MULTIFUNCTION
TRANSFER
STANDARD

AT AT AT AT AT~ T~ T T

This menu defines threzhoicekeys:

0%

100%

Selects the zero measurement band (-1V to +1V).
The 0% (zero) band is present on all DCV ranges. The band extends
from -10% to +10% of nominal range valtd$% on 100mV range).

Selects the full range band (-11V to -9V and +9V to +11V).

The 100% (full range) band is really two bands of opposite polarities.
They are present on all DCV ranges, extending from +90% to +110%
and from -90% to -110% of nominal full range value.

Selects the high band (+18V to +19.5V and -18V to -19.5V).
Againthe 190% (high) band is really two bands of opposite polarities,
extending from 90% to 105% of the nomia&PV. Note that 190%

is not available on other ranges - itis intended for 10V range linearity
verifications only.
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DC Voltage - Movement between Menus

DCV CONFIG

Page 3-9

100mv 1V 10V 100V  1kve| ~29e37

Notes:

The actions 0ACV andConfig hard keys are available from all the above menus.
¢ 1kV range is the DCV power-on and reset default for all ranges.

t 0% measurement band is the DCV power-on and reset default for all ranges.
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AC Voltage
Press théCV key to see the ACvhenu:

ACV .

ImV

10mV 100mV 1V

10V

100V

MULTIFUNCTION
TRANSFER
STANDARD

Status

0

Config

1

N

2 Y | e N | BN

+/-

N

Exp

N

Enter

N

Quit

Cal

Power

o =l

5

DCV

6

ACV

Ohms

DCI ACI Mode

~

Monitor

Last rdg

Test

Cert H

This menu defines the rangeenukeys as shown above, defaulted to the 1kV range.

Frequency
Because ACV is defined in frequency as well as voltage value, an extra layer of menus
is needed for selection.

Frequency Bands

Here again the difference between the 4950 Multifunction Transfer Standard and a
DMM is in evidence. As the 4950 is intended to calibrate calibrators, in this case AC
Voltage sources, measurement of a continuous range of frequencies is unnecessary.
Confining the response of the instrument to a series of frequency bands, operable within
+10% of a nominal center frequency, targets a large number of calibration points used
by AC voltage calibrators. Moreover, although each frequency band has its own
correction, the frequency response errors due to maintaining a wideband spectrum are
drastically reduced. This allows closer tolerances to be placed on the voltage values in
each band, improving the overall accuracy.

Frequency Band Selection

Most frequency bands are available on every AC Voltage range, but not all. The table
shows the allocation of frequency bands to ranges; only the starred range/frequency-
band combinations are available.
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Available Range/Frequency-Band Combinations

Range Frequency Band (Hz)
10 | 20 | 30 | 40 | 55%| 300% 1k'| 10k | 20k | 30k | 50k |100k |200k |300k

1mv* O| 0| 0| 0] O-[«0| O] O O~]eco| Ol O
10mv* ol ol ol o] oofJco| 0] 0| o0=[co0| O O
womv+| O | 0| 0| O] O-f-O0| O] O| O~ 0| O O
Y, 0| o| o0o| o] 0-(c0| O] 0| O~JO| O/ O
10V 0| o0o| 0| o] 00| m| 0| O~ 0| O/ O
100V O| ol 0| 0] O-[<0| O] O O~[]eo| Ol O
1kV Ol ol o] o] 0=[<0] O] O] O-fcO=] o | o

Notes:

t The 1kHz frequency band is the ACV default for all ranges.

¥ The 55Hz frequency band is extended to cover both 50Hz and 60Hz.

The 300Hz frequency band is extended to cover 400Hz.

For the millivolt ranges, all frequency bands: voltage measurement bands are +15%, not +10%.

For the 1kV range, 50kHz and 100kHz frequency bands; voltage measurement bands are 700V, not 1kV.
10V range; 1kHz frequency band has extra voltage measurement band.

Menu soft key provided to transfer up to next higher frequency band menu.

Menu soft key provided to transfer down to next lower frequency band menu.

Tl e

Frequency Band Groups

In the above table, frequency bands are grouped according to the menus in which they
appear. Transfer from one menu to a higher or lower frequency menu is accomplished
using special end soft-keys labelled with a right or left arrow respectively.

The 55Hz frequency band extends from 40Hz to 70Hz to permit measurement at and
around the standard line power frequencies of 50Hz and 60Hz. Similarly the 300Hz
band extends from 270Hz to 440Hz to measure 400Hz line power voltages.

Voltage Measurement Bands

Normal operation is restricted to a single voltage measurement band at Nominal Full
Range+10%. Exceptions are the 1ImV, 10mV & 100mV ranges, where the 100% band
extends tat15%; the 1kV range, 50kHz and 100kHz frequency bands, where the

measurement band is centered on 700V; and the 10V (s@g@ext para)

For many ACV calibrators, linearity on all ranges is verified by measuring a second
point on a single range (usually at 19V on the 10V range, as in Wavetek calibrators).
For this reason, the 10V range, 1kHz band on the 4950 has an extra measurement band
at 19V (18V to 19.5V). A separate menu is available for this selection.

3-13



Section 3 - Basic Measurements

ACV Frequency Band Selection

Ensure that the ACV menu is displayed as showpege 3-14if not, press the front
panel ACV key).

Press thdV soft key to see the 1V default menu:

MULTIFUNCTION
TRANSFER
STANDARD

AT AT AT AT AT~ T~ T

This menu defines foumhoicekeys and twanenukeys.

300; 1k; 10k, 20k:
Selection activates the corresponding frequency band; the selection is
underscored by the cursor (1k is the default frequency band).

- Displays the 1V: 30k / 50k / 100k / 300k menu, offering a choice of
higher frequency bands.

<--: Displays the 1V: 10/20/30/40/55 menu, offering a choice of
lower frequency bands.

Press the <-- soft key to select the 55Hz frequency band. This also selects
the 10 - 55 menu so that the selection can be seen; it is underscored. This
is true whenever any <-- key is pressed, it represents the next lower

frequency band, and does not just act as a menu switch. As the label exists

on the next lower menu, that menu is displayed with the highest frequency
band underscored.
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Press th&0 soft key to activate the 30Hz frequency band:
a cursor appears under 30 on the menu.

MULTIFUNCTION
TRANSFER
STANDARD

4950
AT AT~ T AT~ T~ T

Press the --> key: the 300 - 20k menu appears, with 300 underscored.
Press the --> key: the 30k - 300k menu appears, with 30k underscored.

Press the --> key: the 500k/1M menu appears, with 500k underscored.

Any --> key represents the next higher frequency band, and does not just act as a menu
switch. This is consistent with the actions of the <-- keys described earlier.

Press thdCV key, then theACV key: the display returns to the ACV
menu. Note that the 1V range is still selected.

Press th&00V range key and note that the 300 - 20k menu is selected, with
the cursor under the 1kHz (default) selection.

Press th&CV key, then th&V range key and note that the 500k/1M menu
is still selected, with the cursor still under the 500kHz selection.

So we can see that the frequency band selection is preserved for a particular range.
Changing range or function does not destroy the association. When returning to an
ACV range, the frequency band selection is as it was left on exit from the range.
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Press théCV key: the display returns to the ACV menu.
Press thd0V range key. The 1kHz frequency band is selected (default),
but this not the usual type of ACV display:

MULTIFUNCTION
TRANSFER
STANDARD

4950
= AT AT AT AT AT~ T~ = T

The 10V range is special. Its 1kHz frequency band is used to verify the linearity of
calibrator outputs at 19V (190%), as well as measuring at nominal full range of 10V for
calibration. It needs a voltage measurement band menu so that either can be selected.

100% 190%

All other ACV ranges and frequency bands have only one voltage measurement band:
atnominal fullrange. To emphasize the difference, the 1k frequency band label is never
underscored onthe ACV 10V range menu. As soon as 1k is selected, the menu transfers
to that shown above, and if 1k was already selected (either by user selection or as
default), pressing the 10V range key in the ACV menu transfers to the 10V 1kHz menu
directly, as we saw above.

Press the --> key: the 300 - 20k menu appears, with the 10kHz frequency
band underscored.

Press the 1kHz key: the 10V 1kHz menu reappears.

Press the <-- key: the 300 - 20k menu appears, with the 300Hz frequency
band underscored.

Transferring out of the 10V 1kHz menu, using either of the arrow keys, leads back into
the 300 - 20k menu, selecting a higher or lower frequency band as directed by the arrow.

PressthACV key: the display returns to the ACV menu. Note thatthe 10V
range is still selected.
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Press th&QV range key and note that the 300 - 20k menu appears, with the
cursor still under the 300Hz selection, in a manner that is normal for other
ranges.

Sothe 10V range works as other ranggsepthat if the 1kHz frequency band has been
selected (as at power on and reset), the menu display defaults to the 10V 1kHz voltage
measurement band menu, instead of the standard frequency band menu.

Note that the 10V 1kHz menu combines voltage and frequency soft keys. The two
arrows arérequencyarrows, as in frequency band menus, whereas the 100% and 190%
soft keys represent voltage measurement bands.

Voltage Measurement Bands

100% Band
This has the same operation limits as the single full range band at other frequencies:

Nominal Full Range:10%

190% Band
For the purposes of linearity verification at 19V, this measurement band operates for
inputs from 18V to 19.5V.

Default Band
The 100% band is forced on entry to and exit from the 10V 1kHz frequency band.

1mV, 10mV and 100mV Ranges: 100% Band (Refer to the table on page 3-13)
The 100% measurement band on the AC millivolt ranges extentls5éb of Full
Range instead of the norm&l0%.

1kV Range: 70% Band (Refer to the table on page 3-13)

The 1kV range has 100% measurement bands at frequency bands up to 30kHz.
However, the frequency range is extended by two further frequency bands, at 50kHz
and 100kHz, but both are limited to a 70% measurement band (600V - 800V).
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ACV Configuration
(Remote Guard; 2-Wire/4-Wire Connection)

Press th&€onfig key to see the ACV CONFIG menu:

MULTIFUNCTION
TRANSFER
STANDARD

ACV CONFIG:

4950
= AT AT AT AT AT~ T~ = T
-

socket Guard pin IS open-circuited, and the Internal guards connect to
internal Lo. When Remote Guassselected, the Lo connection is broken,
and the internal guards connect only to the input-socket Guard pin, for
connection to a common-mode point in the external circuit.

4-Wire/2-wire Connection
When ACV Configis selected for the 1V and 10V ranges at frequency bands hgher than
100kHz, two additional entries '2wCct' and '4wCct' will appear in the menu:

~

MULTIFUNCTION
TRANSFER
STANDARD

A AT AT AT AT~ T~ T

ACV CONFIG:

2wCct:  Selects the 2-wire measurement mode of the instrument via Hi and Lo, using
independent correction factors, for use with non-Wavetek calibrators. When
2wCct is selected, changing range or frequency band defaults to 4wCct.

Return to the ACV Menu

Press théCV key to return to the ACV menu.
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AC Voltage - Movement between Menus

ACV

ACV CONFIG
imv 10mVv 100mVvV 1V 1oV 100v  1kV RemGu
E + + ! é Page 3-12 ! + —»  2wCct 4
1kv Page 3-18
Hz=
10 10 10 Voltage 10 10
20 20 20 20 20
30 30 30 30 30
40 40 40 40 40
55 55¢ 55¢ 55¢ 55¢ 55¢ 55¢
F00+ -0+ -00+ - 00+ - 00+ - 00+ - 00+
300¢ 300¢ 300" 300" 300" 300" 300"
1kt 1kt 1kt 1kt 1kt 1kt 1kt
10k 10k 10k 10k 10k 10k 10k
20k 20k 20k 20k 20k 20k 20k
FO00+ -0+ -00+ - 00+ - 00+ 00+ - 00+
30k 30k 30k 30k 30k 30k 30k
50k 50k 50k 50k 50k 50k | ~ OO0
100k 100k 100k 100k 100k 100k 50ke
300k 300k 300k 300ke | |300ke 200k | [100ke
004 -0+ -004 - 00+ - 00+ .
500k 500k 500k 500ke | |500ke
M M M 1IMa | | 1Me J
Notes:

The actions oACV andConfig hard keys are available from all the above menus.
t 1kHz frequency band is the ACV default for all ranges.
+ 55Hz frequency band is extended to cover 50Hz and 60Hz applications;
300Hz frequency band is extended to cover 400Hz applications.
O Menu soft key provided to transfer up to the next higher frequency band.
O Menu soft key provided to transfer down to the next lower frequency band.
¢ 1kV range’50kHz and100kHz frequency bands limit &100V.
& 1V & 10V ranges, frequency bands100kHz: 2-wire measurements available via ACV Config
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Ohms

Press th®©hms key to see the OHM®enu:

MULTIFUNCTION
TRANSFER
STANDARD

Power

OHMS: 10Q 100Q 1kQ 10kQ 100kQ

Status Config PN PN PN PN PN PN PN Cal

0 1 +- Exp Enter Quit o =l

5 6 - Last rdg

DCV ACV Ohms DCI ACI Mode Monitor || Test

Cert H

Note that th&2 symbol and the 4@ annunciator light up on the main display.

This menu defines eight rangenukeys in two menus (only seven soft keys available

per menu). The low resistance menu is shown above, defaulted to tlie rEDQje.
Transfer to the high resistance menu is accomplished by pressing the special end soft-
key labelled with a right arrow. The high resistance menu accesses el IMQ

and 100M2 ranges.

Press thd. 00kQ key to see the 100K range menu:

100KQ range: 0% 30% 100% 190%

Ohms Measurement Bands

There are four main Ohms measurement bands, at 0% (Zero), 30%, 100% and 190%
of Nominal Full Range. The Wrange has an extra band (at 10%) for measufg 1

and the 100N range doesot have the 190% band.

The Zero (0%) band is the power-on default on all ranges, as shown by the cursor.
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Ohms Range/Band Assignments

The OHMS menu presents the Ohms ranges for users to choose a range and transfer to
a Range menu, where the required Measurement Band can be assigned. Each range is
unique to the Ohms function, and each band in a range is unique to that range (although
it is possible that another band of the same name exists on other ranges).

Selecting a measurement band in one range has no effect on band selections in other
ranges.

Once a band has been assigned to a range, the assignment is retained until it is changed
on the same range menu, regardless of intermediate operation in other ranges and
functions. We can show this by continuing our tour:

Press tha00% key to select the Nominal Full Range measurement band:

100K Q range: 30% 100% 190%

The cursor moves under 100% to indicate selection.
Press th&CV key: the ACV menu is presented.

Press th®©hms key: the OHMS menu is presented. Note that the @00k
range is still selected.

Press th&kQ key: the 1K) range menu is presented. Note that the default
0% measurement band is selected.

Press th&0% key: The cursor moves under 30% to indicate selection.

Press th@©hms key: the OHMS menu is presented. Note that the 1k
range is still selected.

Press thd 00kQ key: the 100R range menu is presented. Note that the
100% measurement band is still selected.

Menu tour continues overleaf
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Ohms Configuration
(Lead Serial Number; 2-wire Ohms; Remote Guard)

When in the OHMS menu or one of the Ohms range menus, pressibgrtfig key
presents the OHMS CONFIG menu, where Ohms can be configured for two or four wire
connection, and for local or remote guard connection. The power-on and reset defaults
are4-wire with local guard. Reconfiguring the 2/4-wire connection and the guard
connectionin Ohms has no effect on selections in other functions. Once a configuration
has been chosen, it is retained for all Ohms operation until it is changed in the OHMS
CONFIG menu, regardless of intermediate operation in other ranges and functions.

Two-Wire Ohms Operation

'Four-wire Ohms' is the Power-On and Reset default connection for the Ohms function.
If Two-wire Ohms' is required, certain conditions must be met to ensure that traceable
2-wire measurements are possible.

In all 2-wire Ohms measurements, the lead forms part of the external circuitry, and the
result of any measurement is in error, being greater than the resistance to be measured
by the series resistance of the two leads.

The 4950 is designed to provide error correction by including the lead resistance during
every measurement. This is possible only if the resistance of the lead is known; so at
calibration of the Ohms function, the resistance of the 2-wire lead is characterized to
establish its traceability. Subsequently, if traceability is to be maintained, the
characterized lead must travel with the instrument, to be used for all 2-wire measurements.

To this end, all authorized leads are serial-numbered. The serial number of the
characterizedead is registered in the non-volatile calibration memory of the 4950, so
that users can ensure that the correct lead is connected. The correct serial number must
be entered via the OHMS CONFIG menu before the 4950 will permit 2-wire Ohms
measurements to proceed.
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This does not prevent an incorrect lead from being used once the correct number has
been entered; indeed, the STATUS CONFIG menu accesses the serial number of the
characterized lead. This initial barrier is intended to remind usethétaticeability

chain will be broken, if the characterized lead is not used

Press th&€onfig key to see the OHMS CONFIG menu:

MULTIFUNCTION
TRANSFER
STANDARD

OHMS CONFIG:

4950

AT AT~ T AT~ T~ T

Lead#: Unless the correct serial number of the 2-wire Ohms lead has been entered
since power-on, 2-wire Ohms cannot be selected.

Press théead# soft key to gain access to the LEAD SER # menu:

LEAD SER # = ? Enter Quit

At the most-recent 2-wire ohms calibration, the serial number of the 2-wire lead
characterized at calibration will have been written into non-volatile memory. In order
to maintain traceability, the same lead should be used for measurement; so 2-wire ohms
can be selectenhly if the same serial number is entered in this menu, via the numeric
keyboardpage 3-3) (The serial number of the lead is marked on the lead itself. The
correctlead number can be found by pressinglibad soft key in the STATUS
CONFIG menu page 3-4). If the number entered does not match that registered in
non-volatile memory, access is denied, and the following error message is displayed:

1033: lead serial number incorrect

Menu tour continues overleaf
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Ohms Configuration (Contd.)

2wQ Once the correct number has been entered, the dot-matrix display returns
to the OHMS CONFIG menu, then 2-wire Ohms can be selected. When
successful, a cursor will be placed under th@Zeft key label, and the
4wQ annunciator on the main display will be extinguished.

If the correct number hamt been entered since the last power-on, then 2-wire Ohms
cannotbe selected, and pressing the(2wgoft key will result in the following error
message:

1032: 2 wire selection requires lead#

Press th®©hms key, thenConfig key for the OHMS CONFIG menu:

OHMS CONFIG: Lead# 2w Q RemGu

Remote Guard
Local Guard is the power-on default for all Ohms ranges and bands. If Remote Guard
is selected on any Ohms range, it is applied throughout all Ohms ranges.

RemGu Selects Remote Guard. In Ohms function only, the Lo pin on the input
socket is not connected to the internal analog common (as for other
functions), but made active as the Ohms low sense connection. The internal
guard screens and tracks are permanently connected to analog common.
When Remote Guarnd selected, the internal guards also connect to the
input-socket Guard pin, for connection to a common-mode point in the
external circuit. When Remote Guasdnot selected, the input-socket
Guard pin is open-circuited.

To indicate that Remote Guard has been selected, a cursor appears under
the RemGu soft key label, and the RemGu annunciator on the main display
is lit.

Press th®©hms key to return to the OHMS menu.

The selected guard configuration is memorized by the 4950 when leaving Ohms to
operate in other functions, and reinstated on return to Ohms.
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Ohms - Movement between Menus

Ohms

OHMS CONFIG

10Q  100Q 1kQ  10kQ 100kQt --> ‘ <-- 1IMQ 10MQ 100MQ Lead#
Page 3-20 2wQ +
RemGu

LEAD SER# =

0% 0%+ 0%+ 0%+ 0%+ 0%+
10% 2
30% 30% 30% 30% 30% 30% 30% 30% L Enter
100% 100% 100% 100% 100% 100% 100% 100%
190% 190% 190% 190% 190% 190% 190% — Quit
Notes: Page 3-22

The actions of Ohms and Config hard keys are available from all the above

menus.

t  100kQ is the Ohms default range.

¢ 0% is the Ohms default measurement band on all ranges.

- Menu soft key provided to transfer up to high resistance ranges menu.

— Menu soft key provided to transfer down to low resistance ranges menu.

T Selection of 2-wire ohms connection requires the correct lead serial
number to have been entered in the LEAD SER # menu.
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DC Current
Press thé®Cl key to see the DGhenu:

MULTIFUNCTION
TRANSFER
STANDARD

Power

Status Config N\ PO N\ N N PN Cal

0 Exp Enter Quit o =l

Cert H
J

This menu defines six rangeenikeys. The 1A range is the power-on default, as shown
by the cursor.

5 - Last rdg

DCV ACV Ohms DCI ACI Mode Monitor || Test

Press thd A key to see the 1Aange menu:

DCI Measurement Bands
There are two DCI measurement bands, 0% (Zero}; Hd@P of Nominal Full Range.

The Zero (0%) band is the power-on default on all ranges, as shown by the cursor.

1A range:

DCI Range/Band Assignments

The DCI menu presents the DCI ranges for users to choose a range and transfer to a
Range menu, where the required Measurement Band can be assigned. Each range is
unique to the DCI function, and each band in a range is unique to that range (although
another band of the same name exists on all ranges).

Note that the traceability of the 10A range is dependent on using a designated external
10A Shunt (Model 4953), with which the 10A range will have been calibrated.
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Selecting a measurement band in one range has no effect on band selections in other
ranges.

Once a band has been assigned to a range, the assignment is retained until it is changed
on the same range menu, regardless of intermediate operation in other ranges and
functions. We can show this by continuing our tour:

Press th@00% key to select the Nominal Full Range measurement band:
The cursor moves under 100% to indicate selection.

Press th&CV key: the ACV menu is presented.

Press th®Cl key: the DCI menu is presented. Note that the 1A range is
still selected.

Press tha00mA key: the 100mA range menu is presented. Note that the
default 0% measurement band is selected.

Press thd00% key: The cursor moves under 100% to indicate selection.

Press th®CI key: the DCI menu is presented. Note that the 100mA range
is still selected.

Press thd A key: the 1A range menu is presented. Note that the 100%
measurement band is still selected.

Menu tour continues overleaf
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DCI Configuration
(10A Shunt Serial Number; Remote Guard)

When in the DCI menu or one of the DCI range menus, pressiGgttiig key presents

the DCI CONFIG menu, where DCI can be configured for local or remote guard
connection. The power-on and reset default is local guard. Reconfiguring the guard
connection in DCI has no effect on selections in other functions. Once a configuration
has been chosen, it is retained for all DCI operation until it is changed in the DCI
CONFIG menu, regardless of intermediate operation in other ranges and functions.

DCI 10A Operation

At Power-On and Reset state the default condition is DCI 10A range disabled. If the
10A range is required, the serial number of the designated Model 4953 10A external
shunt needs to be entered to guarantee traceable 10A measurements. The 4953 is
described irAppendix Ato Section 1

In all DCI 10A measurements, the shunt forms part of the external circuitry, and the
result of any measurement is not traceable if the wrong shunt is used, whether or not the
shunt value is the same as the correct one.

The 4950 provides error correction during every measurement. This is possible only
if the value of the shunt is known; so at calibration of the DCI function, the 4953 value

is characterized in non-volatile memory to establish its traceability. Subsequently, if

traceability is to be maintained, the characterized 4953 must travel with the instrument,
to be used for all 10A DCI measurements.

To this end, all authorized 4953 shunts are serial-numbered. The serial number of the
characterizedt953 is registered in 4950 non-volatile memory, so that users can ensure
that the correct shunt is connected. The correct serial number must be entered via the
DCI CONFIG or ACI CONFIG menu before any DCI 10A measurements can proceed.

This does not prevent an incorrect shunt from being used once the correct number has
been entered; indeed, the STATUS CONFIG menu accesses the serial number of the
characterized shunt. Thisinitial barrier is intended to remind usetisdhiedceability

chain will be broken, if the characterized shunt is not used
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Press th&€onfig key to see the DCI CONFIG menu:

MULTIFUNCTION
TRANSFER
STANDARD

DCI _CONFIG: Shunt#

AT AT~ T AT~ T~ T

Shunt#: Unless the correct serial number of the 10A shunt has been entered since
power-on, the DCI 10A range cannot be selected.

Press th&hunt# soft key to gain access to the 10A SHUNT SER # menu:

10A SHUNT SER#= ? Enter Quit

At the most-recent DCI 10A calibration, the serial number of the shunt used for
calibration will have been written into fimware. In order to maintain traceability, the
same shunt should be used for measurement; so the DCI 10A range can bexs#jected
if the same serial number is entered in this menu, via the numeric keYjhaged-3)

(The serialmumber of the shunt is marked on the shunt itseltoftextshunt number

can be found by pressing tBaunt soft key in the STATUS CONFIG mengages

3-39 to 44) If the number entered does not match that registered in non-volatile
memory, access is denied, and the following error message is displayed:

1027: shunt serial number incorrect

10A range Once the correct number has been entered, then the 10A range can be
selected in the DCI menu. When successful, the cursor will be placed
under the 10A soft key label.

Menu tour continues overleaf
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DCI Configuration (Contd.)

If the correct number hamt been entered since the last power-on, then the DCI 10A
rangecannotbe selected, and pressing the 10A soft key will result in the following error
message:

1028: 10A selection requires shunt#

Press th®Cl key thenConfig key for the DCI CONFIG menu:

DCI _CONFIG: Shunt# RemGu

Remote Guard
Local Guard is the power-on default for all DCI ranges and bands. If Remote Guard
is selected while in any DCI range, it is applied throughout all DCI ranges.

RemGu Selects Remote Guard. When Remote Gisarsbtselected, the input-
socket Guard pin is open-circuited, and the internal guards connect to
internal Lo. When Remote Guassselected, the Lo connection is broken,
and the internal guards connect only to the input-socket Guard pin, for
connection to a common-mode point in the external circuit.

To indicate that Remote Guard has been selected, a cursor appears under
the RemGu soft key label, and the RemGu annunciator on the main display
is lit.

Press thé®Cl key to return to the DCI menu.

The selected guard configuration is memorized by the 4950 when leaving DCI to
operate in other functions, and reinstated on return to DCI.
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DC Current - Movement between Menus

DCI

Page 3-26

100pA 1ImA 10mA 100mA 1At 10A*

.y

0% 0%+
100% | | 100%

Notes:

The actions of DCI and Config hard keys are available from all the above menus.

t 1Ais the DCI default range.

¢ 0% is the DCI default measurement band on all ranges.

¥ Selection of DCI 10A range requires the correct 4953 external shunt serial
number to have been entered in the SHUNT SER # menu.

- = DCI CONFIG
Shunt#

RemGu

?

Enter
Quit
Page 3-28
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AC Current
Press théCl key to see the AQhenu:

MULTIFUNCTION
TRANSFER
STANDARD

Power

100pA 1ImA 10mA 100mA

Status Config PN PN PN PN PN PN PN Cal

0 1 +/- Enter

Exp Quit o =l

5 6 . - Last rdg

DCV ACV Ohms DCI ACI Mode Monitor || Test Cert H

This menu defines six rangeenikeys. The 1A range is the power-on default, as shown
by the cursor.

Press thd A key to see the 1Aange menu:

Because ACI is defined in frequency as well as current value, an extra layer of menus
is needed for selection.

Frequency Bands

As the 4950 is intended to calibrate calibrators, in this case AC Current sources,
measurement of a continuous range of frequencies is unnecessary. Confining the
response of the instrument to a series of frequency bands, operabletM¥rof a
nominal center frequency, targets a large number of calibration points used by AC
current calibrators. Moreover, although each frequency band has its own correction,
the frequency response errors due to maintaining a wideband spectrum are drastically
reduced. This allows closer tolerances to be placed on the current values in each band,
improving the overall accuracy.
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Frequency Band Selection

Most frequency bands are available on every AC Current range, but not all. The table
shows the allocation of frequency bands to ranges; only the starred range/frequency-
band combinations are available.

Available Range/Frequency-Band Combinations

Range Frequency Band (Hz)

10 | 20 | 30 | 40 | 558 ‘3oo’§ 1k | 5k | 10k ‘ 20k | 30k
100pA ol ololo] o-J-o] o] o] of-0] O
1mA ol oJlo]Jo]oJ-o]Jo] o] of-O0] @
10mA ol olololoJco] ol o] ofco] @
womA [ O] o] o] o] oJco] o]l o] ofco] O
1A1 o] o]lo]o]lofJeo] o] o] oJco] @O
10A7 ol ol ol ol ofco]l o]l olol o)

Notes:

t 1A is the ACI default range.

¢ The 300Hz frequency band is the ACI default for all ranges.

§ The 55Hz frequency band is extended to cover both 50Hz and 60Hz.
The 300Hz frequency band is extended to cover 400Hz.

- Menu soft key provided to transfer up to the high frequency band menu.

~ Menu soft key provided to transfer down to the low frequency band menu.

¥ Selection of ACI 10A range requires the correct shunt serial number to have
been entered in the SHUNT# menu.

Frequency Band Menus

In the above table, frequency bands are grouped according to the menus in which they
appear. Transfer from one menu to the other is accomplished using special end soft-
keys labelled with a right or left arrow (as in the table).

No Measurement Band Menus
There is only one ACI measurement band: Nominal Full Range (1:600%). No
measurement band menus are required.

Menu tour continues overleaf
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ACI Range/Frequency-Band Assignments

The ACI menu presents the ACI ranges for users to choose a range and transfer to a
Range menu, where the required Frequency Band can be assigned. Eachrange is unique
to the ACI function, and each band in a range is unique to that range (although another
band of the same name may exist on allranges). Selecting afrequency band in one range
has no effect on band selections in other ranges.

Once a band has been assigned to a range, the assignment is retained until it is changed
on the same range menu, regardless of intermediate operation in other ranges and
functions. We can show this by continuing our tour, which we left in the 1A range with
the default 300Hz frequency band selected:

Press thék key: The cursor moves under 1k to indicate selection.
Press thé®Cl key: the DCI menu is presented.
Press théClI key for the ACI menu. The 1A range is still selected.

Press tha 00mA key: the 100mA range menu is presented. The default
300Hz frequency band is selected.

Press the&-- key to transfer to the 55Hz band on the LF band menu:

100mA: Hz= 10 20 30

The cursor moves under 55 to indicate selection.
Press thd0 key: The cursor moves under 40 to indicate selection.

Press th&Cl key: the ACI menu is presented. Note that the 100mA range
is still selected.

Press thelA key: the 1A range mid-frequency band menu is presented.
Note that the 1k frequency band remains selected.

Enter the high frequency band menu (20kHz & 30kHz bands) by pressing
the--> key to note the 20kHz & 30kHz band labels, then press-they
to revert to the mid-frequency band menu.
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ACI Configuration
(10A Shunt Serial Number; Remote Guard)

Whenin the ACI menu or one of the ACI range menus, pressidptifeg key presents

the ACI CONFIG menu, where ACI can be configured for local or remote guard
connection. The power-on and reset default is local guard. Reconfiguring the guard
connection in ACI has no effect on selections in other functions. Once a configuration
has been chosen, it is retained for all ACI operation until it is changed in the ACI
CONFIG menu, regardless of intermediate operation in other ranges and functions.

ACI 10A Operation

At Power-On and Reset state the default condition is ACI 10A range disabled. If the
10A range is required, the serial number of the designated Model 4953 10A external
shunt needs to be entered to guarantee traceable 10A measurements. The 4953 is
described irAppendix Ao Section 1

In all ACI 10A measurements, the shunt forms part of the external circuitry, and the
result of any measurement is not traceable if the wrong shunt is used, whether or not the
shunt value is the same as the correct one.

The 4950 provides error correction during every measurement. This is possible only
if the value of the shunt is known; so at calibration of the ACI function, the 4953 value

is characterized in non-volatile memory to establish its traceability. Subsequently, if
traceability is to be maintained, the characterized 4953 must travel with the instrument,
to be used for all 10A ACI measurements.

To this end, all authorized 4953 shunts are serial-numbered. The serial number of the
characterizedt953 is registered in 4950 non-volatile memory, so that users can ensure
that the correct shunt is connected. The correct serial number must be entered via the
DCI CONFIG or ACI CONFIG menu before any ACI 10A measurements can proceed.

This does not prevent an incorrect shunt from being used once the correct number has
been entered; indeed, the STATUS CONFIG menu accesses the serial number of the
characterized shunt. This initial barrier is intended to remind usetise¢hiedceability

chain will be broken, if the characterized shunt is not used
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ACI Configuration (Contd.)
Press th&€onfig key to see the AClI CONFIG menu:

MULTIFUNCTION
TRANSFER
STANDARD

AT AT AT AT AT~ T~ T T

Shunt#: Unless the correct serial number of the 10A shunt has been entered since
power-on, the ACI 10A range cannot be selected.

Press th&hunt# soft key to gain access to the 10A SHUNT SER # menu:

ACI CONFIG: Shunt# RemGu

10A SHUNT SER #= ? Enter Quit

At the most-recent ACI 10A calibration, the serial number of the shunt used for
calibration will have been written into non-volatile memory. In order to maintain
traceability, the same shunt should be used for measurement; so the ACI 10A range can
be selecteanly if the same serial number is entered in this menu, via the numeric
keyboard(page 3-3) (The shunt serial number is marked on the shunt itself. The
characterizedshunt number can be found by pressing gshent soft key in the
STATUS CONFIG menupages 3-39 to 3-4}% If the number entered does not match

that registered in non-volatile memory, access is denied, and the following error
message is displayed:

1027: shunt serial number incorrect

10A range Once the correct number has been entered, then the 10A range can be
selected in the ACI menu. When successful, the cursor will be placed
under the 10A soft key label.
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If the correct number ha®t been entered since the last power-on, then the ACI 10A
rangecannotbe selected, and pressing the 10A soft key will result in the following error
message:

1028: 10A selection requires shunt#

Press thé\Cl key then theConfig key the ACI CONFIG menu:

ACI CONFIG: Shunt# RemGu

Remote Guard
Local Guard is the power-on default for all ACI ranges and bands. If Remote Guard
is selected while in any ACI range, it is applied throughout all ACI ranges.

RemGu Selects Remote Guard. When Remote Gisartselected, the input-
socket Guard pin is open-circuited, and the internal guards connect to
internal Lo. When Remote Guassselected, the Lo connection is broken,
and the internal guards connect only to the input-socket Guard pin, for
connection to a common-mode point in the external circuit.

To indicate that Remote Guard has been selected, a cursor appears under
the RemGu soft key label, and the RemGu annunciator on the main display
is lit.

Press thé&\Cl key to return to the ACI menu.

The selected guard configuration is memorized by the 4950 when leaving ACI to
operate in other functions, and reinstated on return to ACI.

Menu tour continues overleaf
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AC Current - Movement between Menus

N
T
T

.
O
O
t

O

ACI
Page 3-32
. = ACI CONFIG
100pA  1mA 10mA 100mA 1Af 10A* Shunt#
¢ L L ¢ RemGu
1mA 10mA 1A
Hz = Hz = Hz =
10 10 10
20 20 20 ?
30 30 30 Enter
40 40 40
55* 55* 55* 55* 55* 55* Quit
oo oo oo oo oo oo Page 3-35
300¢*| |300e*| |300e*| |300e*| |300e*| |3000¢*
1k 1k 1k 1k 1k 1k
5k 5k 5k 5k 5k 5k
10k 10k 10k 10k 10k 10k
oo oo oo oo oo 20k
20k 20k 20k 20k 20k
30k 30k 30k 30k 30k

otes:

he actions of ACI and Config hard keys are available from all the above menus.
1A is the ACI default range.
300Hz is the ACI default measurement band on all ranges.
55Hz frequency band is extended to include line power frequencies of 50Hz and 60Hz.
300Hz frequency band is extended to include line power frequency of 400Hz.
Selection of ACI 10A range requires the correct 4953 external shunt serial number
to have been entered in the SHUNT# menu.
Menu soft key provided to transfer up to a higher frequency band menu.

Menu soft key provided to transfer down to a lower frequency band menu.
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'Status' Key

So far in this section, we have concentrated on the menus of the keys which select the
type of physical quantity to be measured - we call them the Main Function keys. With
these, we can configure the functions so that basic measurements conform to our
requirements. Obviously the instrument is capable of more sophisticated operations
than just taking straightforward measurements.

These are discussed in subsequent sections, but there is another key which is relevant
to basic measurements.

Status Key
Using theStatus key, we can review the instrument parameters which are currently set
up, over and above those indicated by the annunciators on the main display.

Using theStatus andConfig keys, we can see the serial number of the instrument and
the issue number of the currently-installed firmware. The serial numbers of the two-
wire Ohms lead and 10A shunt whose parameters have been characterized during the
most recent calibration. In addition, the IEEE 488 bus address can be displayed and
changed if required.

Menu tour continues overleaf
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Status Report

When power is switched on, the STATUS display appears automatically on the dot-
matrix display, counting down the remaining warm-up period (refexde 3-%. Once

this period has expired, the display presents a summary of the current instrument state.
The following sequence describes this summary.

Press thé&tatus key to see the STATURport:

MULTIFUNCTION
TRANSFER
STANDARD

4950
= AT AT AT AT AT~ T~ 1= T

STATUS: FUNC RNGE BAND ACCY CORR

Status reports the most-recent selections from the various menus. It can be used to
check that the instrument state is suitable for the measurement being made.

The legends shown in the above diagranmaloactually appear, they only mark the
positions of legends which can appear. Each merely acts as a key to the list below. The
meaning and possible parameters which appear in each position are given in the list:

Abbr. Meaning Possible Parameters

FUNC  Function: DCV, ACV, OHM, DCI, ACI.

RNGE DC Voltage Range: 1mvV, 10mV, 100mV, 1V, 10V, 19V, 100V, 1kV;
AC Voltage Range: 1mvVv, 10mV, 100mV, 1V, 10V, 19V, 100V, 700V, 1kV;

Ohms Range: 10Q, 100Q, 1kQ, 10kQ, 100kQ, 1MQ, 10MQ, 100MQ;
Current Range: 100pA, 1mA, 10mA, 100mA, 1A, 10A.
BAND  Measurement Band: 0%,10%, 30%, 100%, 190%.
Frequency Band: 10Hz, 20Hz, 30Hz, 40Hz, 55Hz, 300Hz, 1kHz, 5kHz, 10kHz,
20kHz, 30kHz, 50kHz, 100kHz, 200kHz, 300kHz, 500kHz, 1MHz.
ACCY  Accuracy: LoAcc, HiAcc.

CORR Certified Corrections:  blank or CERT.
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Status Configuration
(Two-Wire Ohms Lead Serial Number, 10A Shunt Serial Number,
Instrument Serial Number/Software Issue and IEEE 488 Bus Address)

The following STATUS CONFIG menu is available both during, and after expiry of,
the instrument warm-up period.

Press th&€onfig key to see the STATUS CONFIG menu:

STATUS CONFIG: Lead Shunt Ser# Addr

MULTIFUNCTION
TRANSFER
STANDARD

4950

= AT AT AT AT AT~ T~ = T

Thisis a menu, defining the following menu keys.

Lead:

Shunt;

Ser#:

Addr:

displays the LEAD SERIAL # menu, to see the serial number of the
2-wire Ohms lead which was characterized by this instrument during
the most-recent calibration.

displays the SHUNT SERIAL # menu, to see the serial number of the
10A shuntwhich was characterized by this instrument during the most-
recent calibration.

displays the SER# menu, to review the serial number and software
issue of the instrument.

displays the ADDRESS menu, to review and change the IEEE-488 bus
address of the instrument.

Menu tour continues overleaf
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LEAD SERIAL NUMBER
Press thé.ead key to see the LEAD SERIAL # = display:

LEAD SERIAL # = 1234567890ab 0.0003 Q

This displays the serial number of the characterized 2-wire Ohms lead, and its measured
resistance. Unless this particular lead is the one employed when using the 2-wire Ohms
facility, the measurements will not be traceable.

Transfer from the LEAD SERIAL # = display back to the STATUS
CONFIG menu by pressing ti@onfig key.

SHUNT SERIAL NUMBER
Press thé.ead key to see the SHUNT SERIAL # = display:

SHUNT SERIAL # = 1234567890ab

This displays the serial number of the characterized 10A shunt. Unless this particular
shunt is the one employed when using the DCI and ACI 10A ranges, the measurements
will not be traceable.

Transfer from the SHUNT SERIAL # = display back to the STATUS
CONFIG menu by pressing ti@onfig key.
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INSTRUMENT SERIAL NUMBER and SOFTWARE ISSUE NUMBER
Press th&er# soft key to see the SER# = display.

SER # = 1234567890ab S/W ISS 01.01

This display is for information only. Inspect the instrument serial number and software
issue number. The serial number cannot be altered except in one of the calibration
menus, and this facility is only provided for use during manufacture. Once changed,
the number is not lost when the instrument power is turned off. The software issue
number (last four digits) is embedded in the software itself, and is not user-alterable.

Transfer from the SER # = display back to the STATUS CONFIG menu by
pressing th&€onfig key.

|IEEE 488 ADDRESS Menu
Press théddr key to see the IEEE 488 ADDRESS = menu:

ADDRESS = 23 Enter Quit

This menu permits entry of a value to be used as an IEEE-488 bus address.

Initially, the menu displays the present address value, and the numeric-keyboard keys
are activated. Any valid numeric valu@30) may be entered.

PressingEnter stores the new value (or restores the old value if unchanged), but
pressingQuit leaves the old value intact.

Either Enter or Quit causes exit back to the STATUS CONFIG menu.

Now end this tour of the main menus. Transfer fromthe ADDRESS =menu
back to the STATUS menu by pressing 8tatus key.

Menu tour concludes overleaf
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Status

STATUS

Function
Range

Measurement Band
or

Frequency Band
Accuracy

Certified Corrections
Page 3-40

Status Reporting - Movement between Menus

-
-

=& LEAD SERIAL #

Serial Number

o —

Serial Number

Software Issue

Page 3-43

STATUS CONFIG Resistance
Lead Page 3-42
Shunt | >
Ser# Serial Number
Addr Page 3-42

Page 3-41

—>» ADDRESS

IEEE 488 Address

Enter (New Address)

Quit (Old Address)

\/

Page 3-43

Note: The actions of Status and Config hard keys are available from all Status menus.
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Conclusion

We have now come to the end of our introductory tour of the main menu keys. Thisiis,
however, far from the end of the instrument’s facilities. Now you are more familiar with
the operation of the front panel, it is not necessary to continue in the same sort of
programmed way.

Section 4 deals with the manual selection of the facilities not covered here, and Section
5 is devoted to the operation of the instrument via the IEEE 488 Interface.

You will find that the information in Sections 4 and 5 is presented in a more concise and
accessible form than here in Section 3. Your familiarity with the instrument will allow
you to progress rapidly to the facilities you wish to investigate.
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SECTION 4 Using the 4950

Preliminaries

This section details the methods of using the 4950, divided so as to provide an easy reference for
particular functions and facilities. The divisions are as follows:

Instrument Configuration Measurement Results

Instrument stability status; status reporting; Sample mean value; quality (sample standard
instrument identity; associated 2-wire ohms deviation; sample size); signal frequency (AC
lead serial no.; associated 10A shunt serial no.; only).
temperature status; calibration dates.

Selftest Operations

Measurement Definition Confidence test; display test; keyboard test.

Functions:
DC Voltage; AC Voltage; Resistance; Direct Action Keys
DC Current; AC Current. Reset; Ext'trig; Sample; Local; SRQ; Caltrig
Within the function menus, individual and Zero.

measurement parameters are selected from:
Range; frequency band; measurement ban@alibration Operations

two-wire/four-wire ohms; local/remote guard.  ~_ i ation at nominal and non-nominal

Measurement Parameters: target values; internal clock correction; entry
Measurement samples; accuracy mode; of date and time of calibration; entry of
correction mode; trigger source selection. ambient temperature at calibration;

characterizing 2-wire ohms lead and exit
from Calibration mode.

Installation Limiting Characteristics

WARNING Read the Safety Issues section at thBlaximum inputs are detailed in Section 6.
front of this manual before installing,
using or servicing this instrument. Safety
. . ... The model 4950 is designed to meet the safety
CAUTION  Before using the instrument, it iS o0 jirements of UL 1244, ANSI C39.5 (Draft 5)
mportant thgt it Taj been correctly ;.\ ENG1010:1993/A2:1995... See the Safety Issues
Installed as detailed in Section 2. section at the front of this manual.
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Interconnections - General Guidelines

Importance of Correct Connections

The 4950 is capable of providing highly accuratgrcuitry or load. A few general guidelines for
traceable measurements. To attain this, it ¢®rrect external connection are given in the
necessary to make correct connection to any exterftdlowing paragraphs.

Sources of Error

Thermal EMFs Lead Resistance
These can give rise to series (Normal) mod&he resistance of the connecting leads can drop
interference, particularly where large currents haveignificant voltages between the source and load,
a heating effect at junctions. In otherwisesspecially at high load currents.
thermoelectrically-balanced measuring circuits,
cooling caused by draughts can upset the balandead Insulation Leakage

This can cause significant errors in measurement
E-M Interference circuits at high voltages. Some insulating materials
Noisy or intense electric, magnetic andsuffer greater losses than others, e.g. PVC has
electromagnetic effects in the vicinity can disturbmore leakage than PTFE.
the measurement circuit. Some typical sources
are:

¢ Proximity of large static electric fields.

¢ Fluorescent lighting.

¢ Inadequate screening, filtering or grounding of
power lines.

e Transients from local switching.

e Induction and radiation fields of local E-M
transmitters.

e Excessive common mode voltages between
source and load.

The disturbances can be magnified by the user’s
hand capacitance. Electrical interference has
greatest effect in high impedance circuits.
Separation of leads and creation of loops in the
circuit can intensify the disturbances.
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Avoidance Tactics

Thermal EMFs:

Screen thermal junctions from draughts. .

Allow time for thermal equilibrium to be

reached before taking readings.

Use conductors, joints and terminals with a

good margin of current-carrying capacity.

Avoid thermoelectric junctions where possible:

e Use untinned single-strand copper wire o#
high purity.

¢ Avoid making connections through Nickel,
Tin, Brass and Aluminium. If oxidation is
aproblem use gold-plated copper terminals,
and replace the terminals before the plating
wears off.

E-M Interference:

Choose as “quiet” a site as possible (a screened
cage may be necessary ifinterference is heavy).
Suppress as many sources as possible.
(Refer also t&ection 2, Page 2}7

Always keep interconnecting leads as short as
possible, especially unscreened lengths.

Run leads together as twisted pairsinacommon
screen to reduce loop pick-up area, but beware
of leakage problems and excessive capacitance.
Where both source and load are floating,
connect Lo to ground at the source to reduce
common mode voltages.

e If joints must be soldered, low-thermallLead Resistance:

solders are available, but crimped joints are
preferred. .
e Uselow-thermal switches and relays where
they form part of the measuring circuit.
< Balance one thermal EMF against another
in opposition, where possible. (Switch and
relay contacts, terminals etc.)

Keep all leads as short as possible.

Use conductors with a good margin of current-
carrying capacity.

Use Remote Guard or 4-wire connections where
necessary.

Lead Insulation Leakage:

Chooselowlossinsulated leads - PTFE is preferred
to PVC. When running leads together in screened
pairs, avoid large voltages between leads in the
same screen, especially if using PVC insulation.
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Instrument Configuration

Instrument Status Instrument Identity
Power On and Warm-up Serial Number and Software Issue
Instrument Stability and Traceability Status Menu

Lengthy stabilization time is required due to theAt mosttimes, the instrument serial number can be
4950's task as tmansfer standard Its role is to confirmed by first pressing the front pa&tus
transfer traceable accuracy from a 'Hub' Standardésy, followed by th&Config key. This will open
Laboratory to remote calibrators, as part of she STATUS CONFIG menu:

calibration schemeSgction 1, page 1-2/3 In

each scenario, the 4950 receives 'Certifie(>™"s

calibration at the Hub under stringent condition NS

of temperature stability. To preserve traceability,

these conditions need to be reproduced durir[cOnﬁg)

subsequent transfers. m Lead Shunt [ser# Jaddr |

4950 Stability Status Report Then pressing the sdier# key will present the
When power is switched on, the 4950gpR 4 - display:

STABILITY status report appears automatically

on the dot matrix display, showing the time m

remaining to complete the warm-up period. 1234567890ab _S/W ISS 01.01 ]
Power Further details are given Bection 3page 3-43
o zm STABILITY EXPECTED IN : 05hr 59min |

During any stabilization period, pressing the frontEEE 488 Address
panelStatus key also presents this report.

Status Menu

i ) At most times, to confirm or change the IEEE 488
Int_erruptlon c_>f I._|ne Power . address of the instrument, press the front panel
If line power is interrupted, during or after warm- tatus key, followed by th€onfig key. This will

up, more stabilizationtime isimposed. The intern pen the STATUS CONFIG menu on the dot-
calculation for this extra stabilization period appears, atrix display as above. Then press the/sodr

in Section 3, page 3:5 key to show the ADDRESS = menu:

Status Summary after Stabilization ADDRESS:

Once the 4950 has stabilized, pressing3tagus 23 Enter Quit |
key presents a summary of the current instrument

operational stateSection 3, page 3-40 Further details are given Bection 5page 5-4
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Identifying Traceable Accessories

Characterized 2-Wire Ohms Lead Designated 10A Shunt

Status Menu Status Menu

At most times, to determine the serial number oAt most times, to determine the serial number of
the 2-wire Ohms lead which was characterized bihe 10A shunt which was designated by this
this instrument at the most-recent Ohmsnstrument at the most-recent DCI or ACI
calibration, press the front pangltatus key, calibration, press the front pangtatus key,
followed by theConfig key as before. This opensfollowed by theConfig key as before. This opens
the STATUS CONFIG menu on the dot-matrixthe STATUS CONFIG menu on the dot-matrix
display. Then press the sdfead key for the display. Then press the s&hunt key for the
LEAD SERIAL # = presentation: SHUNT SERIAL # = presentation:

LEAD SERIAL # = SHUNT SERIAL # =
1234567890ab  0.0003Q | 1234567890ab |

This display shows the serial number of théhis display shows the serial number of the
characterized 2-wire Ohms lead and its measurel@signated shunt. Unless this particular shunt is
resistance of Hi and Lo in series. Unless thithe one employed when using the DCI and ACI
particular lead is the one employed when using tHEA ranges, measurements will not be traceable.

2-wire Ohms facility, the measurements will NOtrhig presentation is provided only to identify the

be traceable. correct shunt for 10A range operation. As a
This presentation is provided only to identify theconstraint when first selecting one of these ranges
correct lead for 2-wire Ohms operation. As after poweron, the DCI CONFIG or ACI CONFIG
constraint when first selecting the facility aftermenu(pages 4-18 and 4-28spectivelymust be
power on, the OHMS CONFIG mefage 4-15) opened to enter the correct shunt serial number.
must be opened to enter the correct lead seri@therwise the 10A range cannot be selected.
number. Otherwise 2@ cannot be selected.

The shunt serial number cannot be changed in this
Neither the lead serial number nor its characterizgatesentation. It can be altered only during a
resistance can be changed in this presentatiagpecific operation when in Calibration mode.
They can only be altered during a specific lead

characterization operation when in Calibration

mode.
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Instrument Configuration  (contd)
Temperature Status

Internal Temperature;
Calibration Temperatures

Monitor Menu Differences between the Present Internal

The MONITOR menu gives access to read th&emperature and Internal Temperatures

currentinternal temperature of the instrument, anat Calibration

the ambient temperature at which CertifiedAt mosttimes, to read the differences between the

Calibration was last carried out. The differencepresent internal temperature and the internal

between the current internal temperature and themperatures at (a) 'Baseline' and (b) 'Certified'

internal temperatures at (a) Certified CalibratiorCalibration, press the front panonitor key.

and (b) Baseline Calibration can also be read. This will open the MONITOR menu on the dot-
matrix display as before.

Curr(_ant Internal Temp.. , N Press theTemp soft key to see the

Ambient Tgmp. at Certified Calibration _ TEMPERATURE menu:

At most times, to read the current internal

temperature of the instrument and the Certified :

Calibration ambient temperature, press the front int Lo ] |
paneMonitor key. This will open the MONITOR  Then press thiff soft key to see the TEMP DIFF
menu on the dot-matrix display: display, showing the differences between the

@ present internal temperature and the internal
1 : . temperatures at Baseline and Certified Calibration:
Monimr@ Temp| Freq C'Date Time Qual | p

Press theTemp soft key to see the BASE: +001.3°C _CERT: -0014°C |

TEMPERATURE menu:

TEMPERATURE:
[ nd ] Diff |

Then press thimtl soft key to see the INTERNAL
TEMP display, showing the current internal
temperature of the instrument and the Certified
Calibration ambient temperature:

INTERNAL TEMP:
+018.3°C CERT AMB: 23°C
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Calibration Calendar Monitor Menu - Other Options

Most-Recent Calibration Dates; Frequency and Quality Keys
Present Time

Monitor Menu Freq Key

The MONITOR menu gives access to read th&his key is used to obtain the frequency of the
dates of the most-recent Baseline and Certifiesignal being measured. It is available only when
calibrations of the instrument, and a readout of th&CV or ACI function is selected, and is described

present time (this readout is not dynamic, andnder the heading of 'Measurement Results' on
relates only to the time that it is presented). page 4-29

Baseline and Certified Calibration Dates Qual Key

At most times, to read the most-recent Baselin€his key is used to ascertain the quality of the most

and Certified Calibration dates of the instrumentiecent measurement sample. It is not available

press the front pan®onitor key. This will open from power-on until the first measurement has

the MONITOR menu on the dot-matrix display: been made, and only whenthe measurementsample
size is greater than one reading. It is described

(e _ under the heading of ‘Measurement Results' on
Monimr‘:\\\ Temp Freq [CDate | Time Qual |
\\\\\

page 4-28

Press th€'Date soft key to see the BASE/CERT
display e.g.:

| BASE: 13 Jan 91 CERT: 12 Sep 92 |

Present Time

To read the present time, press the front panel
Monitor key. This will openthe MONITOR menu
on the dot-matrix display as before.

Press th@ime soft key for the TIME display e.qg.:

15hr 21min 14 Jun 93 |

Repeat these operations to update the display.
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Measurement Definition

Functions
DC Voltage DC Voltage Menu
Introduction DCV Ranges

The 4950 is designed mainly for multifunctionAt most times, the DC Voltage function can be
calibrators which are calibrated by storingselected and made active by pressing the front
corrections in non-volatile memory. ThepaneDCV key. This will open the DCV menu on
corrections are applied at two voltage points othe dot-matrix display:

each range: zero and nominal full range. The

nominal full range points are at decade valu m
+100mV, +1V, +10V, +100V and +1kV. mv§§¥ 100my_1v_ 10V 100V [ 1kv

Correcting the zero and full range points brings the
ranges within specification.

The 1kV range is the default range on power-up;

The 4950 DC voltage ranges are the same as thahkes is shown by the cursor beneath the 1kV label.

of the calibrators, but instead of covering the fulAny range can be selected by pressing the soft key
range spans, they consist of measurement bandsiatler its range label. Each is a menu key, and
zero, positive full range and negative full rangeopens a menu which allows selection from the

Each band coversl0% &15% on 100mV range) valid measurement bands on that range.

of the full range value at each of the calibratio : : :
. . or instance; pressing the 1kV menu key will open
points. For instance on the 100V range the 49 P g y P

ﬂe 1KV range menu:
can measure from:

-10V to +10V (zero band); % 100% |

+90V to +110V (positive full range band)
and -110V to -90V (negative full range band) The 0% measurement band is the default for all
Janges on power-up and reset; this is shown by the
ursor beneath the 0% label. The 100% band can
be selected by pressing its soft key.

The other ranges conform to a similar pattern. F
the majority of calibrators, these are also suitabl
target values.

To choose another range, press DCV again. Then,

To verify (but not correct) linearity for all its X
ranges, the 10V range on many calibrators ifsOr instance, the 10V range can be selected by

checked att19V. So for this purpose only, the pressing the 10V menu key in the DCV menu (the

0,
4950 10V range has an extra measurement banaeé{ra 190% band also appears on the 10V range

190%, which measures from +18V to +19.5V an g_nui. d ghfh most—recenttrlly selected band s
from -19.5V to -18V. indicated by the cursor on the range menu.

For all the above bands, the 4950 will generate a\r%/ :ee:tl re;g{gé?f d t:anth: Ei ?j/'cg]tzr&ut’) t?ﬁe rcnorztc;r
error message on the main display if a signal is y ge s indi y ursor.
applied whose value falls outside the band limits.
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DCV Config Key Error Messages

DCV CONFIG Menu Measurement Band Limits

At most times when in the DCV menu or one of théf a signal is input whose value is greater than the

DCV range menus, the DCV CONFIG menu campper band limit, then the messaderrbr

be opened by pressing the front paddehfig key. OL'appears on the main display. Conversely, the

For example: messagédrror UL' appears for inputs less than the
lower band limit.

DCV‘Z\\\\ 10omv_1v_1ov 1oov| kv ]| Error Message Sense

The following diagram illustrates the meanings of
Error UL andError OL for relevant bands.

Config . ..
Negative Zero Positive
‘\\\\\\ | RemGu | 9

Error Error  Error Error  Error rror

oL UL UL oL UL oL
The DCV CONFIG menu gives a choice between - Full Range Zero + Full Range
Local or Remote Guard. The selection is then  Band Band Band

applied to all DCV ranges.

When Remote Guari$ not selected, the input- Saved Selections
socket Guard pin is open-circuited, and th%xit from DCV Ranges

internal guards connect to internal Lo (power-uQNhen exiting from a DCV range, by changing
and Reset default). range or by transferring to another function, the

When Remote Guard is made active by pressingeasurement band in the range is saved.
theRemGu soft key, the Lo connection is brokenSubsequent re-entry to that range will re-activate
and the internal guards connect only to the inputhe same band, regardless of selections in other
socket Guard pin. It should be connected to manges or functions.

common-mode pointin the external circuit. WherExit from DCV Eunction

active, a cursor appears on the DCV CONFIQNhen exiting from DCV (by transferring to
menu beneath the RemGu label, andReenG  ,other function) the DCV Range and Guard
annunciator is lit on the main display. selection is saved. Subsequent re-entry to DCV
The RemGu soft key has toggle action. Bywwill re-activate these parameters, regardless of
pressing it when active, Remote Guard iselections in other functions.

deselected. The connection reverts to Local

Guard, the cursor is removed and tRemG  Otherillustrations (including a menu flow chart)
annunciator disappears. are given in Section 3, pages 3-9 to 3-11.
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Functions (contd.)
AC Voltage

Introduction
The 4950 is designed mainly for multifunctionTo verify (but not correct) linearity for all its
calibrators which are calibrated by storingranges, the 10VAC range on many calibrators is
corrections in non-volatile memory. ACV checked at 1kHz/19V. So for this purpose only,
corrections are generally applied at one voltagde 4950 10V range has an extra voltage band at
point on each range: nominal full range, at decad90%, measuring from 18V to 19.5V.

values 1mV, 10mV, 100mV, 1V, 10V, 100V and
1kV. Correcting the full range point brings th
ranges within specification.

Frequency Bands
€ac Voltage calibration is carried out at a series of
frequencies across the spectrum of each range,
The 4950 AC voltage ranges match those of theorrecting the calibrator's frequency response. The
calibrators, but instead of covering the full voltaget950 provides a corresponding set of frequency
span, they each consist of a single band, usuallylznds to measure a calibrator's output withido
nominal full range voltage, and generally extendingf nominal frequencies(5% for 55Hz band, and
t0+10% of nominal full range15% on millivolt  from 270Hz to 440Hz for the 300Hz band), but to
ranges). Forinstance on the 100V range the 495l specification only withirt1% of the frequency
can measure from 90V to 110V. The other si¥~CAL' at which the 4950 was last traceably
ranges conformto a similar pattern. For a majoritgalibrated (Certified Calibration). Refer to the
of calibrators, these are suitable target values. following table:

Allocation of Frequency Bands to Ranges

Range Frequency Band (Hz)
10 | 20 | 30 | 40 | 55%| 300F| 1k'| 10k | 20k | 30k | 50k [100k |200k [300k

1mv* 0| o| 0| o0o| 0-[]«0| 0| O| O~J<O| O/ O
10mv* ol o] o] o] o-Jeo| o] o] oJ-co] O] O
omv+| O | 0| O] 0| 0-Jc0| O] 0| 0-JcO| O] O
1V 0| o| o| o| o-fe0| 0] 0| 0 0| O]/ O
10v 0| o| o| o| o-Jc0| m| 0| O 0| O/ O
100V 0| o| o0o| o0o| o-f]«0| 0| O| O 0] O/ O
1kV O| o] 0| 0| 0=[<cO0| O] O O-fcO-) & | o

Notes: T The 1kHz frequency band is the ACV default for all ranges.
¥ The 55Hz frequency band is extended to cover both 50Hz and 60Hz.
The 300Hz frequency band is extended to cover 400Hz.
For the millivolt ranges, all frequency bands: voltage measurement bands are +15%, not £10%.
For the 1kV range, 50kHz and 100kHz frequency bands; voltage measurement bands are 700V, not 1kV.
10V range; 1kHz frequency band has extra voltage measurement band.
Menu soft key provided to transfer up to next higher frequency band menu.
Menu soft key provided to transfer down to next lower frequency band menu.

tLg*w
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AC Voltage and Frequency Band Menus

ACV Ranges

At most times, the AC Voltage function can beTo choose another range, pré€3V again. The

selected and made active by pressing the frontost-recently selected range is indicated on the

panelACV key. This will open the ACV menu on ACV menu by the cursor. Then, for instance, the

the dot-matrix display: 1V range can be selected by pressind thenenu
key. The most-recently selected frequency band is

indicated by the cursor on the 1V: Hz = menu.
Acy D imV 10mV 100mV 1V 10V 100V | 1kV |

No Voltage Band Menu Requirement

The 1KV range is the default range on power-ud;or ranges other than the 10V range, no voltage

this is shown by the cursor beneath the 1kV Iaberheasurement band menu is implemented.
enerally, only one voltage measurement band

Any range can be selected by pressing the soft I(e ists, but on 1kV range, when the frequencies

under its range label. Each is a menu key, a kHz and 100kHz are selected, the menu title

opens a menu which allows selection from th ,
vzlid frequency bands on that range. changes to '700\{tefer to pages 3-13 and 3-17)

Forinstance; pressing thkV menu key willopen 10VAC Range -

the 1KV range menu: 190% Measurement Band at 1kHz

As mentioned earlier, a second (190%) voltage
measurement band is allocated to the 1kHz
frequency band on the 10V range, to verify a

The 1kHz frequency band is the default for alf:alibrators' range linearity only. Whenever this

ranges on power-up and reset; this is shown by tlig t”(‘)ﬁ'\g?ggﬁ Itsra?]zlfee(;;etc:) ;[Eg 1100\>/_: 1;3 :m(ranner?u
cursor beneath the 1kHz label. Anotherfrequencyu ically ' z u-

band can be selected by pressing its soft key.
= 100% 190% =

Because there are more frequency bands than can

be represented on one menu, several (& maximurRis is avoltage measuremehand menu, giving

of four) menus are used for each voltage rangg.choice between 100% and 190% bands. When
The<—- soft key represents the highest frequencypening, the selection always defaults to the 100%
band on the next lower menu, and+tke softkey  yoltage band. The <-- and --> keys operate as in
represents the lowest frequency band on the negquency band menus: either key exits back to the

higher menu. See the table opposite for theoy: Hz = 300/1k/10k/20k menu, selecting
allocation of frequency bands to menus. 300Hz or 10kHz respectively.

<- 300 1k 10k 20k -> |
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Functions (contd.)

ACV Config Key Error Messages

ACV CONFIG Menu Frequency Band Limits

At mosttimes when in the ACV menu or one of théf a signal is input whose frequency is higher than
ACV range menus, the ACV CONFIG menu carthe upper band-limit, then the messdagyedr HF'

be opened by pressing the front pabehfig key. appears on the main display. Conversely, the
For example: messageError LF' appears for input frequencies

below the lower band-limit.
AcvY ?\il imV 10mV 100mV 1V 10V 100V | 1kv |

\

Voltage Measurement Band Limits
If a signal is input whose voltage is greater than the
Config upper band-limit, then the messageror OL'
Y M [remcu | appears on the main display. Similarly, the
\/\ messagé=rror UL' appears for input voltages less

. i than the lower band-limit.
The ACV CONFIG menu gives a choice between

Local or Remote Guard. The selection is then _
applied to all ACV ranges. Saved Selections

When Remote Guari$ not selected, the input- Exit from ACV Ranges

socket Guard pin is open-circuited, and th&Vhen exiting from an ACV range, by changing
internal guards connect to internal Lo (power-upange or by selecting another function, the
and Reset default). frequency band in the range is saved. Subsequent
-entry will re-activate the same band, regardless
selections in other ranges or functions.

When Remote Guard is made active by pressir{(ﬁ
theRemGu soft key, the Lo connection is broken
and the internal guards connect only to the input- . .
socket Guard pin. It should be connected to 5;(# from '?CV I]functlc;rz:v by t ferring t
common-mode pointin the external circuit. When en exiting from (by transferring to

active, a cursor appears on the ACV CONFIG"anther function) the ACV Range and Guard
menu,beneath the RemGu label. andReeG selection is saved. Subsequent re-entry to ACV
annunciator is lit on the main disp’>Iay will re-activate these parameters, regardless of

selections in other functions.
The RemGu soft key has toggle action. By

pressing it when active, Remote Guard is

deselected. The connection reverts to Local

Guard, the cursor is removed and RemG  Otherillustrations (including a menu flow chart)
annunciator disappears. are given in Section 3, pages 3-12 to 3-19.
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Ohms Ohms Menu

Introduction Ohms Ranges

The 4950 is designed mainly for multifunctionAt most times, the Ohms function can be selected
calibrators which are calibrated by storingand made active by pressing the front p@tehs
resistance values in non-volatile memory. Thé&ey. This will open the OHMS menu on the dot-
corrections to the values are usually applied at twmatrix display:

resistance points on each range: zero and nominal.

Nominal values are in decades:(Q10L0@, 1Kk, m

10k, 100k 1M, 10M and 100M. Correcting thJOhms A L1092 1000 k@ 10kQ 10060 - |
zero and nominal values provides a readout within \

specification.

The 100K range is the default range on power-up;
The 4950 Ohms ranges align to those of manthis is shown by the cursor beneath the ID0Ok
calibrators. They consist of measurement bandslabel. Any range can be selected by pressing the
zero and three other values. Each band covessft key under its range label. Each is a menu key,
+10% of full range either side of a nominal valueand opens a menu which allows selection from the
(except the upper limit of the 190% band: +5%)valid measurement bands on that range.

e.g. onthe 100 range the band limits are: Forinstance; pressing thkQ menu key will open
0% band: Zeroto +1@; 0to +10% FR  the 1K2 range menu:

30% band: 20 to 400; +10% FR
190% band: 180 to 19%). -10%, +5% FR —

There is no 190% band on the 10Qivange. With
this exception, the other seven ranges conform
a similar pattern.

The 0% measurement band is the default for all
fgnges on power-up and reset; this is shown by the
cursor beneath the 0% label. Another band can be

selected by pressing its soft key.
Some calibrators include &Tesistance value; so

the 4950 1@ range has an extra (10%) band@j 1
which measures from @to 1.1Q.

The 4950 will generate an error message on t ohms N WOQ 100Q | 1kQ | 10k 100kQ =

main display if the value of a connected resistanc \/\\
falls outside the limits of the selected band.

To choose another range, pr&tsms again.

The 4950 is normally configured for 4-wire Ohms
measurements, but during calibration, the input
lead may be characterized for two-wire Ohms.
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Functions (contd.)

Ohms Menu (Contd.) Ohms Config Key

Ohms Band Menus OHMS CONFIG Menu

Because there are more bands than can B¢ most times when in the Ohms menu or one of

represented on one menu, two menus are used foe Ohms range menus, the OHMS CONFIG

each Ohms range. The --> soft key in the lownenu can be opened by pressing the front panel
Ohms menu represents the lowest band@]lbh  Config key. For example:

thehigh Ohms menu. Pressing this key transfers

the high Ohms menu: - mm OV To0HE]

< | Ml| 10MQ 100MQ |
. Config
In the high Ohms menu, the<-- soft key represents m Lead# w0 RemGu

the highest band (10@X¥ on the low Ohms menu.

The 1@ range can be selected by pressingthe 4-Wire Ohms
- key then thd 02 menu key (the extra 10% band4—wire Ohms is the default state when first using

also appears on theQQapge_ menu). The most Ohms function after power-on, as indicated by the

recently selected band is indicated by the cursoron_. = . . . .
main display4wQ annunciator being lit when

the range menu. . " . . . .
Ohms is active. This state continues until 2-wire

Ohms is selected in the OHMS CONFIG menu.

i 0% | 10% 30% 100% 190%| 2-Wire Ohms

If the characterized lead serial number has already

When opening a range menu, the most-recentlieen entered, then 2-wire Ohms can be selected by
selectecbandis indicated by the cursor. Whenpressing th@wQ soft key. Unless the Hi and Lo
returning to the OHMS menu by pressing thavires of the correct lead are employed when using

Ohms key, the cursor indicates the most-recentljhe 2-wire Ohms facility, the measurements will
selectedange notbe traceable. Asaconstraintwhen first selecting

2-wire ohms after power on, the characterized lead
serial number must be entered. Otherwis®@2w
cannot be selected and an error message will
appear on the dot-matrix display:

10Q | 100Q 1kQ 10kQ 100kQ = |

| 1032 : 2wQ selection requires lead# |
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Section 4 - Using the 4950

2-Wire Ohms Lead Serial Number

The serial number of the characterized 2-wir§Vhen the correct number has been written in,
Ohms lead is marked on the lead itself. Theressing theEnter soft key registers the serial
number can also be found by pressing the fromumber, and the dot-matrix display reverts to the
panelStatus key, followed by theConfig key. OHMS CONFIG menu. Pressing tQeit soft key
This opens the STATUS CONFIG menu on thealso reverts to the OHMS CONFIG menu, with no
dot-matrix display. Then pressing thead key change.

shows the lead serial number (Refepage 4-3. If an incorrect number was written and entered,

then an error message will appear on the dot-

Lead# 1
. matrix display:
ThelLead# soft key in the OHMS CONFIG menu Py
opens the LEAD SER # = menu. | 1033 : lead serial number incorrect |
To escape, press t@hms key, then theConfig
Lead# 2wQ remcu| key. The 4950 ignores the incorrect serial number
‘\k\\ and permits another attempt.
2wQ Key
: Once the correct lead serial number has been
? Enter Quit |  accepted, it remains so until the 4950 is powered

down orreset. After acceptance, pressing@
Bit key inthe OHMS CONFIG menu will connect
e input for 2-wire Ohms (Hi and Lo wires), a

Then the characterized lead serial number can

entered using the numeric keyboard keys, whic
are_alctlvatgd for th.'ts mr:anu f'teld.' lgelthgrtthe lea ursor will appear beneath the Qiabel, and the
serial number nor its characterized resis af]cec ain display 4wQ annunciator will be
be changed in this presentation. The lead's serl(gl( -

) . > U extinguished.

number is recorded by a specific operation in
Calibration mode, which also measures the series. i 10 4-wire Ohms

resistance of its Hi and Lo wires. When .
subsequently used in 2-wite mode, this series Merely press thewQ soft key again (cursor

. ; esent). The 4950 will connect its input for 4-
lead resistance value is subtracted from the tot\%}

; ire Ohms, the cursor beneath the2label will
measured resistance value to compensate fBéremoved and the main displavQ annunciator
resistance of the lead. '

will reappear.
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Functions (contd.)

Ohms Config Key Error Messages

OHMS CONFIG Menu (Contd.) Measurement Band Limits
If resistance is connected whose value is greater

m than the upper band-limit, then the messaget
ohme m < 1MQ 10MQ[100MQ| | OL'appears on the main display. Conversely, the
\ messagéError UL appears for resistor values less
Config
m Lead# 2wQ | RemGu |

than the lower band limit.
Remote Guard Saved Selections
The OHMS CONFIG menu offers a choiceExit from Ohms Ranges
between Local or Remote Guard. The selection &hen exiting from an Ohms range, by changing
then applied to all Ohms ranges. range or by transferring to another function, the
measurement band in the range is saved.

In Ohms function only, the Lo pin on the input . :
y P P Eubsequent re-entry to that range will re-activate

socket is not connected to the internal analo e same band. reaardless of selections in other
common (as for other functions), but made activ » ey
ranges or functions.

as the Ohms low sense connection. The intern
guard screens and tracks are permanentfxit from Ohms Function

connected to analog common (power-up anwhen exiting from Ohms (by transferring to
Reset default). another function) the Ohms Range, 2/4-\Wirand

Guard selection is saved. Subsequent re-entry to

When Remote Guard is made active by pressi . .
. hms will re-activate these parameters, regardless
the RemGu soft key, the internal guards also . . .
of selections in other functions.

connect_ to the input-socket Guarq pin, forOtheriIIustrations(includingamenurowchart)
connection to a common-mode point in the . . .
external circuit. It should be connected to &€ 9'Ven in Section 3, pages 3-20 to 3-25.
common-mode pointin the external circuit. When
active, a cursor appears on the OHMS CONFIG
menu beneath the RemGu label, andReenG
annunciator is lit on the main display. When
Remote Guards not selected, the input-socket

Guard pin is open-circuited.

The RemGu soft key has toggle action. By
pressing it when active, Remote Guard is
deselected. The connection reverts to Local
Guard, the cursor is removed and fRemG
annunciator disappears.
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DC Current DC Current Menu

Introduction DCI Ranges

The 4950 is designed mainly for multifunctionAt most times, the DC Current function can be
calibrators which are calibrated by storingselected and made active by pressing the front
corrections in non-volatile memory. ThepanelDCI key. This will open the DCI menu on
corrections are applied at two current points othe dot-matrix display:
each range: zero and nominal full range. The

nominal full range points are at decade valu m

+10QUA, +1mA, +10mA,+100mA +1A andt10A. oo §\\ 100pA_1mA 10mA 100ma | 1a | 10 |
Correcting the zero and full range points brings the -

ranges within specification.

The 1A range is the default range on power-up;
The 4950 DC current ranges are the same as thahis is shown by the cursor beneath the 1A label.
of the calibrators, but instead of covering the fulAny range can be selected by pressing the soft key
range spans, they consist of measurement bandsiatler its range label. Each is a menu key, and
zero, positive full range and negative full rangeopens a menu which allows selection from the
Each band coversl0% of the full range value at valid measurement bands on that range.

each of the calibration points. For instance on't
100mA range the 4950 can measure from:

-10mA to +10mA (zero band);
+90mA to +110mA (positive full range band)
and -110mA to -90mA (negative full range

band) The 0% measurement band is the default for all

) - anges on power-up and reset; this is shown by the
The other five ranges conform to a similar pattemr'ursor beneath the 0% label. The 100% band can

For the majority of calibrators, these are alsﬁe selected by pressing its soft key

suitable target values.
The 4950 10A range requires a 10A shunri,ro choose another range, press DCl again. Then,

designated during the most-recent DCI calibratio or instance, the 10mA range can be selected by

Unless that particular shunt is used, the 10A ran essing the 10mA menu key in the.DC_:I menu.
will not be traceable. The 10A range cannot b e most-recently selected band is indicated by
used until the correct shunt serial number has beé € cursor on the range menu.

registered via the DCI CONFIG menu. When returning to the DCI menu, the most-

For the above bands, the 4950 will generate arﬁcently selected range is indicated by the cursor.

error message on the main display if a signal is
applied whose value falls outside the band limits.

hIgor instance; pressing the 1A menu key will open
the 1A range menu:

1A range:
0% 100% |
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Functions (contd.)

DC Current Menu (Contd.) DCI Config Key

DCI 10A Range DCI CONFIG Menu

If the designated shunt serial number has alreadyt most times when in the DCI menu or one of the
been entered, then the 10A range can be selecte@l range menus, the DCI CONFIG menu can be
by pressing thd OA soft key in the DCI menu. opened by pressing the front pa@einfig key.
Unless the correct shunt is employed, th&or example:

measurements will notbe traceable. Asaconstraj

when first selecting the 10A range after power OVE, N\I %mmxx Tooma | 1A | 104 ]
the designated shunt serial number must be ente 86 \/\

via the DCI CONFIG or AClI CONFIG menu. \

Otherwise 10A cannot be selected and an err(onfig
message will appear on the dot-matrix display: m |shuntz | RemGu

| 1028 : 10A selection requires shunt # |

Shunt#
10A Shunt Serial Number TheShunt# soft key in this menu opens the 10A
The serial number of the designated 10A shunt SBHUNT SER # = menu.
marked on the shuntitself. The number can also be
found by pressing the front pangtatus key, @
followed by theConfig key. This opens the ? Enter Quit |
STATUS CONFIG menu on the dot-matrix
display (overleaf). Then pressing the s8ifiunt  Then the designated shunt serial number can be
key shows the shunt serial number (Refgrage entered using the numeric keyboard keys, which
4-5). are activated for this menu field. The shunt serial
number cannot be changed in this presentation. It
can only be altered during a specific operation
when in Calibration mode.

When the correct number has been written in,
pressing theEnter soft key registers the serial
number, and the dot-matrix display reverts to the
DCI CONFIG menu. Pressing tiquit soft key
also reverts to the DCI CONFIG menu, with no
change.
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Local/Remote Guard
If an incorrect number was written and enteredThe DCI CONFIG menu gives a choice between
then an error message will appear on the dot-ocal or Remote Guard. The selection is then
matrix display: applied to all DCI ranges.

| 1027 : shunt serial number incorrect |
Shunt# |RemGu |

To escape, press tBe| key then th&€onfig key.
The 4950 ignores the incorrect serial number an/hen Remote Guari$ not selected, the input-

permits another attempt. socket Guard pin is open-circuited, and the
internal guards connect to internal Lo (power-up
DCI 10A Key and Reset default).

Once the F:orrect_ shunt se_rial numbe_r has be§Qnen Remote Guard is made active by pressing
accepted, it remains so until the 4950 is powergfieRemGu soft key, the Lo connection is broken
downorreset. Afteracceptance, pressind@#®  5nq the internal guards connect only to the input-
soft key in the DCI menu will open the 10A rangesocket Guard pin. It should be connected to a
menu. common-mode point in the external circuit. When
active, acursor appears on the DCI CONFIG menu
beneath the RemGu label, and tRemG
annunciator is lit on the main display.

The RemGu soft key has toggle action. By
pressing it when active, Remote Guard is
deselected. The connection reverts to Local
Guard, the cursor is removed and tRemG
annunciator disappears.
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Functions (contd.)

Error Messages AC Current

Measurement Band Limits Introduction

If a signal is input whose value is greater than th€he 4950 is designed mainly for multifunction
upper band limit, then the messaderbr calibrators which are calibrated by storing
OL'appears on the main display. Coversely, theorrections in non-volatile memory. The
messagécrror UL' appears for inputs less than thecorrections are applied at a single current point on
lower band limit. each range: nominal full range. The nominal full
Error Message Sense range points are at decade valuespZQQaLmA,

The following diagram illustrates the meanings 0110mA, 190mAz 1A and 10A. Cc_)rr_ecting Fhe fl.J”
Error UL andError OL for relevant bands. range points brings the ranges within specification.

The 4950 AC current ranges match those of the

Negative Zero Positive ) . .
» calibrators, but instead of covering the full range
Error Error  Error Error  Error Error . .
oL UL UL oL UL oL spans, they consist of a single measurement band:
0,
- Full Range _— + Full Range full range. '!'he band covet$0% of the full range
Band Band Band value. For instance on the 100mA range the 4950
can measure from:
Saved Selections 90mA to 110mA RMS
Exit from DCI Ranges The other five ranges conform to a similar pattern.

When exiting from a DCI range, by changingmor the majority of calibrators, these are also
range or by transferring to another function, th&uitable target values.

measurement band in the range is saved.

Subsequent re-entry to that range will re-activaterequency Bands

the same band, regardless of selections in othBecause ACI is defined in frequency as well as
ranges or functions. currentvalue, an extra layer of menus is needed for

. . selection.
Exit from DCI Function

When exiting from DCI (by transferring to another
function) the DCI Range and Guard selection is
saved. Subsequentre-entry to DCl will re-activate
these parameters, regardless of selections in other
functions.

Other illustrations (including a menu flow chart)

are given in Section 3, pages 3-26 to 3-31.
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Frequency Bands Frequency Band Selection
AC Current calibration is carried out at a series dflost frequency bands are available on every AC
frequencies across the spectrum of each randgeurrent range, but not all. The table shows the
correcting the calibrator's frequency response. Thatlocation of frequency bands to ranges; only the
4950 provides a corresponding set of frequencstarred combinations are available.
bands to measure a calibrator's output withiodo .
of nominal frequencie(5% for 55Hz band and The 4950 .1OA range requires an external 10A
from 270Hz to 440Hz for the 300Hz band), but toshgnt, Qe3|gnated during .the most-rgcent ACI
full specification only within:1% of the frequency callbrat|on._ Unless that particular shuntis used, the
'ECAL’ at which the 4950 was last traceabl OArange is not traceable. The 10_A range cannot
calibrated (Certified Calibration). Other than thie used unti the correct shunt serial number has
20kHz band (10Arange only), all bands are prese Fen entered via the ACI or DCI CONFIG menu.
on each range. Refer to the table below. Forthe above bands, the 4950 will generate an error
message on the main display if a signal is applied
whose value falls outside the band limits.

Allocation of Frequency Bands to Ranges

Range Frequency Band (Hz)

10 | 20 | 30 | 40 |558|300*8 1k | 5k | 10k | 20k | 30k
100pA | | | 0 O-]< O 0 | O-[< O |
1mA | | | 0 O-]< O 0 | O-[< O |
10mA | | | 0 O-)« O 0 | O-[« O |
100mA | | | 0 O-)< O 0 | O~ 0 |
1AT 0 0 0 0 0~ 0O 0 ] 0~/ 0O 0
10A ¥ ol ol ol o] oolco| o] ol o] o ‘

Notes:

t 1Ais the ACI default range.
¢ The 300Hz frequency band is the ACI default for all ranges.
§ The 55Hz frequency band is extended to cover both 50Hz and 60Hz.

The 300Hz frequency band is extended to cover 400Hz.
- Menu soft key provided to transfer up to the high frequency band menu.
Menu soft key provided to transfer down to the low frequency band menu.
Selection of ACI 10A range requires the correct shunt serial number to have
been entered in the SHUNT# menu.

o1
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Functions (contd.)

AC Current Menu (Contd.)

ACI Ranges

At most times, the AC Current function can belTo choose another range, préssl again. The

selected and made active by pressing the frontost-recently selected range is indicated on the

panelACI key. This will open the ACI menu on ACI menu by the cursor. Then, for instance, the

the dot-matrix display: 10mArange can be selected by pressing@ineA
menu key in the ACI menu.

ACl \Q\/\ 100pA 1mA 10mA 100mA [ 1A ] 10A | The most-recently selectefdequency bands

indicated by the cursor on the range menu.

The 1A range is the default range on power-upVhen returning to the ACI menu, the most-
this is shown by the cursor beneath the 1A labelecently selecterhngeis indicated by the cursor.
Any range can be selected by pressing the soft key

under its range label. Each range key is a merACI 10A Range

key, but there are no ACI measurement bani the designated shunt serial number has already
menus, as only one band exists on each rand®en entered, then the 10A range can be selected
Instead, each range key opens a menu for selectiboy pressing thd 0A soft key in the ACI menu.
from the valid frequency bands on that range. Unless the correct shunt is employed, the
measurements will not be traceable. As a constraint,
when first selecting the 10A range after power on,
the designated shunt serial number must be entered
via the ACI CONFIG or DCI CONFIG menu.
Otherwise 10A cannot be selected and an error
The 300Hz frequency band is the default for almessage will appear on the dot-matrix display:
ranges on power-up and reset; this is shown by the
cursor beneath the 300 label. Other frequency | 1028 10A selection requires shunt# |

bands can be selected by pressing their soft keys. .
10A Shunt Serial Number

Because there are more frequency bands than cafe serial number of the designated 10A shunt is
be represented on one menu, two menus are Usgdrked on the shunt tself. The number can also be
for each current_range. The <-- soft key.re_presenltgund by pressing the front panBtatus key,

the 55Hz band in the LF band menu, giving:  sjiowed by theConfig key. This opens the
STATUS CONFIG menu on the dot-matrix
display (overleaf). Then pressing the ssifiunt

key shows the shunt serial number (Refgrage

4-5),

For instance; pressing thé& menu key will open
the 1A: Hz = menu:

<- | 300 [ 1k 5k 10k |

10 20 30 40 | 55 | --> |
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ACI Config Key

ACI CONFIG Menu

At most times when in the ACI menu or one of th&Vhen the correct number has been written in,
ACI range menus, the ACI CONFIG menu can beressing theEnter soft key registers the serial
opened by pressing the front pa@elnfig key. number, and the dot-matrix display reverts to the
For example: ACI CONFIG menu. Pressing tiguit soft key

also reverts to the AClI CONFIG menu, with no
ACH ‘\k\\ 100pA 1mA 10mA 100mA [IA T 10A | change.

If an incorrect number was written and entered,

then an error message will appear on the dot-

Config matrix display:
‘\\\\\\ [Shunt# | RemGu |

| 1027 : shunt serial number incorrect |

Shunt# o To escape, press tA€I key, then th€onfig key.
The Shunt# soft key in this menu opens the 10AThe 4950 ignores the incorrect serial number and
SHUNT SER # = menu. permits another attempt.

m Enter Quit | ACI 10A Key

Once the correct shunt serial number has been
Then the designated shunt serial number can B&cepted, it remains so until the 4950 is powered
entered using the numeric keyboard keys, whicown or reset. After acceptance, pressing.@#e

are activated for this menu field. The shunt serigoft key in the ACI menu will open the 10A range
number cannot be changed in this presentation. Mmeénu.

can only be altered during a specific operation

when in Calibration mode.
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Functions (contd.)
ACI Config Key (Contd.) Error Messages

Local/Remote Guard Current Measurement Band Limits

The ACI CONFIG menu gives a choice betweefif a signal is input whose AC current value is

Local or Remote Guard. The selection is thegreater than the upper measurement band-limit,

applied to all ACI ranges. then the messagError OL'appears on the main
display. Conversely, the messagaror UL'

appears for inputs less than the lower band-limit.
Shunt# |RemGu |

If a signal is input whose frequency is higher than
he upper frequency band-limit, then the message
rror HF'appears on the main display.
onversely, the messadérror LF' appears for

input frequencies below the lower band-limit.
When Remote Guard is made active by pressing

theRemGu soft key, the Lo connection is broken

and the internal guards connect only to the inpus gyed Selections

socket Guard pin. It should be connected to a

common-mode pointin the external circuit. WherFXit from ACI Ranges _
active, a cursor appears on the ACI CONFIG menfYhen exiting from a ACI range, by changing

beneath the RemGu label, and tRemG range or by transferring to another function, the
annunciator is lit on the main display. frgeuency band in the range is saved. Subsequent

re-entry to that range will re-activate the same

The RemGu soft key has toggle action. Byyanq regardless of selections in other ranges or
pressing it when active, Remote Guard i$unctions.

deselected. The connection reverts to Local

Guard, the cursor is removed and RemG  EXit from ACI Function .
annunciator disappears. When exiting from ACI (by transferring to another

function) the ACI Range and Guard selection is
saved. Subsequentre-entry to ACl will re-activate
these parameters, regardless of selections in other
functions.

When Remote Guari$ not selected, the input-
socket Guard pin is open-circuited, and th
internal guards connect to internal Lo (power—u%
and Reset default).

Other illustrations (including a menu flow chart)
are given in Section 3, pages 3-32 to 3-38.
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Measurement Parameters

Mode Key and Menu ‘
The front paneMode key gives access to a menu which permits |, A, [ EESEEA toAce [Hince |/ [ETIBINVIA
Accuracy and Band Limits parameters to be altered: \/\

Accuracy Mode Band Limit

Introduction Low Accuracy Mode Introduction

The 4950 has two levels of accuracy: highThe low accuracy mode increases th&he high levels of accuracy of the 4950
and low, each with its own specification. operating speed by using fewer internabre specified for measurements (Voltage,
Switching between the two is achievedsamples. The mean presented on th€urrent, Resistance, Frequency, etc.)
using the front pandVlode key. display will be of greater uncertainty thanmade within the limits of narrow bands
High Accuracy Mode in high accuracy mode_, but this mode ¢ rIQarou_nc&‘10% offullrange), qboutcertain.
High accuracy measurement mode offer§peed mechanical adjustments. nominal' points. These points are set, in

the fullinstrument specification, with high Accuracy Mode Selections firmware, to cq|nC|de W'Fh output Ieyels
r](and frequencies) required to calibrate

resolution (see the table below). WherHigh accuracy is the default mode ¢ calib
makingmechanicabhdjustments to a unit power-up; this is shown by the curs ;common types of calibrators.
under test, however, processing the fewebneneath the HiAcc label. Low accuracyAt times it may be necessary to measure
internal samples required inlow accuracycan be selected by pressing the soft kegutside the set band limits, and so a facility
mode may be more convenient.underthe LoAcclabel. Each key operatefas been incorporated to turn them off:
Ultimately, though, High Accuracy mode immediately, cancelling the present .

. . X ) L AND LMT: On
will be required for final adjustments to measurement, switching to the select

. - " . €% hisisthe default state. The measurement
obtain full traceability. mode and waiting for the next trigger.

capability is confined to set band limits,

Exit from the menu by pressing any otherdescribed for each Function earlier in this
hard menu key. The table below showsection. Measurements made outside
the specific effects on the instrument'shese limits will show an error message.

functions and ranges. The specifications in Section 6 apply to

Funct. Range Sample Size Resolution Im,easurememsl in these bands, made in
(internal readings) (digits) High Accuracy' mode.
Low Acc. | High Acc. | Low Acc. | High Acc. BAND LMT: Off

DCV 100mV 4 128 6.5 75 This should be used with extreme caution.

1V-1000V 4 64 6.5 75 The 4950 will measure outside its band

ACY Y 1 8 45 55 limits without showing an error message.
10mV-1000V 1 8 55 6.5
Ohms 10Q 4 128 6.5 75
100Q - 1IMQ 4 64 6.5 75
10MQ & 100MQ 4 128 6.5 75
DCI 100pA-10A 1 32 55 6.5
ACI 100pA-10A 1 8 55 6.5
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Measurement Definition (contd)

Measurement Parameters (Contd.)

Certified and Baseline Corrections

Introduction Certified Corrections
In one role, the measurement transfer involve€ertified corrections are those which have
checking a calibrator twice against a 4950 whosecently been updated to provide the traceability to
accuracy is governed by corrections stored at itslub' standards. The selection, indicated by the
baseline (initial) calibration. It also involvescursor beneath th@n label, applies the certified
calibrating the calibrator by the same 4950 whoseorrections to subsequent measurements.
accuracy was determined atits most recent certified
(traceable) calibration. Baseline Corrections

When the cursor is beneath tléf label, the

In an aIterna}tlve ‘role,. the .4950 S driftis measureg seline corrections, obtained at manufacture, are
against the 'Hub' calibration standard before a plied to measurements

after its journey around the calibration loop. For

this purpose the baseline corrections are applieBower-on Default

When calibrating remote calibrators the certifiedrlhe power-on default i©n. The required
corrections are applied. corrections are selected by pressing the soft key

der th iate label.
Switching between certified and baselineun erihe appropriate fabe

corrections is achieved using the front padeit ~ EXxit from the menu by pressing any other hard
key. menu key.

Cert Key and Menu Calibration Mode
The corrections are changed by pressing the frofth entry to calibration mode the ‘on’ state is

panel Cert key, opening the CERTIFIED enforced for normal calibration. Exit from cal
CORRNS menu: mode will not modify the last-selected state. While

in cal mode the front pan€krt key is de-activated.
CERTIFIED CORRNS:
Cert ?\il off [ on | |
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Measurement Results

Type of Measurement, Quality and Frequency

Type of Measurement

Main Display

Internal Samples Legends and Annunciators

For each measurement a number of individuathe main display also has legends to indicate the
readings is taken in an internal sample. Thgype of quantity being measured, and annunciators
sample sizehas been optimized for the selectéd remind users of the current status conditions.
function/range/accuracy combination, and so i$hese are:

not user-selectable. The value presented on the

Main (left-hand) display is the calculated arithmetic

mean of the sample. For samples containing only

one reading, the value of that reading is taken as the RemG
mean (refer to the table ¢tage 4-25.

Measurement Bands and Frequency Bands Ext
The measurement results which appear on the
main display are constrained to ‘measurement gpc|
bands' within the ranges of the selected functions.

For ACV and ACI functions, the results are also

constrained to bands of frequency. SRQ

Error Messages on the Main Display

If a signal is applied whose value falls outside

measurement or frequency band limits, an error

message will appear on the main display:
Measurement Bands: Error OL; Error UL.
Frequency Bands: Error HF; Error LF.

Rem

References

Measurement and frequency bands, together wit
their distribution, limits and error messages, are
described earlier in this section under the main
heading of '"Measurement Definition - Functions', Cal
from page 4-8o page 4-24.

h Busy

4-wire Ohms connection has
been selected and is active.

Remote Guard connection has
been selected and is active.

Triggers from an external source
are required.

Baseline Calibration is selected
and active (Manufacturer only).

The SRQ bit has been setthis
instrument for any reason
governed by the status reporting
system, including the front panel
SRQ key.

The instrument is operating
under remote control via the
IEEE 488 interface.

A lengthy internal process is
under way. Any key-press will
abort this process.

Calibration mode is selected and
active.
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Measurement Quality

Monitor Key Availability of Results

The Measurement Quality of the most-recenthyfhe result of each successive calculation is stored,
completed sample of readings can be obtained loyerwriting the result from the previous sample,
first pressing the front panilonitor key, thenthe and remaining in store until overwritten by the
softQual key in the MONITOR menu.. Thiswill resultfromthe nextsample. The store contents are
open the QUALITY menu on the dot-matrix read onto the QUALITY display (whenever it is
display: selected), which also changes as the store is updated.

Quality Measurement Unavailable
Monitor \/\ Temp Freq C'Date Time [Qual |  The wordNOT AVAILABLE willappear in place

of the result on the QUALITY display; under the

following conditions:
FR Rdg Abs | + Themeasured value of the signal is not within

Thi . hoi f units. To obtain th the measurement band limit&rror OL or
IS menu gives a choice of units. To obtain the g0 | will also appear on the Main display.

Quality in terms of:

e ACV, DCl or ACl only :
The 4950 is in low accuracy mode with ACV,
DClor AClfunction selected, (only one reading
per sample). In these cases the quality value
Pressing either of the three soft keys presents the would be meaningless, and so the Main display
QUALITY display. The quality figure (SIGMA) remains blank.
is produced by calculating the standard error of the ACV and ACI only:
mean of the sample of internal readings:

ppm of nominal full range: presR;
ppm of the reading: pres¥g;
values of the selected function: prégss.

The measureflequencyesultis not within the

frequencyband limits. Error HF or Error LF
mS'GMA = XXXXXXXX _ SAMPLE = XXX | will also appear on the Main display.

Power On and Reset Conditions
The units appended to the figures followingAs all previous results are cleared at Power On and
'SIGMA ='reflect the choice made in the previousReset, a quality result cannot exist until the first
QUALITY menu. measurement sample has been completed. Until a
The figures following 'SAMPLE =' give the result is available, 'NOT AVAILABLE' is shown

number of internal readings which comprise th@" the QUALITY display.
most-recently completed measurement sample.
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Signal Frequency (ACV & ACI only)

Monitor Key Frequency Measurement Unavailable

The 4950 measures the frequency of the input fathe wordNOT AVAILABLE will appear in place
each sample (ACV and ACl only). A readout carof the frequency result; under the following
be obtained by first pressing the front panetonditions:

Monitor key; then pressing the s&fteq key in the
MONITOR menu. The result will appear on the

SIGNAL FREQUENCY display on completion of
the next measurement sample: » Thefrequencyesultis notwithin thequency

band limits. Error HF or Error LF will also

appear on the Main display.
‘j\k\ Temp [Freq [C'Date Time Qual |

Monitor \ y e Themeasuredalue of the signal is not within
- the measuremenband limits. Error OL or

SIGNAL FREQUENCY: Error UL will also appear on the Main display.
XXXXXXXX |

] o ] Power On and Reset Conditions
The signal frequency is given in Hz. As all previous results are cleared at Power On and
If the 4950 is not in either ACV or ACI, the Reset, a signal frequency result cannot exist until
following error message will be given in place ofthe first measurement sample has been completed.
the frequency result: Until a result is available, 'NOT AVAILABLE' is
shown on the SIGNAL FREQUENCY display.

The frequency measurement does not produce
a displayable result.

| 1008 Must be in AC function |

Availability of Results

Each result is stored, overwriting the result from
the previous sample, and remaining in store until
overwritten by the result from the next sample.

On completion of each measurement sample, the
store contents will be read onto the SIGNAL
FREQUENCY display, which also changes as the
store is updated.
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Selftest Operations
Display Test — Keyboard Test — Confidence Test

Test' Key Keyboard Test — 'Key' soft key

All selftest programs are initiated from within theThe Key soft key presents th&EYBOARD
TEST menu, which is opened by pressing the frorREST menu.
panelTest key. An overview of all the test menus

is given orPage 4-32
Key # XX :SXX Xxx_|
Y Conf Disp Key |
= \/\ All keys other than the Test key can be tested by

pressing. For each key pressed, the 'Key #' is
followed by the key's hexadecimal matrix positon,

. —c then after a colon an 'S' is followed by the key's
Display Test — 'Disp’ soft key switch ident number. The name of the key is given
A reminder menu appears first, noting the actionsn the right of the display.

of the front panel keys:

| ANYKEY :CONTINUE  TESTKEY : EXIT |

Exit

During 'Disp' or 'Key' checks, pressing thest
Repeatedly pressing any kether than the 'Test' key terminates the sequenceand incidentally
key increments both displays through a sequen&ecks th&est key).

of 'walking strobes', which allow a user to inspect

individual segments and complete blocks.

Confidence Test — 'Conf' soft key

Introduction

This is an automatic sequence of internaThe automatic sequence begins, and a message
performance tests, presenting a continuing progreappears on the dot-matrix display:

report on the dot-matrix display, until either the
test is completed or is halted by an unsuccessful | CIONAIDIENEIE TEST RUNNINE |
result.

. _ Asthe confidence test proceeds, a short description
Starting the Confidence Test of each test is presented on the TEST display:
N.B. Forthe confidence test the input connector

must be removed.
Description of test |

The confidence test is started by pressing the soft
Conf soft key in the TEST menu: The description changes as the sequence moves

from one test to the next.
| Conf | Disp Key |
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Confidence Test (Contd.)

Unsuccessful Test

Ifthe results of a test fall outside internally-imposedhe qualifying message will result from a check of
limits, the sequence halts. The dot-matrix displashe 4950 status to determine whether any of the
describes the unsuccessful test, and a soft keyfidlowing conditions apply:

nominated for continuance: e Istheinstrument still within its 6 hour warm up
period?
m » Istheinternal temperature outsitB#C of that
Description of test gont_| at certified calibration?

Has 30 days expired since the most-recent

Eachtestfailure hasits own four-digit code number, o A
certified calibration?

beginning with the figure '2', which replaces the
word TEST as the menu title. A list of codes idfany of these conditions apply, then an appropriate
given in Appendix A at the end of this section. comment is displayed, together with the relevant

After noting the code, pressing t@ent soft key code number.

will re-start the confidence test from the point inRefer toSection 4, Appendix A.

the sequence at which it halted. Whenever atestis

unsuccessful, a report is given, and then the teSpnfidence Test Completion

can be continued by pressing Bent key. When the Confidence test has finally run to its
N.B. conclusion, whether or not it was all successful,

When the test of any of the following parameteréhe following message will appear on the dot-

is unsuccessful, the relevant code may b@atnx display:
accompanied by a further qualification: | CONFIDENCE TEST COMPLETED |
a. Main Reference drift,

b. A-D Positive+16 reference drift, Press any main function key to escape.
c. A-D Negative+16 reference drift, or
d. Reference Ratio drift
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Selftest Operations (Contd.)

Test Menus

Movement among the TEST group of menus is described by the following diagram:

L

Test
TEST
Conf
Disp e g ANY KEY : CONTINUE TEST KEY : EXIT
Key Main Display
Walking Segments &
Walking Blocks
—>> TEST: Dot-matrix Display
(When Starfing) ||||||||||||||||||||||||||||||]
'‘CONFIDENCE TEST
RUNNING'
(e e To exit from Display Test or Keyboard Test,
- Current Test Press the Test key.
Description
(If test unsuccessful):
(When finished): KEYOARDTEST
'CONFIDENCE TEST KEY # XX : SXX  Key Name
COMPLETED"

2XXX: <

Unsuccessful
Test
Description

Cont
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Direct Action Keys
Reset - Ext' Trig - Sample - Local - SRQ - Caltrig - Zero

Reset Sample Zero

The Reset key provides a quick means of restorinthe Sample key triggers a single-shot measuremenhis triggers an Input Zero operation whenin Local
the 4950 to the default states. These are shownwhen in External Trigger mode. Control, only in the following functions:

Page 3-6 Busy Annunciator DC Voltage; DC Current; Ohms

Some settings associated with remote operation gtfring externally-triggered measurements, thehe zero operation is similar to calibration
not affected by the Reset key. To minimizegysy annunciator in the main display is lit. This ispperations, in that a separate input zero store is held
inadvertent operation, Reset needs to be confirmeght used when in internal trigger mode for normaj, non-volétile RAM for the Zero band of each
by a second key-press. This is done using a mefeasurements. Range in the above functions. It provides a zero

on the dot-matrix display: During selftest, input zero, or any calibrationcorrection which does not need updating when the

m operation, the Busy annunciator is lit irrespectivénstrument is powered on.

Reset N\ Yes No | of trigger source. Before pressing the Zero key, all wires of the input
N lead must be shorted together at the 4mm plug end.

Yes confirms the action, and the 4950 is resetLocal New correction data overwrites previous data

No cancels the reset action. The instrumenthe Local key returns the 4950 to front pane‘?llready in the store.

returns to the state which was active beforeontrol when operating on the IEEE 488 bus

the Reset key was pressed. provided that it is not disabled by the local Iockou{\IO Zero Operation in C_alibration Modes
facility (IEEE 488.1 subset RL1). The Input Zero operation cannot be performed

. Refer toSection 5, Page 5-2 when either calibration mode is enabled. In fact a
Exttrig g zero band calibration clears the Input Zero correction
The Ext'trig key disables the internal triggers an%RQ store for that range, as it stores new zero correction
enables the following external trigger sources: data in the zero band calibration memory.

The SRQ key is a request for service from the
. . controller when operating on the IEEE 488 bus
 Remote IEEE 488.1 triggeBET" . A S

. Remote IEEE 488.2 triggeiTRG" Zitélgtgst?;liRF%g;;t(:rlt 6) in the Standard-defined
External trigger mode is the default at power-onRefer toSection 5, Page 5-25
with the Ext annunciator lit on the main display.

External trigger mode can be cancelled by a secoggl|trigy

press on the Ext'trig key. Internal triggers are o o
enabled and the annunciator is turned off. This triggers a calibration event when Calibration

mode is enabled in Local Control.
Refer toPages 4-36 to 4-38

e Front panelSample' key;
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Calibration Operations

Important

The descriptions in the following pages are intended only as a guide to the operations available
to calibrate the instrument. They contain neither examples nor calibration routines, and should
NOT be used directly as a basis for calibrating any part of the instrument. Some of the
commands, if used unwisely, will obliterate an expensive calibration or recalibration.

For a guide to calibration routines refer toSection 8

Use of Control Software

Itis likely that the majority of users will employ the suite of control software supplied with the 4950. This
allows an operator to drive the various specialized comparison and calibration tasks of the system without
the need to program individual commands and queries. Re$ectmn 1 Pages 1-6/7

Operating instructions for the Control Software are given in documentation which accompanies the
software package. The following information is provided for users whose requirements are not met by the
suite of programs, and who need to use front panel control. Refer to the Caution at the top of this page.

General Outline of Calibration Operations
The calibration process generally conforms to a set sequence of operation:

1. The rear-panel switch must be setto ENABLE3. Other operations can be carried out, such as
then calibration is enabled by pressing the Cal setting the calendar/clock or recording further
key (this may need further parameters to be details of the calibration.
specified). An optional parameter is available
for use when the calibration is to be performed. When calibration is complete, calibration is
at a non-nominal value. finally exited, then disabled by setting the rear

panel switch to DISABLE.

2. With the appropriate analog input applied, the
calibration operation is triggered for the pre- Continued overleaf
selected function, range, measurement band
(and frequency band when in AC functions).

The relevant corrections are calculated and
stored in non-volatile memory.

Subsequently, in normal use; gain calibrations
(and flatness calibrations for AC functions) are
applied to correct the pre-selected function,
range, measurement band and frequency band.
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CAL Group of Menus - Overall View

Page 4-36 Triggers routine calibration of the
Caltrig currently-selected function, range and
W_ ______ I— —> »- measurement band (and frequency
band for AC functions); at the nominal
Rear Panel | — calibration point.
CALIBRATION switch I
to 'ENABLE' (- )
J_ Config
Cal Legend Lit — > @
Set — Shunt# SHU
Page 4-37 Freq Lead# LEAD SER # XXXXXXXXXXXX
-
DATE/TIME Date Page 4-39 XXXXXXXXXKKX Enter ¥
yyyy:mm:dd hh:mm Amb Page 4-37 Enter 1 Quit t
] -
Enter Lead B SETVALUE | Quit Numeri |
Quit U Spcl B EXXX..... . EEXX : Keyboard
Exit Numeric N
Numeric Page 4-96 Ent(-er 0 4Keyb0ardp E\\ L,\
Keyboard age 4- Quit E\*\ >
E\*\ Numeric N _
N Keyboard Caltrig
N e = SET VALUET S
\ N £XXX...... E£XX
Special Calibration is the menu CALIBRATING LEAD Page 4.37
name for Baseline Calibration, RESISTANCE - Routine Calibrati i
which is intended to be used only @ riggers Routine Lalibration ot the

> XXX, E+XX currently-selected function, range and
measurement band (and frequency
band for AC); at the voltage calibration
point defined by the SET value. T

during manufacture and after a
major componentchange. Access LEAD CALIBRATION Enter
is via a passnumber which is not COMPLETE t : 0
generally made available. The Page 4-38 Quit
Spcl soft key should not be used.

Tk Numeric
If Spcl is inadvertently selected, | Keyboard Caltrig
use hln the PASS # menu to B\ SETFREQ | NN
revert to the CAL menu. \ Y
- +XXX...... E+XX
NOMINAL CAL
UPDATE CAL DATE/ AMBIENT (CERT) Triggers Routine Calibration of
TEMP ON EXIT? N Frequency at a point defined by the SET
Cal date and Cal temp Yes 20°C t value.
automatically updated N 23°C t
° Page 4-38
Page 4-40

[0 = Reverts to CAL menu.
1 = Reverts to CAL CONFIG menu.

RECORDING TEMPERATURE
AND REFERENCE VALUES

CALIBRATION MODE
TERMINATED t

Cal Legend Off

Tt = Escape via any front panel menu key.
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Calibration Menus

Front Panel Cal Key CAL Menu

The Cal key on the front panel causes@#.  Pressing the Cal key opens the CAL menu. The
menu to be displayed in the dot matrix display, sanain group of calibration menus is available.
long as the instrument is not already in Cal mode.

This menu provides access to the calibratior “® y
menus, also permitting some other non-volatil E\i\) Set Freg Date Amb Lead Spel Exi |
A

memory data to be accessed and changed.

Important :
CAL Group of Menus In this and other calibration menus @altrig key
A description of the User Interface is given inis enabled, and when pressed alters the calibration
Section Jor the main functions. memory. To reduce the possibility of

If you are unfamiliar with the front panel controls, ina@dvertently obliterating the previous
you should complete the quick tourSection 3  calibration, the menu should be used only during a

) ) genuine recalibration. Refer 8ection 8
To give an overall view, movement among the

CAL group of menus is described by the diagranf-al Trigger o _ _
onpage 4-35 Once the 'Cal' legend is lit, the major function hard

keys can be selected and the various ranges/bands
Access Conditions calibrated at nominal points, using tialtrig

Rear panel switch S2 provides access to the CA@irect action key.
menu, and to the non-volatile calibration memory.SET Cal Trigger

S2 must be set teNABLE' for calibration. If the values are not exactly at the cardinal points,
thenSetin theCAL menu can be used to inform the
S2 instrument of the exact value.
ENABLE DISABLE Note: Do not attempt to enter the special

calibration mode. The SPCL soft key
|_ |W_I | is for service use only:

Special Calibration is the menu name Jbr
CALIBRATION Baseline Calibration, which is intended to e
used only during manufacture and aftera m@or
S2 is recessed to avoid inadvertent operation. 4 componentchange. Accessis viaapassnuiber

paper seal can be placed over the switch to prote| Which is not made available generally. The
calibration. Spcl soft key should not be used.

If Spcl is inadvertently selected, usguit in
the PASS # menu to revert to the CAL mefu.
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CAL Menu Description

The CAL menu defines sirenwkeys, all of which
arenot selectedt Power On. They are described
below.:

Set  Opens th&ET VALUE menu. This shows Quit aborts the attempt to reset the frequency
the nominal value, and the numeric and transfers back to the CAL menu. The
keyboard is activated: new frequency is destroyed.

(Nominal Value) L Enter [ qut | Date Opensthe DATE/TIME menu. This shows

. L the present date in the following form:
A particular calibration source value can be entered

as target value for non-nominal calibration, using
the numeric keyboard_ yyyy : mm:dd hh:mm Enter  Quit ‘

Enter writesthe newtarget value into non-volatildaving the meanings:
RAM, and generates a new SET VALUE yyyy
display. Pressing the Caltrig key performs  yym
the 'SET' calibration. After calibration has dd
completed, the display persists untilafront  hh
panel menu key is pressed. mm

Quit aborts the attempt to reset the target valuhe date and time can be changed in this menu.
and transfers back to the CAL menu. Thd he initial display is a reminder of the required
newly-written value is destroyed. format. By pressing the numeric keyboard keys,

the present date and time can be writtenin the same

Freq Opens theSET FREQ menu. This shows format, overwriting the display from left to right

the nominal frequency, and the numeridvith successive keystrokes (the colons are
keyboard is activated: permanent and ignored. Errors can be corrected

using the backspace key.

(Nominal Frequency) \Emer\ Quit \ Enter causes the internal calendar/clock to be

A particular calibration source frequency can be reset to the date/time just written.
entered as target value for frequency calibratiomyuit  aborts the attempt to reset the calendar/
using the numeric keyboard. clock, which continues uninterrupted

Enter writes the new frequency into non-volatile running.
RAM, and generates a new SET FREQBothEnter andQuit transfer back to theAL menu.
display. Pressing the Caltrig key performs
the calibration. The display persists until a
front panel menu key is pressed.

4-character year

2-character month
2-character day

2-character hour (24 hr clock)
2-character minute
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CAL Menu Description (Contd.)

Amb Opens the NOMINAL CAL AMBIENT While the lead is being calibrated, the following

(CERT) menu: message appears on the dot-matrix display.
NOMINAL CAL AMBIENT (CERT)
20°C | 23°C

This menu permits a user to select the externdyhen the lead calibration has been completed, the
ambient temperature which prevailed at the timéllowing message appears on the dot-matrix
that the certified calibration was performed. It iglisplay.

assumed that temperature control was being used,
but otherwise the figure closest to the actual
temperature should be chosen. Escape by pressing any front panel menu key.

Subsequently, in normal use, it is possible to o .
access the CERT AMB figure by selectiignp ~ Subsequently, when measuring in 2-wire Ohms
in the MONITOR menu, therntl in the mode only, the stored value is subtracted from the

TEMPERATURE menu. This opens themeasuredvaluetocompensate for the resistance of
INTERNAL TEMP menu (refer tpage 4-§. the leads.

It is possible to access the characterized lead
Lead This key is used to calibrate the input cablgesjstance value by entering the STATUS CONFIG
assembly for use in 2-wire Ohms mode. Tonenu, and selectingead. The resulting LEAD
enable the calibration, the instrument mus§ER|AL # display also shows the serial number of

first be set as follows: the lead (refer tpage 4-5. The serial number is
« Ohms function, 10 range, 0% or 10% entered separately during calibration, in the CAL
measurement band; CONFIG - LEAD SER # mentpége 4'39

* 2wQ (OHMS CONFIG menu); Spcl  Thiskeyisusedto enter Baseline calibration

e calibration enabled, in the CAL menu; mode, and should not be used except by
e the standard input cable assembly must be servicing formations and during
manufacture.

connected to the instrument front panel, with
the remote 4mm Hi plug inserted into the back Refer to theCaution onpage 5-38
socket of the 4mm Lo plug.

Pressing theead soft key carries out a resistance™t This key is described quage 4-40

measurement between the Hi and Lo input
terminals; and stores the resistance value in non-
volatile RAM.
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CAL CONFIG MENU

When in Calibration mode, pressing the fronDhms operation) and the 4953 external 10A shunt
panelConfig key allows a user to register the seria(needed for the 10A DCI and 10A ACI ranges).
numbers of the Input lead (needed for 2-wire

CAL CONFIG menu Description

To enter the serial number of the Input lead or
4953, press th€onfig key while calibration is
enabled. This opens tllAL CONFIG menu:

|Shunt#| I Lead# I

This menu accesses two menu keys:

Shunt# This key is used to opentBEIUNTSER  Lead# Thiskey is used to open thEAD SER #
# menu: menu:

LEAD SER #
? I I Enter I Quit I ? I I Enter I Quit I

The numeric keyboard is activated, and the 495Bhe numeric keyboard is activated, and the serial
10A Shunt serial number can be entered. number of the input lead can be entered.

Enter  Registersthe serialnumberinnon-volatileEnter  Registers the serial numberin non-volatile
memory. memory.

Quit Leaves the existing previous serialQuit Leaves the existing previous serial
number in non-volatile memory. number in non-volatile memory.

Pressing either Enter or Quit reverts to the CAIPressing either Enter or Quit reverts to the CAL
CONFIG menu; then escape by pressing any fro@ONFIG menu; then escape by pressing any front
panel menu key. panel menu key.
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CAL Menu Description (Contd.)

Exit

Yes

This key is used to close either calibration
mode. It opens the following menu:

UPDATE CAL DATE/TEMP ON EXIT?
Yes No

The calibration date and internal
temperature are automatically updated
before the instrument exits calibration
mode. While this is in progress, the
following message appears on the dot-
matrix display:

RECORDING TEMPERATURE AND REFERENCE VALUES

No

The instrument exits calibration mode
directly, without updating the calibration
date and temperature.

Exit from Calibration mode

When the above processes are completeGihe
legend on the main display is extinguished, the
Caltrig key becomes inactive, and the following
message appears on the dot-matrix display:
Press any front panel menu key to escape.

CALIBRATION MODE TERMINATED
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Appendix A to
Section 4 of the
User’s Handbook for
Model 4950

Note to users: For the sake of completeness, this appendix collects together the error codes which might be
generated either on the instrument front panel, or via the IEEE 488 system bus.

Error Detection

All errors which cannot be recovered without theerror and then continue. System errors which
user's knowledge, result in some system action t@annot be recovered cause the system to halt with
inform the user via a message, and where possitldemessage displayed. Restarting the instrument
restore the system to an operational conditiofitom Power On may clear the error, but generally
Errors are classified by the method with whichsuch messages are caused by hardware or software
they are handled. Recoverable errors report tHaults, which require user action.

Error Messages
Fatal System Errors

For all fatal system errors, the error condition isnitiate repair if the fault persists. The following is
reported only via the front panel. The processa list of error numbers displayed, with their
stops after displaying the message. A user muassociated fault descriptions:

respond by retrying operation from power on, and

9000 - System Kernel Fault
9001 - Run Time System Error
9002 - Unexpected Exception
9003 - PROM Sumcheck Failure
9004 - RAM Check Failure

9005 - Serial Interface Fault (Subdivided)
9006 - Option Test Failure
9007 - Unknown Engine Instrn
9008 - NV RAM Clear Fault
9009 - Stack Overflow

9099 - Undefined Fatal Error
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Recoverable Errors

Types of Recoverable Errors
These consist o€ommand Errors, Execution 0000
Errors andevice-DependenErrors. Command 7001
Errors can only be generated due to incorreat002
remote programming. Some Execution Errors and003
all Device-Dependent Errors can be generated 4004
manual operation as well. Each of the reportablé005
Command, Execution and Device-Dependent006

Errors are identified by a code number. 7007
7008
Error Reporting 7009

Whether in response to a bus or a keyboard errat910
the instrument reports an Execution Error or @011
Device-Dependent Error to both local and remot@012
operators. It displays the error on the front panef,013
it also sets the ESR bit, and adds the error to th®14
queue. 7015

A Command Error is related to bus commanggig
syntax, and so is not reported via the front paneT.

Command Error (CME)

(Remote operation only)

A Command Error is generated when the remote
command does not conform, either to the device
command syntax, or to the IEEE 488.2 generic
syntax. The CME bit (5) is setiein the Standard-
defined Event Status Byte, and the error code
number is appended to the Command Error queue.

The error is reported by the mechanisms described
in the sub-section of Section 5 which deals with
status reporting, and the queue entries can be read
destructively as LIFO by the query command
CMQ?~.

The Command Error numbers, and their
associated descriptions, are as follows:

List of Command Errors

No Command Error

suspect range parameter
suspect band parameter
suspect numeric parameter
suspect mnemonic

suspect pass number

get not allowed

more than 9 characters in field
incorrect arb blck term

arb message length mismatch
arb preamble numeric incorrect
arb data missing

no trailing string term

too many chars in string

string data missing

unknown command type
incorrect message unit terminator
unknown command
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Execution Errors (EXE)

An Execution Error is generated if a received000 -

command cannot be executed due to it beint001
incompatible with the current device state, 01002
because it attempts to command parameters whi¢B05
are out-of-limits. 1006

In remote operation, the EXE bit (4) is setein 108;
the Standard-defined Event Status Byte, and tl'ilé) 09
error code number is appended to the Executio]n0

1012
E .
rror queue 1013

The error is reported by the mechanisms describgg14
in the sub-section of Section 5 which deals with 915
status reporting, and the queue entries can be reggh 6
destructively as LIFO by the query commandigi9
EXQ?. 1020

The Execution Error numbers, and their associateld21

descriptions, are as follows: 1023
1024

1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035

List of Execution Errors

No Execution Error

Option not installed

Calibration disabled

Input zero not allowed

Cal mode change must be via exit
Invalid numeric data

Must be in AC function

Pass number entry error

No more errors in list

Data out of limit

lllegal range/function combination
Command only allowed in remote
Not in special calibration

Temperature cal needs BASE cal enb

Lead cal needs CERT cal enabled
Test not allowed when cal enabled
Zero not allowed when cal enabled
Invalid date format entered
External trigger mode not selected
lllegal band selection

Shunt serial number incorrect

10A selection requires shunt#
BASELINE calibration not enabled
HIACC mode required

2 wire reqd. for lead calibration

2 wire selection requires lead#
Lead serial number incorrect

Base selection invalid in cal mode
Cert selection invalid in cal mode
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Recoverable Errors (Contd.)

Device-Dependent Messages: Normal and Calibration Operations

Device-Dependent Errors (DDE)

Normal Operation

A Device-Dependent Error is generated if thé000 - No Device Dependent Errors

device detects an internal operating fault (eg2001
during self-test). The DDE bit (3) is $atein the 2002
Standard-defined Event Status Byte, and the err@P03
code number is appended to the Device2004
Dependent Error queue. The code number arP05
description appear on the right-hand display2006
remaining visible until the next key-press or2007
remote command. 2008

2009
In Remote, the error is reported by the mechanisn2§10
described in the sub-section of Section 5 whicR011
deals with status reporting, and the queue entri€912
can be read destructively as LIFO by the quer013
command DDQ?. 2014

2015

Device-Dependent Error Lists

Zero correction error

Gain+ correction error

Gain- correction error

AC linearity correction error

Lead correction error
Temperature correction error
Signal outside band

Input zero correction error

Bus address corrupt

Bad data from analog sub-system
Bad copy of measurement correction
Measurement correction invalid
NV RAM write failure

NV RAM read failure

Undefined cal/test error

Device-dependent errors are associated mainBelftest Operation

with normal operation or with test operations. Th&100 -

following error numbers are therefore listed in2101
these categories. The error list for norma2102
operation, with their associated descriptions, 8103
given first, followed by the selftest error list. 2104
2105
2105
2105
2105
2106
2106
2106
2106
2107
2107
2107
2107

A-D: Zero

A-D: Main Reference
A-D: Check Reference
A-D: PREF16

A-D: NREF16

A-D: Main Reference Drift
check again after warm-up
outside 30 day cal period
internal temp. mismatch
A-D: PREF16 Drift
check again after warm-up
outside 30 day cal period
internal temp. mismatch
A-D: NREFL16 Drift
check again after warm-up
outside 30 day cal period
internal temp. mismatch
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2108
2108
2108
2108

2200
2201
2202
2203
2204
2205
2206
2207
2208
2209

2300
2301
2302
2303
2304
2305
2306
2307

2400
2401
2402
2403
2404
2405
2406
2407
2408
2409
2410

A-D: Reference Ratio Drift
check again after warm-up
outside 30 day cal period
internal temp. mismatch

DC Preamp:
DC Preamp:
DC Preamp:
DC Preamp:
DC Preamp:
DC Preamp:
DC Preamp:
DC Preamp:
DC Preamp:
DC Preamp:

Power Supply:
Power Supply:

Zero 100mV
Zero 1V

Zero 10V

Self Test Zero
Gain +1V
Gain -1V
Gain +100mV
Gain -100mV
Gain +10V
Filter 1V

+36V
-36V

Power Supply: +5V

Power Supply:
Power Supply:

+15V
-15v

Temperature 1
Temperature 2

DC Preamp:

AC Preamp:
AC Preamp:
AC Preamp:
AC Preamp:
AC Preamp:
AC Preamp:
AC Preamp:
AC Preamp:
AC Preamp:

AC System:

AC Preamp:

div 60 atten.

Zero x1

Zero x3

Pos 1Vvx1

Neg 1Vx1

Pos 1Vx3

div 10 atten.
div 100 atten.
div 743 atten.
600Hz

O/L check 13V
O/L check 13V

2500
2501
2502
2503
2504
2505
2506

2600
2601
2602
2603
2604
2605
2606
2607

2700
2701
2702
2703
2704
2705
2706
2707

2800
2801
2802

AC System:
AC System:
AC System:
AC System:
AC System:
AC System:
AC System:

AC gain

S&H tracking

S&H holding

Quasi-sine gain

Chop 100Hz filter

Chop 10Hz
Linearity

Ohms:
Ohms:
Ohms:
Ohms:
Ohms:
Ohms:
Ohms:

5V Clamp
1mA Source
100A Source
10A Source
LA Source
100nA Source
10V Output

Ohms: Zero

Current:
Current:
Current:
Current:
Current:
Current:
Current:
Current:

General:
General:
General:

10mA 10R
10mA 1R
10mA OR1
1mA 100R
100A 1k
4wr/2wr switch
Ohms Isolation
Fuse Test

Digital p/s
Battery voltage
RAM test
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Section 5 Contents List

Alphabetical Index of IEEE 488.2 Codes used in the 4950

Introductory Material

Introduction
Interface Capability
Interconnections

Using the 4950 in a System
Addressing the 4950
Remote Operation
Programming Guidance
Message Exchange Models
Service Request

Retreival of Device Status Information
The 4950 Status Reporting Structure
4950 Status Reporting - Detail (see also pages 5-59 to 5-68)

4950 Commands and Queries - Syntax Diagrams

Measurement Definition - Major Functions
DCV Function
ACV Function
Resistance Function
DCI Function
ACI Function

Measurement Parameters
Accuracy Mode
Correction Selector
Trigger Source Selector
Band Limits

Measurement Definition - SRQ Generation
SRQ Origination

Trigger Reading
Execute Trigger
Execute 'Input Zero'

Measurement Results
Reading Recall
Frequency Readings
Return the Quality of Measurement
Recall the Sample Size
Instrument Stability Status

5-0-4 to 5-0-6

5-28
5-30
5-32
5-34
5-36

5-39
5-40
5-42
5-42

5-43

5-44
5-44

5-46
5-47
5-48
5-49
5-50
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Instrument Configuration
Instrument I/D
Set 10A Shunt Serial Number
Query Shunt Serial Number
Set 2-Wire Ohms Lead Serial Number
Query 2-Wire Ohms Lead Serial Number
Recall Selected Ambient Temperature of Certified Calibration
Recall the Present / Certified-Calibration / Baseline-Calibration Date
Return the Instrument's Hardware Fitment

Status Data Manipulation
Status Reporting (see also page 5-17)
Power On Status Clear
Clear Status

Error Reporting
Error Detection
Recall Device Errors
Recall Execution Errors
Recall Command Errors

Test Operations
Confidence Selftest
Resume Confidence Selftest

Internal Operations
Instrument Reset to Default Condition
Operation Complete
Wait

General Queries
Recall Stored User Data
Recall Present Time

Calibration Commands and Messages
General Outline
Enable Calibration
Trigger Calibration
Set 'Nominal' Target Calibration Point
Recall 'Nominal' Target Calibration Point
Trigger Frequency Calibration
Set 'Nominal' Target Frequency Calibration Point
Recall 'Nominal' Target Frequency Calibration Point
Set 10A Shunt Serial Number
Set 2-Wire Ohms Lead Serial Number
Characterize 2-Wire Ohms Lead
Record Nominal Ambient Temp (Cert Cal)
Set Internal Clock/Calendar
Entry of Protected User Data
Exit from Calibration

Appendix A: IEEE 488.2 Device Documentation Requirements
Appendix B: 4950 Device Settings at Power On

5-51
5-52
5-53
5-54
5-55
5-56
5-57
5-58

5-59
5-66
5-68

5-69
5-70
5-71
5-72

5-73
5-74

5-75
5-76
5-77

5-78
5-79

5-80
5-82
5-84
5-85
5-86
5-87
5-88
5-89
5-90
5-91
5-92
5-93
5-94
5-95
5-96

5-Al
5-B1
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Alphabetical Index of IEEE 488.2 Codes used in the 4950

Common Commands/Queries
Description Page 5-

Common Command/

Query

*CLS
*ESE
*ESE?
*ESR?
*IDN?
*OPC
*OPC?
*OPT?
*PSC
*PSC?
*PUD
*PUD?
*RST
*SRE
*SRE?
*STB?
*TRG
*TST?
*WAI

Clears event registers and queues (not O/P queue)
Enables Standard-defined Event Register bits
Returns Event Status Enable register mask value
Reads the Event Status register

Reports manufacturer, model, etc.

Conforms, but not relevant to 4950 application
Conforms, but not relevant to 4950 application
Recalls instrument hardware fitment

Sets/resets power-on status clear flag

Recalls power-on status clear flag

Allows entry of user data to protected store
Recalls user-entered data

Resets instrument to power on condition

Enables Service Request Byte bits

Returns Service Request Byte mask value
Non-destructively reads Service Request Byte
Causes a single reading to be taken

Performs Operational Test

Conforms, but not relevant to 4950 application

Calibration Operations

Device-Dependent
Command/Query

CAL?
CAL_FREQ?
CERT_AMB
CHSE LEAD
DATE
ENBCAL
EXIT
LEAD_NO
NOMINAL
NOMINAL?
NOM_FREQ
NOM_FREQ?
*PUD
SHUNT_NO

Description

Triggers calibration operation

Triggers frequency calibration operation

Records the ambient temperature during Cert. Cal.

Characterizes the 2-wire input lead resistance

Sets calendar and clock

Enables calibration

Disables calibration

Enters the serial number of the 2-wire Input Lead to be characterized
Pre-sets a non-default Calibration Target Value

Returns the active non-default Calibration Target Value

Pre-sets a non-default Frequency Calibration Target Value

Returns the active non-default Frequency Calibration Target Value
Allows entry of user data to protected store

Enters the Serial Number of the External 10A Shunt to be registered

Page 5-

62 (43)

64 (43)
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Normal Operations

Device-Dependent Description Page 5-
Command/Query

ACCURACY Sets High (Slow) or Low (Fast) Accuracy mode 39
ACI Selects AC Current function 36
ACV Selects AC Voltage function 30
BAND Selects Band Limits OFF or ON 42
CERT_AMB? Recalls the recorded ambient temperature of Certified Calibration 56
CMQ? Recalls most-recent command error from queue 72
CORRECTN Selects Base or Certified calibration corrections 40
DATE? Returns the Present / Certified / Baseline date 57
DCI Selects DC Current function 34
DCV Selects DC Voltage function 28
DDQ? Recalls most-recent device error from queue 70
DEVTN? Calculates and returns the quality of the internal sample 48
EXQ? Recalls Execution Errors 71
FREQ? Recalls frequency of next measurement and updates a7
LEAD_NO Enters the 2-wire Input Lead serial number 54
LEAD_NO? Returns the characterized Input Lead serial number and measured value 55
MESE Enables Measurement Event Status Register bits 60 (43)
MESE? Recalls Measurement Event Status Enable Register bits 60
MESR? Reads Measurement Event Status Register 61
OHMS Selects Resistance function 32
RDG? Recalls most-recent reading 46
RTST? Resumes Confidence Test 74
SHUNT_NO Enters the External 10A Shunt serial number 52
SHUNT_NO? Returns the Registered 10A Shunt serial number 53
SMP_SIZE? Returns the number of conversions in the sample 49
STANDBY? Recalls the time remaining in warm-up period 50
TEMP? Recalls the Present Temperature / Temperature Difference 56
TIME? Recalls the time the query was processed 79
TRIG_SRCE Selects internal or external triggers 42
ZERO? Triggers ‘Input Zero'measurement 45

PTO for other mnemonics
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Other Mnemonics, their Commands and Functions

Mnemonic Command

of which the

mnemonic is

a parameter
ABSOLUTE DEVTN?
BASE CORRECTN
BASE DATE
BASE ENBCAL
BASE TEMP
CERTIFIED CORRECTN
CERTIFIED DATE
CERTIFIED ENBCAL
CERTIFIED TEMP
DATE EXIT
DEG20C CERT_AMB
DEG23C CERT_AMB
EXT TRIG_SRCE
FREQ ... ACI
FREQ ... ACV
FWR OHMS
HIGH ACCURACY
INT TRIG_SRCE
LCL_GUARD All Main Functions
LEAD CHSE
LOW ACCURACY
OFF BAND
ON BAND
PCENT_... All Main Functions
REM_GUARD All Main Functions
READING DEVTN?
TWR OHMS

Mnemonic Function

Returns Quality in values of the selected function.
Applies Baseline-Calibration Corrections.

Returns the date of the most-recent Baseline Calibration.

Enables Baseline Calibration (Not to be used).

Returns difference between present internal temperature

and that at Baseline Calibration.
Applies Certified-Calibration Corrections.

Returns the date of the most-recent Certified Calibration.

Enables Certified Calibration
(if rear panel switch is set to 'ENABLE').

Returns difference between present internal temperature

and that at Certified Calibration.

On exit from calibration mode, Annotates the current

calibration with Date and Internal Temperature.

Records that Certified Calibration was at 20°C ambient.
Records that Certified Calibration was at 23°C ambient.

Selects external triggers.

Selects ACI Frequency Band.

Selects ACV Frequency Band.

Selects Four-Wire OHMS Measurement.
Selects High Accuracy Mode.

Selects Internal Triggers.

Selects Local Guard

Characterizes the input lead for 2-wire Ohms.
Selects Low Accuracy Mode.

Selects Band Limits OFF.

Selects Band Limits ON.

Selects (by range) Function's Measurement Band.

Selects Remote Guard
Returns Quality in ppm of the measurement value
Selects Two-Wire OHMS Measurement.
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SECTIONS5 SYSTEMS APPLICATION VIA
THE IEEE 488 INTERFACE

Introduction

This first part of Section 5 gives the information necessary to put the 4950 into operation on the IEEE
488 bus. As some operators will be first-time users of the bus, the text is pitched at an introductory level.
For more detailed information, refer to the standard specification, which appears in the publications
ANSI/IEEE Std. 488.1-1987 and IEEE Std. 488.2-1988.

Section Contents Interface Capability

The section is divided so as to group certain typeEEE Standards 488.1 and 488.2

of information together. These divisions are: The 4950 conforms to the Standard Specification
IEEE 488.1-1987: 'IEEE Standard Digital Interface

Interface Capability - IEEE 488.1 subsets which for Programmable Instrumentation’, and to IEEE

are implemented in the model 4950, satisfying88.2-1988: ‘Codes, Formats, Protocols and

IEEE 488.2. Common Commands’.
Interconnections - the rear panel IEEE 488
connector and its pin designations. The 4950 in IEEE 488.2 Terminology

Typical System- a brief view of a typical process In IEEE 488.2 terminology the 4950 islavice
using the 4950 to measure the output from eontaining aystem interface It can be connected
programmable AC voltage source. to a systemvia its system busand set into
Using the 4950 in a Systemaddressing, remote programmed communication with other bus-
operation and programming guidance - introductiononnectedievicesunder the direction of a system
to syntax diagrams. controller.

Message Exchangea simplified model showing

how the 4950 deals with incoming and outgoindg®rogramming Options

messages. The instrument can be programmed via the IEEE
Service Request- why the 4950 needs the Interface, to:

controller’s attention and how it gets it. e Change its operating state (Function, Range,
Retrieval of Device Status Information- how Frequency etc).

the IEEE 488.2 model is adapted to the 4950. ¢ Transmit results of measurements, and its own
Programming Messages detailed descriptions status data, over the bus.

of both common and device-specific commands Request service from the system controller.
and queries.
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Capability Codes

To conform to the IEEE 488.1 standar
specification, it is not essential for a device t
encompass the full range of bus capabilities.

But for IEEE 488.2, the device must conform
exactly to a specific subset of IEEE 488.1, with
minimal choice of optional capabilities.

IEEE
488.1 Interface Function
Subset
N SH1 Source Handshake Capability
AH1 Acceptor Handshake Capability
T6 Talker (basic talker, serial poll,

The IEEE 488.1 document describes and codes the

standard bus features, for manufacturers to gi
brief coded descriptions of their own interfaces
overall capability. For IEEE 488.2, this descriptior
is required to be part of the device documentatio
A code set is often printed on the product itself.

The codes which apply to the 4950 are given i
Table 5.1 together with short descriptions. They
also appear on the rear of the instrument nextto t

interface connector. These codes conform to theDT1

capabilities required by IEEE 488.2.

Appendix C of the IEEE 488.1 document contain
a fuller description of each code.

Cco
E2

D

unaddressed to talk if addressed to

€ listen)
L4 Listener (basic listener, unaddressed
to listen if addressed to talk)
1-:SR1 | Service Request Capability
RL1 Remote/Local Capability (including
1 Local Lockout)
PPO No Parallel Poll Capability
heDC1 Device Clear Capability

Device Trigger Capability

No Controller Capability
Open-Collector and Three-State
Drivers

Table 5.1 IEEE Interface Capability

Bus Addresses

When an IEEE 488 system comprises severdhe 4950 has a single primary address, which can
instruments, a unigue ‘Address’ is assigned tbe set by the user to any value within the range
each to enable the controller to communicate withom 0 to 30 inclusive. It cannot be made to

them individually.

respond to any address outside this range.

Only one address is required for the 4950, as tt#econdary addressing is not programmed.

controller adds information to it to define either
‘talk’ or ‘listen’. The method of setting the address,

and the point at which the user-initiated address is

recognized by the 4950, is detailedpage 5-4
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Interconnections

Instruments fitted with an IEEE 488 interface
communicate with each otherthrough a standa

(Pin

set of interconnecting cables, as specified in th
IEEE 488.1 Standard document.

The interface socket, SK7, is fitted on the reg
panel. taccommodates the specified connectd
whose pin designations are also standardized
shown inFig. 5.1andTable 5.2

G

Fig 5.1 Connector SK7 - Pin Layout

alo. Name | Description
el DIO1 Data Input/Output Line 1
2 DIO 2 Data Input/Output Line 2
r3 DIO 3 Data Input/Output Line 3
r,4 DIO 4 Data Input/Output Line 4
aé EOI End or Identify
6 DAV Data Valid
7 NRFD Not Ready For Data
8 NDAC Not Data Accepted
9 IFC Interface Clear
10 | SRQ Service Request
11 | ATN Attention
12 | SHIELD | Screening on cable (connected
to 4950 safety ground)
13 |DIOS Data Input/Output Line 5
14 | DIO6 Data Input/Output Line 6
15 |DIO7 Data Input/Output Line 7
16 |DIO8 Data Input/Output Line 8
17 | REN Remote Enable
18 | GND 6 | Gnd wire of DAV twisted pair
19 |GND 7 | Gnd wire of NRFD twisted pair
20 | GND 8 | Gnd wire of NDAC twisted pair
21 |GND9 | Gnd wire of IFC twisted pair
22 | GND 10 | Gnd wire of SRQ twisted pair
23 | GND 11 | Gnd wire of ATN twisted pair
24 | GND 4950 Logic Ground (internally

connected to Safety Ground)

Table 5.2 Socket SK7 - Pin Designations
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Using the 4950 in a System
Addressing the 4950

Address Recognition e Press theConfig key to see theSTATUS
With an address selected in the range 0 to 30; CONFIG menu:
control may be manual, or remote as part of 2A—

Config
system on the Bus. The address must be the s m
as that used in the controller program to activa Lead Shunt sert | adr |
the 4950. The 4950 is always aware of its stored

address, responding to Talk or Listen command&his menu defines four saftenikeys; at present
from the controller at that address. When th¥/ are interested only in tieidr key.

address is changed by the user, the 495%Qdr. displays the\DDRESS menu, to review or

recognizes its new address and ignores its old change the IEEE-488 bus address of the
address, as soon as it is stored by the user pressing  instrument.

theEnter key in theADDRESS menul.

Setting the Bus Address ADDRESS Menu
The instrument address can only be set manually; Pressthéddr softkey to see theDDRESS
using theADDRESS menu, which is accessedvia menu:

the STATUS andSTATUS CONFIG menus.
ADDRESS =

To change the address, proceed as follows: XX Enter  Quit |
¢ Pressthstatus key to see thBTATUS menu.

If the instrument is still warming up, then theThis menu permits entry of a value to be used as an
following display will appear: IEEE-488 bus address. Initially, the menu

Status displays the present address value (in the position
. 4950 STABILITY EXPECTED IN: XXHR XXMIN | shown abovg bxX), and the_numeric_‘keyboard

] ] keys are activated. Any valid numeric value (0-
If the warm-up period has expired, then theg) may be entered, an invalid address resulting in

following display will appear: the display message '1007: Invalid numeric data’,

m leaving the existing address unchanged.
XXXX XXXX XXXX XXXX XXXX |

Pressingnter stores the new value (or restores the
This menu defines five positions on the dot-matrixld value if unchanged); pressiQuit leaves the
display (refer to Section 3 for details). The sofexisting address unchanged. EitBater or Quit
keys are deactivated, and play no part in setting tlrauses exit back to tl8ATUS CONFIG menu,
address. then press any required function key to escape.
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Remote Operation

General ‘Device Clear’

When the 4950 is operating under the direction dither of the command®CL or SDC will force

the controller, the legenmdm appears on the Main the following instrument states:

display, and all front panel controls are disableel all IEEE 488 input and output buffers cleared;
exceptPower, SRQ andLocal (as the 4950 has ¢ parser reset to the beginning of a message;
RL1 capability, including 'Local Lockout'; evenes any device-dependent message bus holdoffs
theLocal key can be disabled by the controller).  cleared.

The power-up sequence is performed as forhese commandsill not:

manual operation. The 4950 can be programmed change any settings or stored data within the

to generate an SRQ at power-up, also preparing a device except as listed above;

status response for transmission to the controller interrupt analog input;

when interrogated by a subsequent serial poll. ¢ interrupt or affect any functions of the device

not associated with the IEEE 488 system;

Transfer to Local Operation (GTL) e change the status byte.

The 4950 can be switched into ‘Local’ operation

(by Command GTL), permitting a user to takd.evels of Reset

manual control from the front panel. The systenThree levels of reset are defined for IEEE 488.2

controller regains ‘Remote’ control by sending theontrollers, a complete system reset being

overriding command: accomplished by resetting at all three levels, in
Listen Address with REN true order, to every device. Inother circumstances they

may be used individually or in combination:
The controller addresses the 4950 as a listener with

the Remote Enable management line true (Low Fg Bus |n|t|al|zat|r?n; initialization-

This returns the 4950 from local to remote control; L Mes.sag_e.etxc_: apge nitialization;
[RST Device initialization.
The effects of th€RST command are described
onpage 5-75
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Programming Guidance

Programming Elements Conformance to IEEE 488.2

The 4950 operates within the syntax demands ¢EEE 488.2 defines sets of Mandatory and

IEEE 488.2. To alter its configuration, elicitOptional Common Commands/Queries along
information etc., it requires to be sent an addressgith a standard method of Status Reporting. The
code followed by commands or queries. 4950 conforms with all Mandatory Commands/

The smallest program element capable O(pugries but not all the Options, and uses the
activation is called a 'program message unifie':InEd Status Reporting method. .
(pmy, which must conform to a standard structuré\mte: Command§ prelfaced by a}stenskD'éQG,
(detailed later in this section). Om@ucan be sent are standard-defined ‘Common’ commands.
on its own, followed by a recognized 'terminator'jn addition to these Common Commands, the
in which case it is known as a 'program messagd'950 has a set of Device-Dependent Commands,
Several formally-completepmus can be defined by Datron to program the instrument into
concatenated together, using semi-colons afs various functions and ranges. |EEE 488.2
separators, to form a program message. Adlefines how these commands should be linked or
program messages must be correctly terminatedeparated (ie the syntax is defined). These device-
dependent commands have been designed to be
Activation self-explanatory, while conforming to the
The 4950 cannot activate any commands atandard-defined syntax.

queries untll it receives a message unit separatpfe |EEE 488.2 also requires certain 'Device
(;) or a correct message terminator. Documentation' to be supplied by the
The message terminator for the 4950 is the Haxanufacturer of the device. The necessary data for
number @A, characterized in IEEE 488.2 as ‘NL’the 4950 is included within the text of this section,
Alternatively, the ‘End or Identify’ (EOI) line can and indexed by Appendix A at the back of the
be set true with the last byte to be sent; this isection.

represented on the syntax diagram by /*"END/.

To assist in eliminating incorrect commands opommand Formation

queries, the 4950 checks for errors in the messag-g?e following paragraphs describe the types of

and can generate a service request (SRQ) if gmmand that are used to program the 4950.
syntax error occurs. To ensure that a prohibited command (or ‘Program Message Unit’) can
state is not set up, it also checks each programerely comprise a simple alphabetic code. But if
message unit for validity. Generally, if it finds anythere are alternative ways of programming within
errors in this phase the message unit is ignored,command, this is signified by using a'Command
although for commands with errors associateBrogram Header', followed by the appropriate
with optional data elements, those elements ahe&fogram Message Elements’.

of the option path will be executed. An example of a simple command is the query

‘FREQ?’, which recalls the frequency of the most-
recent reading.

5-6



Section 5 - Systems Application

An example of a more complex command is:  specify the elements of concatenated strings:
‘TRG_SRCE EXT’

which will program the instrument to wait for, and

respond to, externally generated triggers. In this

example, TRG_SRCE is the Command Program

Header, while EXT is a Program Messagé A Program Header is separated from its

Element, and the space between is as described Message Elements by ‘white space’ - (i.e one

e A succession of Message Units making up a
complete Program Message must each be
separated by a semi-cola. (

below for a 'Program Header Separator'. or more non-printing ASCII characters in the
ranges Hex @@ to @9 and @B to 20) - denoted
'Forgiving Listening’ here by {phs} - Program Header Separator.

IEEE 488.2 Closely SpeCifieS the format of, Successive Message Elements of a Message
messages to be transmitted by a conforming ynit are each separated by a comgha (
'talker' device, imposing consistencies to clarify

the exact meaning of any message received from
the device.

In numeric data strings, all variants of a
particular family of numeric representations

S _ (Nrf) are acceptable.
Conversely, a conforming 'listener' device should

be able to interpret a variety of received messages,
coming from different types of controller. By
limiting the language to the commonly-usec Program Messages may be terminated by a
ASCII character set, this condition is partly met. Line Feed - (ie the ASCII character at Hex @A)
But IEEE 488.2 also insists that certain characters - denoted by {NL} (Newline), or by EOI true
be usednlyas command symbols to separate and with the last byte, or both.

No differentiation is made between upper and
lower case characters.

An example of a complete Program Message could be:
DCV{phs}10,PCent_100,REM_GUarD;TRIG_srce{phs}EXT;*TrG{NL}

which will print as: DCV 10,PCent_100,REM_GUarD;TRIG_srce EXT,; rrG

This message appears visually as a jumbled string White space can be insertezfore and/or after
of characters, confusing to read due to the spacing a Program Message Element Separajor (

(orlack of it). So IEEE 488.2 also permits optiona] White space can be inserteefore and/or after

_wh|te space o .be |r_1$.er_t.ed W'th!n. a strmg © an Exponent SymboE] in a numeric string.
improve its visual intelligibility, providing certain

rules are followed: These rules are programmed into the 4950, giving
it the nature of a'Forgiving Listener', to ensure that

oes notreject received commands or data which
obey these rules.

e The'white space' characters must be as defin
earlier for the Program Header Separator.

e White space can be inserteeforea Program
Message Separatqp).
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IEEE 488.2 Syntax Diagrams Syntax Diagrams in this Handbook

To standardize the approach to programming, thEhe following paragraphs describe the syntax
IEEE 488.2 Standard has introduced a form adiagrams used in this handbook. Some repetition
‘Syntax Diagram’, in which the possible of earlier matter is inevitable, but at this point we
command formation for particular messages caare more concerned with the syntax diagrams.
be given. The IEEE 488.2 syntax has been adherFﬁjerarchy of Syntactic Elements

to, so in the following descriptions of device—AII messages are subject to the protocols of
dependent commands, we have adopted tI'J':fiidressing and handshake defined in the IEEE

stgndard syntax diagram, with modif_ied styleto fiE188.1 Standard document. Withinthese protocols,
this handbook. A word of explanation about th essages are characterized by the presence of

notation is needed, and the diagrams are definet rminators. each of which seals the set of

although they are virtually self-explanatory. syntactic elements sent since the previous

Notation terminator to form a ‘Program Message’.
¢ Syntactic elements are connected by lines wittixhe Program Message
directional symbols to indicate the flow, which

) Each Program Message may consist of only one
generally proceeds from left to right. g g Y y

syntactic element plus its terminator, or may be

¢« Repeatable elements have a right-to-lefsubdivided into many ‘Program Message Units’,
reverse path shown above and around thersgparated by semi-colon$ yhich are known as
which can also contain a separator such as‘Rrogram Message Unit Separators’. Thus the
comma. As far as possible, the commands faemi-colon cannot be used for any other purpose.
the 4950 have been simplified to avoid reversg ¢ you can see from the diagram, multiple

paths. Program Message Units can be sent if they are

« Whenitis possible to bypass elements, a lefseparated using semi-colons (shown in the repeat
to-right path is shown below and around thempath). The block named ‘Program Message Unit’
¢ When there is a choice of elements, the paﬂQe_refore repre;entsither_repeat; of the same
branches to the choices. unit,or a set of different unitsy a mixture of both.
The starting circle is a device used only for the

The earlier example program message: diagram; there is no requirement to use a special
DCV{phs}10,PCent_100,REM_GUarD; character to start a message, providing the
TRIG_srce{phs}EXTDTrG{I\TL} previous message was correctly terminated. It is

possible to send only the terminator as a complete

is a syntactic string derived from the DCV’Pro
. gram Message (as shown by the forward
TRIG_SRCE andIRG commands, which appear ypass path), but this feature has little use when

in the range of diagrams described below. {phs Jogramming the 4950.
means ‘program header separator’, describ
earlier.
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Syntax Diagram of a Simple Program Message

Program Message Unit Program Message Terminator

Character Usage

Notice that the names of some elements are showhe |IEEE 488.2 document specifies formats
here in italics. This agrees with the conventiomvhich ensure that a device is ‘forgiving' when
used on the syntax diagrams in this handbookeceiving program or query commands, but
which sets ‘non-literal’ text (names given to'precise’ when transmitting responses to queries.
particular elements) in italics, whereas ‘literal’

text (the actual characters to be sent, such as ther program data it insists that a device must
semi-colon in the diagram) is shown in plain-texaccept the decimal 'Flexible Numeric

capitals. RepresentationNff)', which is a flexible version
of three numeric representations (Nrl, Nr2 and
Upper/Lower Case Equivalence Nr3) defined by ANSI X3.42-1975 [2]. The 4950

The plain-text capitals are not demanded by theomplies.

standard, and the 4950 will not differentiate

between upper and lower case characters in litef@aecimal numeric response data from the 4950

program text. Either or both can be used, mixedmploys either Nrl or Nr3 format, usage

upper and lower case if this conveys an advantaggepending on the particular response. In this
handbook, all syntax diagrams for query messages

Numeric Representation are accompanied by a paragraph which indicates

Several commands and queries used for the 498t response format. Users are left in no doubt as

require transmission and reception of number$o the construction of the response.

Decimal formats are generally used.
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The Program Message Unit

Program Message Units (PMUs) can bd&MUs within the Program Message are obviously
‘Terminal’ or ‘Non-terminal’. The final PMU in Non-terminal. Most of the commands in this
any Program Message is always Terminahandbook are described in the form of non-
(includes the terminator), whereas all precedinterminal message units:

Non-Terminal Program Message Unit

— | Program Header Program header separator Data Element

To save space, the name ‘program header separator’ is abbreviated to ‘phs’.

Use of phs

1

——»| Program Header phs Data Element

The Command Program Header

Several versions are defined by the IEEE 488.Ror example: the command for Confidence
Standard document. The ‘Simple’, ‘Common’Selftest (ITST?) is shown in abbreviated, rather
and ‘Query’ headers are designed into the 495€han full format:

but not ‘Compound’ headers.

The asterisk (Common) and question mark Common Query - Abbreviated Format
(Query) are defined separately by the standard
document, but as they are inseparable from the
command, they are shown on the 4950 syntax
diagrams in the same block as the program
mnemonic (abbreviated format).

— *TST? p—
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Program Data Elements
Four versions of the defined program data elements are employed. They are emphasized in the following
syntax diagrams, which are examples from the list of commands available for the 4950:

Character

— TRIG_SRCE phs

Decimal Numeric

NOMINAL phs Nrf

(Nrf can be expressed in any of the ways defined by the Standard document)
String

— SERIAL phs ‘

(The string size is defined)
Arbitrary Block Data Elements

— =
aen ]C s

Both the ‘Definite’ and ‘Indefinite’ forms program message mustbe terminated to inform the
specified in the Standard document are used, asstrument that the block is complete.

shown in the Syntax diagram. Thser message e that the slash-delimited /"END/ box is not
must be limited to a maximum of 63 bytes. outlined. This is to draw attention to the fact that
The definite form can be fitted into a string ofitis not a data element, but represents the EOl line
message units, but the indefinite form (lower patheing set true with the last byte ‘NL’ to terminate
has no exitto further message units. Inthis case tttee program message.

user message
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Message Exchange

IEEE 488.1 Model

The 4950 conforms to the requirements of theapability codes listed ifable 5.1onpage 5-2 In
IEEE 488.1 Standard, in respect of the interactioreddition, the 4950 is adapted to the protocols
between its device system interface and the systesgscribed by the IEEE 488.2 model, as defined in
bus. Its conformance is described by the interfaglat standard’s specification.

IEEE 488.2 Model

The IEEE 488.2 Standard document illustrates itdowever, because each of the types of errors
Message Exchange Control Interface model at tHiagged in the Event Status Register are related to
detail level required by the device designer. Much particular stage in the process, a simplified 4950
of the information at this level of interpretationinterface model can provide helpful background.

(such as the details of the internal signal paths et@his is shown inFig. 5.2 opposite, with brief

is transparent to the application programmeidescriptions of the actions of its functional blocks.

4950 Message Exchange Model

Input/Output Control transfers messages fromlitreceives the Status Byte from the status reporting
the 4950 output queue to the system bus; amystem, as well as the state of the request service bit
conversely from the bus to either the input buffenwhich it imposes on bit 6 of the Status Byte
or other predetermined destinations within théultimately on bus line DIO 7) in the event of a
device interface. |Its interaction with theserial poll. Bit6 reflects the ‘Request Service state
controller, via the system bus, is subject to th&ue' condition of the interface.

IEEE 488.1 management and handshake protocol.

Incoming Commands and Queries

The Input Buffer is a first in - first out queue, The Parser checks each incoming character and
which has a maximum capacity of 128 bytests message context for correct Standard-defined
(characters). Each incoming character in the I/@eneric syntax, and correct device-defined syntax.
Control generates an interrupt to the instrumer®@ffending syntax is reported as Gommand
processor which places it in the Input Buffer forError , by settingruebit 5 (CME) of the Standard-
examination by the Parser. The characters adefined Event Status register, and placing an error
removed from the buffer and translated withdescription number in a queue associated with the
appropriate levels of syntax checking. If the rat€ME bit. (refer to the sub-section ‘Retrieval of
of programming is too fast for the Parser oDevice Status Information’).

Execution Control, the buffer will progressively

fillup. When the buffer is full, the handshake is

held.
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IEEE 488.1 bus
Bus 4950 Bus
Messages Transmissions
N Status Byte
STB
Input/Output Control (STB)
< RQS bit state
General and Addressed Requested for Status Byte
Bus Messages ‘ ‘ Bus Messages
) ) )
Input - Output Aﬂesiag/e
Buffer Queue vallable
(MAYV bit)
Received 1 Response
Message Message
Elements Elements
)
Command Message Output
Errors Parser - = Exchange I —— Formgtter
(CME bit) Control
Parsed 1
Message
Elements
Executi
Eﬁgrlson Execution - Query Errors
(EXE bit) Control (QYE bit)
¥ Response
Data
Executable !
Message Power On
Elements R :PON bit)
4950 Functions
and Facilities Eront Panel
Device-Dependent. [—= _Front Fane
Errors (DDE bit SRQ Key Pressed
( ) (URQ bit)
Fig. 5.2 - Simplified 4950 Message Exchange Model

Execution Control receives successfully parsedregister, and placing an error description number
messages, and assesses whether they caniba queue associated with the EXE bit. Viable
executed, given the currently-programmed stat@essages are executed in order; altering the 4950
of the 4950 functions and facilities. If a messag&nctions, facilities etc. Execution does not
is notviable (eg the selftestcommon queMST?  ‘overlap’ commands; instead, the 4950 Execution
when calibration is successfully enabled); then a@Gontrol processes all commands ‘Sequentially’
Execution Error is reported, by settige bit 4  (ie. waits for actions resulting from the previous
(EXE) of the Standard-defined Event Statugommand to complete before executing the next).
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4950 Functions and Facilities Trigger Control

The 4950 Functions and Facilities block contain§wo types of message are used to trigger the 4950
allthe device-specific functions and features of th&-D into taking a measurement:

4950, accepting Executable Message Elements

from Execution Control and performing the GET (IEEE 488.1-defined)

associated operations. It responds to any of the (TRG (IEEE 488.2-defined)

elements which are valid Query Requests (both

IEEE 488.2 Common Query Commands and 495i&1 the 4950 both GET and *TRG messages are
Device-specific Command Queries) by sendingassed through the Input Buffer, receiving the
any required Response Data to the Outpigame treatment as program message units, being
formatter (after carrying out the assigned interngdarsed and executed as normal.

operations).

Device-dependenterrors are detected in this
block. Bit 3 (DDE) of the Standard-defined Event
Status register is set true when an internal
operating fault is detected, for instance during a
selftest. Eachreportable error has a listed number,
which is appended to an associated queue as the
error occurs.

This block also originates a local power-on

message by the action of the 4950 line power being
applied. Bit 7 (PON) of the Standard-defined

Event Status register is set true when the
instrument power transits from off to on (refer to

the sub-section ‘Retrieval of Device Status

Information’).

The front-paneSRQ key allows users to initiate

an SRQ (providing the appropriate status register
bits are enabled). Bit 6 (URQ) of the Standard-
defined Event Status register is set true when the
key is pressed, and setto false by reading the Event
Status register or if the registers are cleared by
[CLS.
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Outgoing Responses ‘Query Error’

The Output formatter derives its information Thisisanindicationthatthe controllerisfollowing
from Response Data (being supplied by than inappropriate message exchange protocol,
Functions and Facilities block) and valid Queryesulting in the following situations:
Requests. From these it builds Response Message
Elements, which are placed as a Response Interrupted Action When the 4950 has not
Message into the Output Queue. finished outputting itResponse Message a

Program Query, and is interrupted by a new
The Output Queue acts as a store for outgoing  Program Message
messages until they are read over the system bus
by the Controller. For as long as the output queuwe Unterminated Action When the controller
holds one or more bytes, it reports the fact by attempts to readResponse Messageom the
settingtrue bit 4 (Message Available - MAV) of 4950 without having first sent the complete
the Status Byte register. Bit 4 is f@sewhen the Query Message(including the Program
output queue is empty (refer to the sub-section Message Terminatoj to the instrument.
‘Retrieval of Device Status Information’).

The Standard document defines the 4950's
Response Terminations response, part of which is to setebit 2 (QYE) of
A single query sent as a terminated prograrthe Standard-defined Event Status register.
message will elicit a single response terminated
by:
nl = newline with EOI

If multiple queries are sent as a string of program
message units (separated by semi-colons with the
string followed by a permitted terminator), then
the responses will be returned as a similar string
whose sequence corresponds to the sequence of
the program queries. The final response in the
string will be followed by the terminator:

nl = newline with EOI
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Service Request (SRQ)

IEEE 488.1 Model IEEE 488.2 Model

The IEEE 488.1 model provides for a separate lin€he application programmer can enable or disable
(SRQ line) on the system bus, to be set true (Lovilie event(s) which are required to originate an
by the device when requesting service from th8RQ at particular stages of the application
controller. The model defines the subsequemtrogram. The IEEE 488.2 model incorporates a
action by the controller, and in the 4950 $eeial  flexible extended status reporting structure in
poll facility has been incorporated. which the requirements of the device designer and
application programmer are both met.
The controller conducts a serial poll by requesting
each participating device, in sequence, to write ifShis structure is described in the next sub-section,
Status Byte onto the DIO lines 8-1. In eachlealing with ‘Retrieval of Device Status
response, the bit on the DIO 7 line (Requedhformation’. As SRQ provision is integral to the
Service bhit) indicates whether that was the devicgtructure, the description of the implementation of
which originated the request for service. SRQ features is covered in that sub-section rather
than in this.

Reasons for Requesting Service

There are two main reasons for the 4950 to request
service from the controller:

¢ When the 4950 message exchange interface
discovers a system programming error;

¢ When the 4950 is programmed to report
significant events by SRQ.

The significant events vary between types of
devices; thus there is a class of events which are
known as ‘Device-Specific’. These are
determined by the device designer and included in
the device operating program.
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Retrieval of Device Status Information

Introduction

Need for Status Reporting The 4950 Status Reporting Structure

For any remotely-operated system, the provisiom a closely-specified Standard such as the IEEE

of up-to-date information about the performance88.2, we should expect to find a well-defined and

of the system is of major importance. This izomprehensive status reporting facility, and this is

particularly so in the case of systems whictindeed the case. Not only does the Standard

operate under automatic control, as the controllgrstablish regular methods of retrieving the

requires the necessary information feedback teformation, but it also provides the means for the

enable itto progress the programmed task, and adgvice designer to build a status-reporting

break in the continuity of the process can havstructure which is pertinent to the nature of the

serious results. device. Within this structure the application
programmer is then given a wide choice to decide

When developing an application program, then the sort of information required at each stage in

programmer needs to test and revise it, knowing ithe program.

effects. Confidence thatthe program elements are

couched in the correct grammar and syntax (and

that the program commands and queries are thus

being accepted and acted upon), helps to reduce

the number of iterations needed to confirm and

develop the viability of the whole program. So any

assistance which can be given in closing the

information loop must benefit both program

compilation and subsequent use.
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(" Note: The registers have binary weightings - the numbers in the boxes are bit numbers, not weighted values.

Service Request
Enable Register

A

R

OSRE phs Nrf

NN

NN

RN

NN

BN

.

RN

STATUS BYTE
REGISTER

~

RQS
—
MSS

ESB

MAV

MES

Request for Service Bit
Master Status Summary Bit

Event

— Event Status Summary Bit

Message Available Bit

Measurement Event Status
Summary Bit

Status Enable Register

UESE phs Nrf

RN

A

R

AR

AN

A

—» UESE?

Standard-
'— |Defined Event
Status Register

PON

7

URQ

CME

6

EXE

DDE

QYE

RQC

OPC

o

J — » [ESR?

Command Error

Execution Error

Query Error

PowerOn <« |

Device Dependant Error

Operation Complete

User Request «— |

-

Request
Corlnrol
Not used
on 4950

Measurement Event
Status Enable Register

MESE phs Nrf

Measurement
—— | Event Status
Register

RAV

MOF

U-R

FHR

FLR

(=]

Reading Available <—

Bit Not Used -———

Mathematical Overflow <+———

Overload

Underrange

Frequency Higher than valid Range

Frequency Lower than valid Range

Bit Not Used

Fig. 5.3 - 4950 Status Reporting Structure

N\
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Standard-Defined and Device-Specific Features

In the 4950, the structure has been developed inEach bit in the two event status bytes remains in
three main register#ig. 5.3), as follows: false condition unless its assigned event occurs,
. The ‘Status Byte Register when its condition changestime. If an eventis

contains theStatus Byte’, which summarizes to be reported, its corresponding bit in the enable

the remainder of the structure. Bits 6-4 argyte_wil! already have peen seue by the
Standard-defined, but bits 3-0 and 7 argPPlication program, using the numbbirf

provided for the device designer to define. defined as a decimal numericfrom 0to 255inany
common format). Then when this event occurs

+ The ‘Event Status Register’ and changes its event bit frofaseto true, the
Defined by the standard, contains th&ént  appropriate summary bit in the Status Byte (ESB
Status Byte’, whose component bits reportor MES) is also set true. If this summary bit is also
Standard-defined types of events. Thignabled, then the 4950 will generate an SRQ by
register is summarized by bit 5 in the Statugausing the SRQ line on the system bus to be set
Byte (ESB). true (low).

Each bit in the Event Status Byte can report §hys the application programmer can decide
range of device-specific events. For these, thghich assigned events will generate an SRQ, by
Standard requires the device designer to notifynapling their event bits and then enabling the
the user of the events which will cause each Q{ppropriate summary bit(s) in the Status Byte. The
the bits to be set. Section 4, Appendix A listgontroller can be programmed to read the Status
the 4950-specific events associated with thgyte during a resulting serial poll, and be directed
CME, EXE and DDE bits. to the appropriate Event Register to discover
« The ‘Measurement Event Status Register’ which event was responsible for originating the
Up to five Device-Specific Event StatusSRQ. Only the Status Byte itself can be read
Registers or queues can be defined by tHaitwiseon to the DIO lines of the system bus, and
device designer, to be associated with théhen only by the serial poll to which special
available expansion summary bits 3-0 and 7 igonditions are attached.
the Status Byte. Each of the six bytes can be read by a suitable
In the 4950 only one register is defined, for théluery (STB? [ESR? or MESR? for the status and
‘Measurement Event Status Byte’ whose €vent bytes{SRE?,[ESE?, or MESE? for the
componenbits are device-specific (ie. to the enable bytes). The resultis presented as an ASCII
4950). It uses summary bit 0 in the Status Bytdecimal numeric which, when rounded and

(MES). expressed in binary, reproduces the bit pattern in
the register. This numeric form is also used to set
Access via the Application Program the enabling registers to the required bit-patterns.

The application designer has access to three enalpige detail of the data in each byte is related in the

registers (one for each main registdfig. 5.3.  following paragraphs, and in the command
The application program can enable or disable amyescriptions.

individual bit in these registers.
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Types of Status Information Available
Three main categories of information are provided for the controller:

Status Summary Information

Contained within the ‘Status Register’, the ‘Statusias occurred. Four bits are employed in the 4950;
Byte' (STB) consists of flag bits which direct thethese are described in detail later, but two (‘ESB’
controller’'s attention to the type of event whichand ‘MES’) appear in the following paragraphs.

Standard-defined events: Measurement events:
¢ Power On -the instrument line power has been When the instrument has been commanded to
switched on and the associated operational take a reading; the reading has been taken and

selftest has been completed successfully. is available to be read.
¢ User Request - the ‘SRQ’ key on the front Mathematical Overflow
panel has been pressed. ¢ Overload

e Command Error - a received bus commanel Underrange
does not satisfy the syntax rules programmed Input frequency higher than the valid range
into the instrument interface’s parser, and sois Input frequency lower than the valid range

EOt rec_ogméed as a valid _cm:mand. dh These events are flagged in another 8-bit latched
xecution Error - a received comman a?egister, called the ‘Measurement Event Status

been sudccegsfully ﬁarsed, blut It cannot bcfegister' (MESR), which is read-accessible by the
executed owing to the currently-programmed ;g jier. The user's application program can

condmon of the instrument. . Iso access its associated enabling register, to
. Dewce—DependentError—areportablemterni

. . rogram the events which will be eligible to
opera‘ung fault has been detected. This may tivate the MES summary bit in the Status Byte.
failure of a self-test.

e Query Error - the controller is following an
inappropriate message exchange protocol, id Note about Queues
attempting to read data from the output queud.he MAV bit in the Status Byte summarizes the

¢ Request Control - provided for devices whichOutput Queue. The CME, EXE and DDE bits in
are able to assume the role of controller. Thithe Standard-Defined Event Status Byte) are
capability is not available in the 4950. associated with their own queues of events. These

e Operation Complete - initiated by a messagare all 'historical' (Last In - First Out) stacks to aid
from the controller, indicates that the 4950 hadiagnosis of errors, and when the queue stack is
completed all selected pending operations. full the eldest entries are discarded.

These events are flagged in the 8-bit latcheld is good practice to program the application to
‘Event Status Register’ (ESR), read-accessible ngad any queue as soon as its associated or
the controller. The user’s application program casummary bit is set true, particularly the error bits,
also access its associated enabling register, atherwise the original cause of the error can be
program the events which will be eligible todiscarded as subsequelgpendenerrors fill up
activate the ESB summary bit in the Status Bytdhe stack.
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4950 Status Reporting - Detail

IEEE 488.1 Model 4950 Model Structure
Provides for two major forms of status reportingThe IEEE 488.2 Standard provides for a more

extensive hierarchical structure with the Status

controller, to generate status responses whi t_e at the apex, deflr_ung |tfsstt)|tsd4, :da?_d 6dand
have been previously programmed into th&N€lr use as summaries of Handaredefine

device to represent specific device conditionseve.nt gtructurt_e whicmust be mc_:luded, if the
device is to claim conformance with the Standard.

Serial-polling of devices on the bus followingThe 4950 employs these bits as defined in the
a Service Request (the device pulling the SR@tandard.

line true).

Device-specific commands from the

_ o _Bits 0, 1,2and 3 and 7 of the Status Byte are made
The device antICIpates that the controller W|”avai|ab|e to the device designer, to act as
conduct a serial poll of devices on the bus as&ymmaries oflevicespecific events. In the 4950,

result of the SRQ. So as it issues the SRQ, dinly bit 0 is necessary in order to summarize its
sets up a 'Status Byte' for the controller to reagievice-specific events.

If the controller is programmed to conduct 8t must be recognized by the application

serial poll to identify the source of the SRQ,programmer that whenever the controller reads the
and subsequently read the ‘Status Byte', thetatus Byte, it can only receive summaries of types
number represented by the byte can bgf events, and further query messages are
interpreted as an event message. SuG{ecessary to dig deeper into the detailed

numbers are previously coded into the device'mformation relating to the events themselves.
firmware to represent specific device h further b q q h
conditions, and application programmers arg us two further bytes are used to expand on the

thus able to program alarms or other actions gummaries at bits 0 and 5 of the Status Byte.

occur when such messages are received by the
controller.

IEEE 488.2 Model

This incorporates the two aspects of the IEEE
488.1 model into an extended structure with more
definite rules. These rules invoke the use of
standard ‘Common’ messages and provide for
device-dependent messages. A feature of the
structure is the use of ‘Event’ registers, each with

its own enabling register as illustratedig. 5.3
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Status Byte Register

In this structure the Status Byte is held in th&it5 (DIO6) IEEE 488.2-defined Standard
‘Status Byte Register’; the bits being allocated in Event Summary Bit (ESB)

the 4950 as follows: This summarizes the state of the ‘Event Status

. . . byte’, held in the ‘Event Status register’ (ESR),
Bit0 (DIO1)  Device-specific Measurementwhose bits represent IEEE 488.2-defined
Event Summary Bit (MES) conditions in the device. The ESB bitrisewhen
This summarizes the byte held in a Device-definethe byte in the ESR contains one or more enabled
‘Measurement Event Status Register’ (MESR)bits which ardrue; or falsewhen all the enabled
whose bits represent reportable conditions in thats in the byte arialse The byte, the Event Status
device. In the 4950 these are overload, matRegister and its enabling register are defined by
overflow, reading available, underrange, andhe IEEE 488.1 Standard; they are described later.
input frequency outside the valid range. The MES
bitistruewhen the byte in the MESR contains onaBit 6 (DIO7) This bit has a dual purpose:

or more enabled b_|ts Wh'Ch dree; orfalsewhen When the controller is conducting a serial poll (as
all the enabled bits in the byte_aﬁaisc_a The . aresult of receiving a Service Request viathe SRQ
Measurement Event Statu; Register, its enabllqgle), the 4950 is placed into ‘serial poll active
register and byte are described later. state’ and bit 6 is the Request Service Message
(RQS hit). If the 4950 had been the device which
originated the SRQ, its output control will set the
DIO 7 line (bit 6’s channelirue, but if not, then
. , DIO 7 is seffalse By reading the Status Byte
Bit4 (DIOS) lEE,E 488._2—def|ned Messagebitwise the controller identifies the device which
Available Bit (MAV) originated the SRQ; and in the case of it being the
The MAV bit helps to synchronize information 4950, also receives any enabled summary bits to
exchange with the controller. Ittisie when the allow further investigation of the originating
4950 message exchange interface is ready éwent.
accept a request from the controller to starf
outputting bytes from the Output Queuefalse
when the Output Queue is empty.

Bits 1(D102),2 (DIO3) and3 (DIO4) are not used
in the 4950 status byte. They are alwkse

the controller reads the Status Byte using the

common queny5TB?, then bit 6 is the Master

Status Summary Message (MSS bit), and is set

The common commandCLS can clear the Output true if one of the bits 0 to 4 or bit 5 isue (bits 1

Queue, and the MAV bit 4 of the Status Byteo 3 are alwayfalsein the 4950).

Register; providing it is sent immediately

following a 'Program Message Terminator'. Bit 7 (D108) is not used in the 4950 status byte. It
is alwaysfalse
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Service Request Enable Register

Reading the Status Byte Register The SRE register is a means for the application

There are two ways of reading the Status Bytprogram to select those types of events which are

register: by serial poll or by common queéBTB? to cause the 4950 to originate an SRQ, by enabling
individual Status Byte summary bits. The register

Serial Poll contains a user-modifiable image of the Status

When the controller conducts a serial poll, th&yte, whereby eaclrue bit acts to enable its

4950 is placed into ‘serial poll active state’ by thecorresponding bit in the Status Byte.

IEEE 488.1 command SPE, and is addressed as a

talker. The enabled contents of the Status Bygit Selector: (5RE phs Nrf

register are transferred in binary form into therpe program comman@SREphs Nrf performs
4950 1/0 control, which sets the RQS bttéeif  {he selection, whereNrf is a decimal numeric,

the 4950 had originated the preceding SRQ, Qfhich when decoded into binary produces the
falseif it had not. The binary values of bits 1, 2, %equired bit-pattern in the enabling byte.
and 7 are always zero. The resulting byte is placed

in binary onto the system bus on the correspondirfg’ €xample: _

DIO 8-1 lines. When the serial poll is disabled by  If @1 SRQ is required only when a Standard-
the command SPD, the 4950 enters ‘serial poll defined event occurs and when a message is
inactive state’, and the 1/O control relinquishes 2vailable in the output queue, thirf should

control of RQS bit 6 on the DIO 7 line. be setto 48. The binary decode is 00110000 so
bit 4 or bit 5, whertrue, will generate an SRQ;
[(5TB? but even when bit 0 or bit 6tisie, no SRQ will

The common query[BTB’) reads the binary result. The 4950 alWayS sets the Status Byte
number in the Status Byte register. The response DPits 1, 2, 3 and 7alse so they can never

is in the form of a decimal number whichisthe sum  ©riginate an SRQ whether enabled or not.

of the binary weighted values in the enabled bits of

the register. In the 4950, the binary-weighted®€ading the Service Request Enable Register
values of bits 1, 2, 3 and 7 are always zero. ThEN€ common queryLSRE? reads the binary
query (BTB? is provided mainly for controllers number in the SRE register. The response isinthe
with no serial poll capability, and for those userdorm of a decimal number which is the sum of the

who are using the device interface for RS232-typinary-weighted values in the register. The
communication. binary-weighted values of bits 1, 2, 3 and 7 are

always zero.
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IEEE 488.2-defined Event Status Register

The ‘Event Status Register’ holds the Event Statwerror occurs. The queue is read destructively as a
Byte, consisting of event bits, each of whichLast In First Out stack, using the query command
directs attention to particular information. All bitsDDQ? to obtain a code number. The DDE bitis not
are ‘sticky’; ie. oncdrue, cannot return téalse a summary of the contents of the queue, but is set
until the register is cleared. This occursor confirmedrue concurrent with each error as it
automatically when itis read by the queSR?. occurs; and once cleared BESR? will remain
The common commandCLS clears the Event falseuntil another error occurs. The query DDQ?
Status Register and associated error queues, lmaih be used to read all the errors in the queue until
not the Event Status Enable Register. The bits aiteis empty, when the code number zero will be
named in mnemonic form as follows: returned.

BitO0 Operation Complete (OPC) The common commandCLS clears the queue.
This bitistrueonly if COPC has been programmedBit 4 Execution Error (EXE)

andall selected pending operations are complet(;x” execution error is generated if the received

AS _th? 4950 °Pefates. in serial mode, !ts usefulneggmmand cannot be executed, owing to the device
'S l'm't.ed 0 re%lsterlngi]f the completion of Iongstate or the command parameter being out of
operations, such as seli-test. bounds. Each reportable execution error has been
given a listed number, which is appended to an
o X . associated queue as the error occurs. The queue is
This bit would betrue if the device was ablg 0 read destructively as a Last In First Out stack,
assume the role of controllemdwas requesting using the query command EXQ?. The EXE bit is
that control be transferred to it from the Cu"enﬁotasummary of the contents of the queue, but is
controller. _Thi.s capability is not available in theassertetfueas each error occurs: and once cleared
4950, so bit 1 is alwayalse by CESR? will remainfalse until another error
occurs. The query EXQ? can be usedtoread allthe

Bit 2 ngré/_ Error (SYE) is bei derrors in the queue until it is empty, when the code
QYE true indicates that an attempt is being ma Rumber zero will be returned.

to read data from the output queue when no output
is present or pending, or data in the output queddle common commaridCLS clears the queue.
has been lost. The Standard document defines the

conditions under which a query error is generate@it 5 Command Error (CME)
as a result of the controller failing to follow the CME occurs when a received bus command does

Bit1 Request Control (RQC)

message exchange protocoL not SatiSfy the IEEE 488.2 generic SyntaX or the
device command syntax programmed into the
Bit 3 Device Dependent Error (DDE) instrument interface’s parser, and so is not

DDE is setruewhen an internal operating fault is *ecognized as a valid command. Each reportable
detected, for instance during a self test. Eac®xecution error has been given a listed number,

reportable error has been given a listed numbethich is appended to an associated queue as the
which is appended to an associated queue as @&0r occurs. The queue is read destructively as a
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Last In First Out stack, using the query commanthe Service Request Enabling register biti; a
CMQ?. The CME bit is not a summary of thechange from Power Off to Power On generates an
contents of the queue, but is assettedas each SRQ. This is only possible because the enabling
error occurs; and once cleared BSR? will register conditions are held in non-volatile
remainfalseuntil another error occurs. The querymemory, and restored at power on.

CMQ? ca_n_b_e used to read all the errors in thFhis facility is included to allow the application
queue untilitis empty, when the code number Zer;f)"rogram to set up conditions so that a momentary
will be returned. Power Off followed by reversion to Power On
The common commandCLS clears the queue. (which could upsetthe 4950 programming) will be
reported by SRQ. To achieve this, the Event Status
Bit 6 User Request (URQ) register bit 7 must be set permaneritlye (by
This bit is setrue by the action of pressing the CESEphs Nrf whereNrf = 128); the Status Byte
front panel SRQ key. If the URQ bit and the ESHEnable register bit 5 must be set permanenily
bit are enabled, an SRQ is generated and the SRy command 5RE phs Nrf whereNrf > 32);
legend on the main display lights. During aPower On Status Clear must be disabled f§C
subsequent serial poll the controller reads thghs Nrf whereNrf = 0); and the Event Status
Status Byte, the RQS bit in the /O control isregister must be read destructively immediately
destroyed, and the front panel legend i$ollowing the Power On SRQ (by the common
extinguished. The ESB and URQ bitsrentaie, query[ESR?).
returning tdalsewhen the controller destructively
reads the Event Status registefBgR?, or clears Standard Event Status Enable Register

status by CLS. The ESE register is a means for the application

. program to select, from the positions of the bits in
B't.7 .4950 Power Supply On (P_ON) the standard-defined Event Status Byte, those
Th's bit is setrge only when the Line Power has events which whettuewill set the ESB bitruein
Just been switched on to the 4950, and thfhe Status Byte. It contains a user-modifiable
subsequent Operational Selftest has be H1age of the standard Event Status Byte, whereby

cpmpleted successfully_(n‘ unsuccegsful, the DD't:aacrtrue bit acts to enable its corresponding bit in
bit 3 is set true, generating an SRQ if its enable bﬂﬁe standard Event Status Byte
is also set true). Whether this generates an SRQ or '

not is dependent on the decimal numeric value

previously programmed as part of the ‘Power On

Status Clear’ messagPSCphs Nrf If Nrfwas 1,

the Event Status Enable register would have been

cleared at power on, so PON would not generate

the ESB bitin the Status Byte register, and no SRQ

would occur at power on. For ainf of zero,and

the Event Status Enabling register bitie, and Continued Overleaf —
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Standard Event Status Enable Register (Contd.)

Bit Selector: CESE phs Nrf

The program commandESEphs Nrf performs decode is 00011000 so bit 3 or bit 4, wireme,
the selection, whereNrf is a decimal numeric, will set the ESB bitrue; but when only bits 0-
which when decoded into binary, produces the 2, or5-7 ar¢rue, the ESB bit will remaifalse

required bit-pattern in the enabling byte. Reading the Standard Event Enable Register

For example: The common queryfESE? reads the binary
If the ESB bit is required to be setie only  number in the ESE register. The response is in the
when an execution or device-dependent errdorm of a decimal number which is the sum of the
occurs, theNrf should be setto 24. The binarybinary-weighted values in the register.

Measurement Event Status Register

In this structure a ‘Measurement Event StatuBit 3 Underload (U-L)

Register’ holds the Measurement Event StatuBit 3 is assertettue whenever an input signal has
Byte, consisting of event bits, specific to the 4950a value smaller than the selected measurement
All bits are ‘sticky’; ie. oncdrue, can return to band lower limit. The value recalled by the query:
false only when the register is cleared. ThisRDG? is+200.0000E+33.

register is automatically cleared when it is read bﬁit 4 Overload (O-L)

the query: MESR?. The common commabtiS Bit 4 is assertettue whenever an input signal has

clears the Measurement Event Status Register bé’tvalue greater than the selected measurement
not the Measurement Event Status EnablSand upper limit. The value recalled by the query:

Register. . _ RDG? is+200.0000E+33,
Each of the bits is named in mnemonic form; they
are described below: Bit5 Mathematical Overflow (MOF)
Bit 5 is assertettue whenever the modulus of the
Bit 0 Bit 0 is not allocated. result of an internal math calculation has a value

. . which is too large to be represented. The value
Bit 1 Frequency Lower than Valid Range (FLR) o 1) 1ed by the query: RDG?4200.0000E+33,
Bit 1 is assertettuein ACV or ACI whenever an

AC input signal has a frequency below the selectdit 6 Bit 6 is not allocated.
frequency band lower limit. The value recalled bygjt 7 Reading Available (RAV).

the query: RDG? i$200.0000E+33. Bit 7 is assertedrue whenever the result of a
Bit2 Frequency Higher than Valid Rangereading is available (when the A-D cycle is
(FHR) completed). If command RDG? is sent, the result

Bit 2 is assertettuein ACV or ACI whenever an Will be placed in the output queue.
AC input signal has a frequency above the selected

frequency band upper limit. The value recalled by

the query: RDG? i$200.0000E+33.
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Measurement Event Status

Enable Register

The application program uses the MESE register
to select, from the positions of the bits in the
Measurement Event Status Byte, those events
which whertruewill assert the MES bituein the
Status Byte. It contains a user-modifiable image
of the Measurement Event Status Byte, whereby
eachtrue bit acts to enable its corresponding bit in
the Measurement Event Status Byte.

Bit Selector: MESE phs Nrf

The program command: MESihs Nrfperforms
the selection, wher&lrf is a decimal numeric,
which when decoded into binary, produces the
required bit-pattern in the enabling byte.

For example:
If the MES bit is required to be asserteage
only when the frequency is higher or lower
than its valid band, then the value\sf should
be setto 6. The binary decode is 00000110 so
bit 1 or bit 2, whertrue, will assert the MES bit
true; but when only bits 0 or 3-7 ateue, the
MES bit will not be asserted.

Reading the

Measurement Event Status Enable Register

The device-specific query: MESE? reads the
binary number in the MESE register. The

response is in the form of a decimal number which
is the sum of the binary-weighted values in the
register. The binary-weighted values of bits 0 and
6 are always zero.
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4950 COMMANDS AND QUERIES - Syntax Diagrams
MEASUREMENT DEFINITION - MAJOR FUNCTIONS

DC Voltage

N.B. The number of readings to be taken in each DCV measurement sample, and hence the measurement
resolution, depend on the current'Accuracy’ setting. This must be setto 'High' or 'Low" asbefmiecd

the Trigger command is sent. Refer to "Calculations and Facilities' on the opposite page

PCENT_0

E PCENT_100 l
PCENT_190

LCL_GUARD J
REM_GUARD

Nrf is a decimal numeric value. Measurement Band Limits -
It is intended to represent the most relevant rand&rror Messages
for the expected input signal. Itis recommendegJpper Limit -

that Nrf be given the nominal full range value. If the magnitude of a measured signal is greater

The Nrf limits for range selection are shown in théhan the selected measurement band upper limit,

list below. then the message 'Error OL' appears on the main
0 < |Nrf| < 0.199999999 100mV display of the front panel. A relevant query
range command (e.g. RDG?) invokes the ‘invalid number
0.2 < |Nrf| < 1.99999999 1V range response’ and the 'O-L' bit 4 is set in the
2.0 < |Nrf] £ 19.9999999 10V range Measurement Event Status Register.
20 < |Nrf] £ 199.999999 100V range L
200 < iNrfI 1000V ragge Lower Limit : o
If the magnitude of a measured signal is less than
Measurement Band Selection the selected measurement band lower limit, then

'Error UL" appears on the main display of the front

PCENT_O.  selects theero (0%) band: panel. A relevant query command (e.g. RDG?)
OV £10% FR (15% on 100mV range). invokes the ‘invalid number response’ and the 'U-
PCENT_10Q selects thefull range (100%) L' bit 3 is set in the Measurement Event Status

band: Register.
Nominal +10% (15% on 100mV range).
PCENT 190 selects thadigh (190%) Partial Execution
measurement band on the 10V For errors occurring in data elements within bypass
Range only: routes (e.g. Guard controls) the command will be
+18V to +19.5V and -19.5 to -18V executed up to the start point of the bypass.

5-28



Section 5 - Remote Commands and Queries

Optional Selection - Guard Connection

LCL_GUARD : selects Local Guard.
REM_GUARD: selects Remote Guard.

Calculations and Facilities

When in DCV ranges, the following facilities are

available:
ACCURACY:

ZERO?:

DEVTN?:

Measurement Samples
DCV measurements do not consist only of singlexit from DCV Function

Referto'Measurement Samplesieselection of the range.
and 'Measurement Resolution’Note: In remote operation, the saved ba

below; and tdPage 5-39

Refer to 'Input Zero' below; andspecify the required band when changing rang®AM, then applies it in all subsequent
to Page 5-44

Refer tcPage 5-48

Recall of Measured Value Input Zero: ZERO? Command (page 5-44)

The RDG? query (page 5-46) recalls the value aVheninany DCV range, in the zero band and with

the measurement (the arithmetic mean of the mod#igh Accuracy selected, the ZERO? command

recent sample of readings). can be used to initiate an input zero measurement.
The analog zero input must be applied externally.

_I?re]mge C_hangMe within DCV Fténcu;)n 4G The input zero measurement is carried out under
Ie active easure(rjner;]t and an gargne same conditions of resolution and sample size
selections are saved, then re-activated Ofy o function/range in which it is commanded.

n(;I’he resulting error derives an offset correction.

selection will be overwritten as it is mandatory tolhe 4950 saves the correction in non-volatile

This 'save' facility is included only for local measurements made onthe same DCV range, until
operation where itis more intuitive and efficient tdt is again measured on that range by another
select range and band separately. ZERO? command.

This facility can be used to nullify the effects of
input source offsets up to the limits of the zero

readings. Each ‘Measurement' derives from fhe active Range, Band and Guard selections asgnd (a total af10% of the nominal range value).

single trigger, which generates a number of internahyved on exit and re-activated on re-entry.
A-D conversions (sample) forthe same input. The

measurement result is the arithmetic mean of thgeyersion from Remote to Local
sample. The sample size is determined by thgo Change.

Range and Accuracy selections as follows:

Execution Errors

Range Sample Size 1026 lllegal band selection.
(Low Acc.) (High Acc.)
100mv 4 128 Power On and Reset Conditions
1V-1000V 4 64 DCV Active (Internal State)

Time should be allowed for these readings to be :Zgge Zlgr%o
taken, after sending the trigger to start the sample. Guard Local
Measurement Resolution Mode High Accuracy
The resolution of the measurement is determined Trigger External
by the selected range and accuracy as follows:
Low Accuracy selected: 6.5 digits.
High Accuracy selected: 7.5 digits.
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MEASUREMENT DEFINITION - MAJOR FUNCTIONS (Contd.)

AC Voltage

N.B. The number of readings to be taken in each ACV measurement sample, and hence the measurement resolution, depent! Aodheacytsaiting.
This must be set to 'High' or 'Low' as requibedorethe Trigger command is sent. Refer to "Calculations and Facilities' on the opposite page

The following commands are used to select ACV function along with its associated configuration.

FREQ_fc ‘. PCENT_100
PCENT_190

=l

LCL_GUARD

REM_GUARD

Nrf is a decimal numeric value, representing thévailable Frequency Range/Band Combinations

most relevant range for the expected input signglrreq. |
It is recommended that Nrf be given the noming|Band AC Voltage Range
full range value. The Nrflimits for range selectior?ce(”l_tfz’; 1mv* 11omv# | 100mve! 1v | 10v | 100v | 1kv
are shown in the list below.
10 O O O |o0| o] o|oD
0 < |Nrfl] £ 0.0019999 1mV range 20 O O O ol ol ol o
0.002 < |Nrf| £ 0.0199999 10mV range
0.02 < :Nrfl < 0.1999999 100mV ragge 0180181 01001810
0.2 < |Nrf| < 1.999999 1V range 40 | O] O O 0101810
2 < |Nrf| £ 19.99999 10V range 5 | O] O o /o o,go]d0
20 < |Nrf| < 199.9999 100V range 300° | O] O o |6 0], 0]0
200 < |Nrf| 1000V range 1k d d d g o, o]0
10k | O O O |0l o] oD
Frequency Band Selection - FREQ_ fc 20k O O O ol ol ol o
FREQ fcselects the frequency band, whose limitg 30k | 0 | O o jo,ogjojao
lie at+10% of its center frequencfcHz. The [ 5%k | O | O o oy ojoje
characters to be used forare shown in the table: 100'; o] O O o opoje
Frequency Band Availability (for PCENT_100) zggk 0 0 0 ol 0 =
The table shows the allocation of frequency bands o, T 0 0 ol 0
to ranges (for th&ull Range measurement band [, 0 0 0 ol o

only).

Frequency Band Availability (for PCENT_190)
The10V rangelK band is the only frequency band
available for the optionaHigh (PCENT_190
Measurement Band.

¥ Theb55Hzand 300Hz Frequency bands are extended
to include prominentline power frequencies of 50Hz,
60Hz and 400Hz.

50kHz & 100kHz bands at 700V, not 1kV.

For the millivolt ranges, in all frequency bands:
voltage measurement bands are +15%, not +10%.

L2

Refer to Section 4, page 4-10.

Frequency Band Limits - Error Messages

Higher Limit :

If the measured frequency of a signal exceeds the
selected frequency band higher limit, then the
message 'Error HF' appears on the main display of
the front panel. A relevant query command (e.g.
FREQ?) invokes the ‘invalid number response’,
andthe 'FHR'bit 2 is setin the Measurement Event
Status Register.

Lower Limit :

If the frequency of a measured signal is less than
the selected frequency band lower limit, then

'Error LF" appears on the main display of the front
panel. A relevant query command (e.g. FREQ?)
invokes the ‘invalid number response’, and the

'FLR' bit 1 is set in the Measurement Event Status
Register.

Linked Error Reporting
The frequencyis also reported as invalid if the
signalvoltageis outside the fixed band limits.

Partial Execution

For errors occurring in data elements within bypass
routes (e.g. Guard controls) the command will be
executed up to the start point of the bypass.
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Optional Selection - Measurement
Bands

PCENT_10Q selects thé-ull Range band.
Nominal £ 10% (15% on millivolt ranges).

PCENT_19Q selects thd90% band if on10V
Rangeonly.

Bandspan: 18Vt019.5V (19V; +5%FR, -10%FR).

Optional Selection - Recall of Measured Value

Two Wire or Four Wire Connection The RDG? commangage 5-46)ecalls the value
TWR: connects the measurement terminals foof the measurement.

two-wire measurement. For TWR to be

accepted, the voltage range must be 1\@ther Conditions

or 10V, and the frequency band must b??ange Change within ACV Function
higher than 100kHz. The active Band and Guard selections are saved

This selection causes the instrument to revert 8WR: connects the measurement terminals faaind restored where appropriate.

the 1kHz frequency band.

No Selection If the measurement band data
element is omitted (as shown by the bypass), then

the instrument reverts to tiR@ll Range band.

Measurement Band Limits -
Error Messages

Upper Limit :

If the magnitude of a signal exceeds the selecte
measurement band upper limit, then the message Page 5-39

four-wire measurement. This is theNote: In remote operation, the saved band
default following any change to the selection will be overwritten as it is mandatory to

measurement band. specify the required band when changing range.
. o This 'save' facility is included only for local
Calculations and Facilities operation where itis more intuitive and efficient to
When in ACV ranges, the following facilities areS€lect range and band separately.
available: Exit from ACV Function

ACCURACY: Refer to 'Measurement Samples' T he active Range, Band and Guard selections are
d and 'Measurement Resolution' below; and tgs@ved on exit and restored on reselection of ACV

function.

'Error OL' appears on the main display of the frony gy TN?. Refer tcPage 5-48 Reversion from Remote to Local

panel. A relevant query command (e.g. RDG?
invokes the ‘invalid number response’; the 'O-L
bit 4 is set in the Measurement Event Status

R/I No Change.
easurement Samples

CV measurements do not consist only of singl&Execution Errors .
readings. Each 'Measurement' derives from 026 lllegal band selection.

Reg|ster.. ) single trigger, which generates a number of intern@ower On and Reset Conditions
Lower Limit : _ _ A-D conversions (sample) for the same input. The ACV Function Inactive
If the magnitude of a signal is below the selectefeasurement result is the arithmetic mean of the Range 1000
measurement band lower limit, then 'Error ULsample. The sample size is determined by the Frequency Band  1kHz
appears on the main display of the front panel. fange and Accuracy selections as follows: Guard Local
relevant query command (e.g. RDG?) invokes the i Mode High Accuracy
‘invalid number response’, and the 'U-R' bit 3is  Accuracy Range  Sample Size Trigger External
set in the Measurement Event Status Register. High All Ranges 8

Low All Ranges 1

Optional Selection - Guard Connections Time should be allowed for these readings to be

LCL_GUARD : selects Local Guard. taken, after sending the trigger to start the sample.

REM_GUARD: selects Remote Guard. Measurement Resolution

The resolution of the measurement is determindd Range Resolution (digits)

by the selected range and accuracy as shownonthe (Low Acc.) (High Acc.)

table in the next column mv 45 55
10mV-1000V 55 6.5
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MEASUREMENT DEFINITION - MAJOR FUNCTIONS (Contd.)

Resistance

N.B. The number of readings to be taken in each Ohms measurement sample, and hence the measurement resolution, depentfacthacylsetting.
This must be set to 'High' or 'Low' as requibedorethe Trigger command is sent. Refer to "Calculations and Facilities' on the opposite page
The following commands are used to select Ohms function along with its associated configuration.

Nrf is a decimal numeric value. Error Messages
It is intended to represent the expected signal amplitude, soi}%:
13

he i il h | it asurement Band Limits
the instrumentwillgo to the mostrelevantrange. [tisrecommen e magnitude of a measured signal is not within the selected measurement band limits,
that Nrf be given the nominal full range value.

then an error message appears on the main display of the front panel. A relevant query
The Nrf limits for range selection are shown in the list below: command (e.g. RDG?) invokes the ‘invalid number response’, and the relevant bit is set

2 < Nrf| < 19.9999999 10Q range in the Measurement Event Status Register. This is summarized as follows:
20 < |Nrf| < 199.999999 100Q range Input Signal Main Display MESR Bit Set
200 < |Nrf] £ 1999.99999 1kQ range Magnitude Indication
2000 < |Nrf| = 19999.9999 10kQ range o .
20000 < |Nrf| < 199999.999 100kQ range Greater than Upper Limit Error OL Bit 4 (O-L)
200000 < |Nrfl < 1999999.99 1MQ range Smaller than Lower Limit Error UL Bit 3 (U-L)

2000000 < |Nrfl < 19999999.9 10MQ range

20000000 < |Nrf| < 199999999  100MQ range Partial Execution

For errors occurring in data elements within bypass routes (e.g. Guard controls) the

Measurement Band Selection command will be executed up to the start point of the bypass.
PCENT_O:  selects theero band: @10 +10%FR.  optional Selection - Two Wire or Four Wire Connection
PCENT_10 selects the band &0% of nominal (1@ Range ) )

only): 0.1 x FR+ 10%FR. TWR: connects the measurement terminals for two-wire measurement. For TWR to
PCENT 30 selects the band 20% of nominal: be accepted, the lead serial no. must have been entered. Rdgetb-54

- 0.3 x FR+ 10%FR. FWR: connects the measurement terminals for four-wire measurement.

PCENT_10Q selects théull range band: FR+ 10%FR. ] ] .
PCENT_190Q selects the band 280% of nominal (Not 100~ Optional Selection - Guard Connection

Range): 1.9xFR -10%FR, +5%FR.L.CL_GUARD: selects Local Guard.

REM_GUARD: selects Remote Guard.
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Calculations and Facilities Recall of Measured Value Input Zero: ZERO? Command (page 5-44)
When in Ohms ranges, the following facilities aréThe RDG? commangage 5-46Jecalls the value When in any Ohms range, in the zero band and
available: of the measurement (the arithmetic mean of theith High Accuracy selected, the ZERO?
ACCURACY: Referto‘MeasurementSamplesmOSt'recem sample of readings). command can be used to initiate an input zero
and 'Measurement Resolution’ measurement. The analog zero input must be
Range Change within Ohms Function applied externally.

below; and tdPage 5-39 X

ZERO?: Refer to 'Input Zero' opposite;The "?‘C“Ve Measurement Band and Guar_qlhe input zero measurement is carried out under
and toPage 5-44 selections are saved, then restored on reselect% same conditions of resolution and sample size

DEVTN?: Refer toPage 5-48 of the range. s the function/range in which it is commanded.

Ncite.t.ln rg;l”nbote oper.?ttlon, t?e savt(ajdtbarg he resulting error derives an offset correction.
Measurement Samples selection will be overwritten as it is mandatory to

Ohms measurements do not consist only of sing@?dfy the rqui_red.ba_nd when changing rangdhe 4950 saves the c_orrgction in non-volatle
readings. Each 'Measurement' derives from his 's_ave' faC|I_|ty IS mc_Iudgq only f°f _Iocal RAM, then applies it in all subsequent
single trigger, which generates a number of internQP€ration where itis more intuitive and efficient tgneasurements made on the same Ohms range,
A-D conversions (sample) for the same input. Thaelect range and band separately. until it is again measured on that range by another

. . . ZERO? command.
measurement result is the arithmetic mean of the . . . ) _
sample. The sample size is determined by t it from Ohms Function This facility can be used to nullify the effects of

and Guard are saved on exit and restored on figand (a total af10% of the nominal range value).

Range Sample Size entry.
(Low Acc.) (High Acc.) )
100 2 128 Reversion from Remote to Local
100Q-1MQ 4 64 No Change.
10MQ & 100MQ 4 128

Execution Errors

. . 1026 lllegal band selection.
Time should be allowed for these readings to bf032 2wgohms selection requires lead serial

taken, after sending the trigger to start the sample. number.

Measurement Resolution 1033 Lead serial number incorrect.
The resolution of the measurement is determined
by the selected range and accuracy as follows: Power On and Reset Conditions

Low Accuracy selected: 6.5 digits. Ohms Not Active (DCV Active)
High Accuracy selected: 7.5 digits. Range 10MND

Band Zero

Guard Local

Mode High Accuracy

Trigger External
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MEASUREMENT DEFINITION - MAJOR FUNCTIONS (Contd.)

DC Current

N.B. The number of readings to be taken in each DCI measurement sample, and hence the measurement
resolution, depend on the selected 'Accuracy'. This must be set to 'High' or 'Low" as bexfaretde

Trigger command is sent. Refer to "Calculations and Facilities' on the opposite page

The following commands are used to select DCI function along with its associated configuration.

(] ‘_ PCENT_O _' QtLCL—GUARD _'
PCENT_100

Nrf is a decimal numeric value. Measurement Band Limits -

It is intended to represent the expected sign@rror Messages

amplitude, so that the instrument will go to th
most relevant range. Itis recommended that N[
be given the nominal full range value.

pper Limit :
the magnitude of a measured signal is greater
than the selected measurement band upper limit,
The Nrf limits for nominal range selection arethen the message 'Error OL' appears on the main
shown in the list below. display of the front panel. A relevant query
0.00002 < |Nrf| < 0.000199  100pA range command (e.g.RDG?)inyoke;the‘invaIid number
0.0002 < |Nrf| < 0.001999  1mA range response’; the 'O-L' bit4 is setin the Measurement

0.002 < |Nrf| < 0.019999  10mA range Event Status Register.
0.02 < |Nrf| < 0.199999  100mA

range Lower Limit :
0.2 < [Nff| < 1.999999 1A range If the magnitude of a measured signal |slle'.ss than
2 < |Nrf| < 19.99999  10A range the selected measurement band lower limit, then
Note that the 10A range cannot be selected unle§370r UL" appears on the main display of the front
the shunt serial number has been entered. ~ Panel. A relevant query command (e.g. RDG?)
Refer toPage 5-52 invokes the ‘invalid number response’; the 'U-R’
bit 3 is set in the Measurement Event Status
Measurement Band Selection Register.

PCENT_O: selects theero band:
0A £10% of Full Range. o o
PCENT_10Q selects théull range band: For errors occurring in data elements within bypass
- Nominal + 10%FR. routes (e.g. Guard controls) the command will be

executed up to the start point of the bypass.

Partial Execution
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Optional Selection - Guard Connection Recall of Measured Value Trigger External

LCL_GUARD : selects Local Guard. The RDG? commangage 5-46)ecalls the value Input Zero: ZERO? Command  (page 5-44)

REM_GUARD: selects Remote Guard. of the measurement (the arithmetic mean of thé/hen in any DCI range, in the zero band and with
most-recent sample of readings). High Accuracy selected, the ZERO? command

Calculations and Facilities can be used to initiate an input zero measurement.

When in DCI ranges, the following facilities are

Range Change within DCI Function The analog zero input must be applied externally.

available: -sl—glgc;lg;g/ZreMsZ?/zgr?rr::a?\nrtes?:rg?j oannrgesceill;itr'qhe input zero measurement is carried out under
ACCURACY: Referto’Measurement Samplesif the range. ' & same co_nd|t|ons of_ resoliutlo_n _and sample size
d'M t Resolution’ _ . s the function/range in which it is commanded.
an easuremen HHON Note: In remote operation, the saved ban he resulting error derives an offset correction
below; and td>age 5-39  selection will be overwritten as it is mandatory to o )
ZERO?: Refer to ‘Input Zero' opposite;specify the required band when changing rangdhe 4950 saves the correction in non-volatile
and toPage 5-44 This 'save' facility is included only for local RAM, then applies it in all subsequent
DEVTN?: Refer taPage 5-48 operation where itis more intuitive and efficient taneasurements made on the same DCl range, until
select range and band separately. it is again measured on that range by another
Measurement Samples ZERO? command.

DCI measurements do not consist only of singlexit from DCI Function

This facility can be used to nullify the effects of

readings. Each ‘Measurement' derives from fhe active Range, Band and Guard selections &gyt source offsets up to the limits of the zero

Single triggel’., which generates a numbef: Ofimemghved on exit and re-activated on re-entry. band (a total af10% of the nominal range Va]ue)_
A-D conversions (sample) for the same input. The

measurement result is the arithmetic mean of thgeyersion from Remote to Local
sample. The sample size is determined by thgo Change.
Range and Accuracy selections as follows:

Execution Errors

Range Sample Size 1026 lllegal band selection.
(Low Acc,) (High Acc.) 1027 Shunt serial number incorrect.
All Ranges - 32 1028 10Aselection requires shuntserial number.

Time should be allowed for these readings to bﬁower On and Reset Conditions

taken, after sending the trigger to start the sample.

DCI Not active (DCV active)
Measurement Resolution Range 1A
The resolution of the measurement is determined Band Zero
by the selected range and accuracy as follows:  Guard Local
Low Accuracy selected: 5.5 digits. Mode High Accuracy

High Accuracy selected: 6.5 digits.
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MEASUREMENT DEFINITION - MAJOR FUNCTIONS (Contd.)

AC Current

N.B. The number of readings to be taken in each ACI measurement sample, and hence the measurement resolution, deperetidAcoarseigctThis
must be set to 'High' or 'Low' as requiteforethe Trigger command is sent. Refer to "Calculations and Facilities' on the opposite page

The following commands are used to select ACI function along with its associated configuration.

CEY Y o

LCL_GUARD
REM_GUARD

4

Nrfis a decimal numeric valuewhich is intended-requency Band Selection - FREQ_ fc

torepresentthe expected RMS value of the appli

Frequency Band Limits - Error Messages

%EQ_fcseIects the frequency band, whose limit$ligher Limit :

signal, so that the instrument will go to the MOSfe at +10% of its center frequencicHz. The If the measured frequency of a signal exceeds the
characters to be used forare shown in the table. selected frequency band higher limit, then the
The Nrf spans for nominal range selection are a}§requency Band Availability

relevant range.

follows: The table shows the allocation of frequency banc}Qe front panel.
0.00002 < |Nrf| < 0.000199 100pA range to ranges. The starred boxes represent the o
0.0002 < [Nrf| < 0.001999  1mArange available range/frequency-band combinations:
0.002 < |Nrf| £ 0.019999 10mA range
0.02 < |Nrf] < 0.199999 100mA range Band
0.2 < |Nrf| < 1.999999  1Arange Center Range
2 < |Nrf| £ 19.99999 10A range Freq
fc (Hz) | 100pA | 1ImA |10mA |100mA | 1A | 10A
Note that the 10A range cannot be selected unlgssio a a a 0 0 0
the shunt serial number has been entered. 20 a a O 0 0 0
Refer toPage 5-52 30 | | | ] ] ]
40 O O O O O O
Measurement Band 55+ | d d ] ] ]
As there is only one measurement band (100% +390" | O U U U g | O
full range) there is no need for measurement bapd kK | U J J J o | 0
menus, and none are implemented. When ACIjs 3¢ | U J J J o | 0
selected, the 100% band limits are applied on giio | U J J J o | 0
ranges and frequency bands. 20k J J J - - -
30k O O O O o | —

* The 55Hz and 300Hz Frequency bands are extended
to include prominent line power frequencies of 50Hz,

60Hz and 400Hz. Refer to Section 4, page 4-23.

message 'Error HF' appears on the main display of
A relevant query command (e.g.
IﬁREQ?) invokes the ‘invalid number response’,
a}gd the 'FHR'bit 2 is setin the Measurement Event
Status Register.

Lower Limit :

If the frequency of a measured signal is less than
the selected frequency band lower limit, then

'Error LF" appears on the main display of the front
panel. A relevant query command (e.g. FREQ?)
invokes the ‘invalid number response’, and the

'FLR' bit 1 is set in the Measurement Event Status
Register.

Linked Error Reporting
The frequencyis also reported as invalid if the
signalcurrentis outside the fixed band limits.

Partial Execution

For errors occurring in data elements within bypass
routes (e.g. Guard controls) the command will be
executed up to the start point of the bypass.
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Optional Selection - Guard Connections Recall of Measured Value
LCL_GUARD : selects Local Guard. The RDG? commangage 5-46)ecalls the value
REM_GUARD: selects Remote Guard. of the measurement (the arithmetic mean of the

most-recent block of readings).
Calculations and Facilities

When in ACI ranges, the following facilities areOther Conditions
available: Range Change within ACI Function
ACCURACY: Refer to 'Measurement The active Band and Guard_ selections are saved
Samples' and 'Measurement and restored where apprqpnate.
Resolution’ below: and Bage Note: In remote operation, the saved band
selection will be overwritten as it is mandatory to

539 specify the required band when changing range.
DEVTN?. Page 5-48 This 'save' facility is included only for local
operation where itis more intuitive and efficient to
Measurement Samples select range and band separately.

ACI measurements do not consist only of single . .

readings. Each 'Measurement' derives from L:l;:'t from ACI Function .

single trigger, which generatesanumberofinternr;{—l e active R.ange, Band and Guard seI_ectlons are
A-D conversions (sample) for the same input. Th aveq on exit and restored on reselection of ACI
measurement result is the arithmetic mean of tHg"ction:

sample. The sample size is determined by tHeeversion from Remote to Local

Range and Accuracy selections as follows: No Change.
Accuracy Range  Sample Size Execution Errors
High All Ranges 8 1026 lllegal band selection.

1027 Shunt serial number incorrect.

1028 10A selectionrequires shuntserial number.
Time should be allowed for these readings to be

taken, after sending the trigger to start the samplg.ower On and Reset Conditions

Low All Ranges 1

ACI Function Inactive

Measurement Resolution Eange Band 1323

The resolution of the measurement is determined Greqt:jency an L IZ

by the selected range and accuracy as follows: uar oca
Mode High Accuracy

Range Resolution (digits) Trigger External
(Low Acc.) (High Acc.)
All Ranges 55 6.5
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4950 COMMANDS AND QUERIES - Syntax Diagrams (Contd.)
MEASUREMENT PARAMETERS AND RESULTS

Major Functions SRQ Setup

Five major function commands select the type dBefore the sample is triggered, any required SRQ

measurement to be carried out, which configureesponse must also be programmed. This is done
the instrument to measure either DC Voltage, A®y setting the condition of three enabling registers

Voltage, DC Current, AC Current or Resistancein the status reporting system.

Each function command also programs appropriateefer toPage 5-43.

parameters of range, measurementband, frequency

band (AC), 2/4-wire connection (Ohms) and guargh\ccess to Results

connection. Refer tpages 5-28 to 5-37 Once the results have been calculated and stored,
they can be accessed by query commands: the
Measurement Samples Arithmetic Mean by RDG? and the Quality by

Measurements do not consist only of singl®EVTN?. There is no data to read before the
readings. A single trigger initiates a numbemeasurement has been triggered and completed,
(sample) of internal A-D conversions for the samso these commands should not be sent until after
input, and the 'Measurement' is tAethmetic the first trigger after power-on. (A result will
Mean of the whole sample. The number ofalways be given, but this will depend in part on the
conversions taken in each sample (Sample Size)darrent state of the A-D cycle.).

determined not only by the requirEdnctionand Refer toPages 5-46 to 5-48

Range, but also by théccuracy Modeselection.

Refer toPage 5-39.

The quality of the measurement can also be
obtained. Refer tBage 5-48.

Triggers

The trigger can be derived frominternal or external

sources, but external triggers are preferred, to
prevent confusion due to asynchronous operation.

The source of trigger must obviously be set before
the sample is triggered. ReferRage 5-42.
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MEASUREMENT PARAMETERS

Accuracy Mode

The ACCURACY command is sent with one of optimizes the reading resolution to fit the level of
two parameters to select the Accuracy Modeccuracy. The meanings of the parameters LOW
which controls the number of readings in theand HIGH are self-evident. This command cannot
sample and hence the accuracies of the measutsziused when Calibration is enabled: all calibrations
mean and standard deviation. The Mode alagse High Accuracy Mode.

[ ooy I
HIGH

The table shows the specific effects on the instrument's functions and ranges.

Funct. Range Sample Size Resolution
(internal readings) (digits)
Low Acc. |[High Acc. [Low Acc. High Acc.
DCV 100mv 4 128 6.5 7.5
1V-1000V 4 64 6.5 7.5
ACV imVv 1* 8 4.5 5.5
10mV-1000V 1* 8 5.5 6.5
Ohms 10Q 4 128 6.5 7.5
100Q - 1IMQ 4 64 6.5 7.5
10MQ & 100MQ 4 128 6.5 7.5
DCI 100pA-10A 1* 32 5.5 6.5
ACI 100pA-10A 1* 8 5.5 6.5

*  for 'sample size' of 1 reading, the RDG? command presents the value of that

reading as the mean value of the sample. The DEVTN? command results in the
invalid response.

Execution Errors: Power On and Reset Conditions
None. The default condition is Low Accuracy.

Reversion from Remote to Local
No Change.
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MEASUREMENT PARAMETERS
Correction Selector

'Certified' Corrections

The 4950 is designed to be used to calibrate the If both of these sets of measurements verify

DCV, DCI, ACV, ACI and Resistance outputs of
calibrators which are situated remotely from

traceable standards. The 4950 is itself calibrated
against traceable standards, updating corrections
stored in the 4950's non-volatile calstores. These
'Certified' corrections carry the traceabilities of the

standards during the transfer.

'Base' Corrections

A second set of corrections is also held in norP-
volatile memory. 'Base' corrections are those

which were derived during original calibration at
manufacture, and are never updated.

They are provided only as an invariant reference

when verifying 'loop integrity'.

Loop Integrity

There are two basic scenarios for the use of the

4950 as a transfer standard:
a. 4950 Resident with Standards

The 4950 normally resides with the standards

to which it is calibrated for the transfer. In
order to verify loop integrity, the standards'

outputs are measured twice: once before being

shipped to the calibrator whichitis to calibrate;

and again after it returns from its transfer task.

within the 4950 specification; then loop
integrity has been maintained, and valid figures
are available to define the traceability of the
calibrated calibrator.

In this scenario, the 4950 will be calibrated to
the standards before shipment. So the 'Certified’
corrections can be used for both measurements
for the loop-integrity verification.

4950 Resident with Calibrator

In this case, the 4950 normally resides with the
calibrator which itis used to calibrate. In order
to verify loop integrity, thealibrator outputs
are measured twice: firstly before being shipped
to the standard for its own calibration; and
secondly after it returns but before it performs
its transfer task.

As partofthis transfer, the 'Certified' corrections
are updated to the standards between the two
loop-integrity measurements, so cannot be used
for both measurements. This is why the 'Base'
corrections have been provided. Because they
do not change, thegan be used for both
measurementsin the loop-integrity verification.
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— CORRECTN .T: J

CERTIFIED

CORRECTN BASE Execution Errors:
applies thBasecorrections to all measurements, 1034 Base selection invalid in Cal Mode.
foruse during loop integrity verification. Certified 1035 Cert selection invalid in Cal Mode.
corrections are not applied.
Reversion from Remote to Local
CORRECTN CERTIFIED No Change.
applies the Certified corrections to all
measurements. Base corrections are not applidgewer On and Reset Conditions
Certified corrections are applied.
Corrections in Calibration Mode
Entry to Calibration Mode enforces the application
of Certified corrections to all measurements.

When operating in Calibration Mode, neither Base
nor Cert corrections can be selected.

On exit from Calibration Mode, the certified
corrections which were enforced on entry will not
be cancelled on return to normal mode.
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MEASUREMENT PARAMETERS
Trigger Source Selector

Note: The use of internal triggers can produce unexpected results, due to the time required for the A-
D conversion, and the A-D triggers being unsynchronized with the IEEE 488 bus operations. The sample
triggercanbe derived from internal or external sources, but external triggers are preferred, to prevent
the confusion due to asynchronous operation.

—=| TRIG_SRCE .T INT
EXT

TRIG_SRCE INT Execution Errors:
generates internal triggers within 0.5 second aftétone.

completing the previous sample of measurements,. .rsion from Remote to Local
External trigger sources are disabled. No Change

T.RIG—SRCE EXT . Power On and Reset Conditions
disables internal triggers and enables c:ontrollelcrhe default condition is TRIG SRCE EXT
generated external trigger sources. These are: - '

. IEEE 488.1: GET command.
. IEEE 488.2: *TRG command.
Band Limits

Under normal circumstances, the 4950 is constrained to measure within narrow band limits of magnitude
and frequency imposed on each 'nominal' measurement point. This command permits the 4950 to
measure outside these limits without generating the normal error message.

Band Limits off should be used with extreme caution.

— BAND .T.phs OFF
ON

BAND OFF Execution Errors:
measurements can be made outside band limikne.
without generating the normal error message. Reversion from Remote to Local

BAND ON No Change.
attempts to measure outside band limits W”I:’ower On and Reset Conditions

generate the normal error message. The default condition is BAND ON.
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MEASUREMENT DEFINITION - SRQ GENERATION

SRQ Origination

Certain listed events can be used to request attention from a controller. Part of programming a
measurement is to decide which (if any) of these events will be enabled, and which will not. This must
be done before triggers are sent, so the means of programming these decisions is mentioned here,
although the subject is dealt with more thoroughly in other parts of this section.

The three commands which program the instrument's response to events are given below. A more
detailed treatment is given elsewh@rages 5-16 to 5-27 and 5-59 to 5-68)

Measurement Event Enable - MESE Nrf enables theneasurementevent bits which will

generate a summary message in the standard defined service requeNtfigta.decimal number

which, when converted into binary, programs the Measurement Event Status Enable register. Refer
to page 5-59

R B0 e BNV

Event Status Enable - [CESE Nrf enables thetandard definedevent bits which will generate a
summary message in the status byef is a decimal number which, when converted into binary,
programs the Standard-defined Event Status Enable register. Redigets-59

T R S N R

Service Request Enable - [BRENrf enables thetandard andmeasurement summarnybits in
the service request byte, which will generate a service regNdss a decimal number which, when
converted into binary, programs the Service Request Enable register. Refge t8-59

S R S T R
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Trigger Reading

Execute Trigger
This command conforms to the IEEE 488.2 standard requirements.

(TRG Reversion from Remote to Local

is equivalent to a Group Execute Trigger (GET)Not applicable.

and will cause a single reading to be taken when in

external trigger mode. Power On and Reset Conditions
Not applicable.

Execution Errors:

1025 External trigger mode not selected.

Execute 'Input Zero'

Introduction

Inthe Zero band of any DCV, DCI or OhmsrangeThe 4950 saves the correction in non-volatile
with High Accuracy selected, the ZERO? comman®AM, then applies it in all subsequent
can be used to initiate an input zero measurementeasurements made on the same DCV, DCI or
The analog zero input must be applied externall@hms range (with either High and Low accuracy
(see opposite page). selected), untilitis again measured on that function

The measurement is carried out under the sarﬁ‘é‘d range by another ZERO? command.

conditions of resolution and sample size as th€his facility can be used to nullify the effects of
function/range in which it is commanded. Thenput source offsets up to the limits of the zero
resulting error derives an offset correction. band (a total a£10% of the nominal range value).
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Availability
Input Zero is available only iDCV, Ohms & DCI functions;not in ACV or ACI.
Input Zero cannot be used in Calibration Mode.

Corrections are cleared on entry to Calibration mode.

Major Function Selection:
First select the required DCV, Ohms or DCI range, andeh@measurement band.
In Ohms ranges sele2twire or 4-wire connection as required.

Input Connections:
The 5-way input connector remains plugged into the front panel.

The 4mm bananas at the remote end must be connected to eadh thiadollowing order
DCV: Black into the rear of Red (Lo into Hi), all others disconnected.

Ohms;  Brown into Blue into Black into Red (I+ into |- into Lo into Hi);
white remains disconnected.

DCI: All 4mm leads disconnected from one another.

ZERO? Command

— ™ ZERO?

ZERO? Generates a trigger which initiates theExecution Errors:
input zero measurement. 1005 Input Zero not allowed
1023  Zero not allowed when cal enabled
Response Format and Decode
The response is a single decimal digit (Nrl):  Reversion from Remote to Local

0 = Input Zero successful Not applicable.
1

Input Zero unsuccessful

- Power On and Reset Conditions
Not applicable.
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Reading Recall

o]

RDG? recalls the most-recently completed measurement made by the instrument.

Response Format
Character position
1 2 3 45 6 7 8 9 10 11 12 13 14
s n X X X nnnmn E sg p p nl

The value represents the arithmetic mean of the
sample of applied signals. Any signal outside the
programmed measurement band is represented by
avalue of +200E+33, and the relevant flag bitis set
iQ the measurement event status byte.

0 to 9 (exponent is in engineering units)
newline with EOI

p
nl

Where: Units of Returned Value

S = +or-orspace

n = 0to9 DCV and ACV ranges: Volts
X = either n or decimal point (.) DCI and ACI ranges: Amps
E = ASCIl character identifying the exponent Ohms ranges: Ohms
sg = +or-

Response Decode

If no trigger has been received to generate
conversion of the input signal, then the response to i

this command will represent the most-recenf*x€cution Errors:
measurement. If no measurementis available, ghipne

unavailable response is given. If a trigger has .
already been received, this query will wait for thd ©Wer On and Reset Conditions

completion ofthe measurement and place its rest prewr?us Lesults ar_T ct:)lleared at Power On and_l
in the output quee. Reset, thus the unavailable response is given unti

after the first trigger.
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Frequency Readings

R

FREQ? recalls the frequency associated with the most-recent measurement sample.

Response Format:
Character position
1 2 3 45 6 7 8 9 10 11 12 13 14
s n X X X nnnmn E sg p p nl

Where: Returned Value
s + or - or space The returned value is expressedin
n 0to9

For any AC signal in ACV or ACI function, but

X either n or decimal point (.)

E ASCII character identifying the exponent outside the programmed frequency band, the
sg = +or- measured value is still reported but the relevant
p 0 to 9 (exponent is in engineering units) flag bitis setin the measurement event status byte.

nl newline with EOI
Execution Errors:
Response Decode: None
If no trigger has been received to generate a
conversion of the input signal, then the response flower On and Reset Conditions
this command will be the frequency of the mostAll previous results are cleared at Power On and
recent measurement. If no measurement Reset, thus the unavailable response is given until
available, the unavailable response is given. If after the first trigger.
trigger has already been received, this query will
wait for the completion of the measurement and
place its result in the output queue.

A value of +200E+33 is returned if the query is
invalid for the selected function, or if the
measurement circuits cannot produce a result.
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Return the Quality of Measurement
The measurement quality is the standard error of the mean of the internal sample.

— DEVTN? READING J
ABSOLUTE

DEVTN? with no data element  returns the quality in ppm of Nominal Full Range.

DEVTN? phsREADING returns the quality in ppm of the measurement value.

DEVTN? phsABSOLUTE returns the quality in values of the selected function.

Response Format Quality Measurement Invalid

Character position The invalid response (200E+33) will be given_, in
12345678 9101112 13 14 place of the quality result, under the following
snxxxnnnnEsgp p nl conditions:

e Any Function:

Where: Themeasured valuef the signal is not within
f‘] g ?Or é or space themeasurement bariinits. The relevant bit

will have been set in the Measurement Event

X Byte.

either n or decimal point (.)

E ASCII character identifying the exponent
sg = +or- o S . *+ ACVorAClonly:
p 0 to 9 (exponent is in engineering units) The measureflequencyesultis not within the

nl newline with EOI

frequencyband limits. The relevant bit will

I have been set in the Measurement Event Byte.
Availability of Results

The three versions of each successive quality ACV, DClor AClonly :

calculation are stored in three locations, overwriting  The 4950 is in low accuracy mode with ACV,
those from the previous sample, and remaining DClorACIfunction selected, (only one reading
stored until overwritten by the results from the Per sample). In these cases the quality value
next sample. The contents of the appropriate store Would be meaningless.

are read by the corresponding DEVTN? query.
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Quality (Contd.)

Reversion from Remote to Local Power On and Reset Conditions

No change All previous results are cleared at Power On and
Reset, thus no quality result can exist until a new

Execution Errors: measurement has been executed. In these

None. conditions the invalid response (200E+33) is

returned to interrogation by this command.

Recall the Sample Size

———*| SMP_SIZE?

SMP_SIZE? returns the number of conversions in the most recent sample.

Response Format Reversion from Remote to Local
Character position Not applicable.
123 .
nnn Execution Errors:
None.
Where:
n = 0to9 Power On and Reset Conditions
Not applicable.
and:

nnn  represents the measurement sample
size, as determined by function, range
and accuracy mode selections.

Refer to the table of sample sizespage 5-39
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Instrument Stability Status

STANDBY?

STANDBY? recalls the time remaining before the stabilized conditions for accurate operation are

reached.

Response Syntax

] T R

Response Format

Character position

1 2 3 45 6 7
“"h h : MM"
Where:
h h = two digits representing hours
M M = two digits representing minutes

Execution Errors:
None

Power On and Reset Conditions
Not applicable.

Response Decode

At initial Power On: the stabilization period is 6
hours so the reported time starts to count down
from"05:59".

Subsequently, if power is turned off and on: a
warm-up period is imposed, extending from a

minimum of 10 minutes to a maximum of 6 hours.

This is calculated automatically from the lengths
of time the instrument has recently been turned off
and on.

For details of the warm-up timing calculation,
refer toPage 3-5
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INSTRUMENT CONFIGURATION

I/D (Instrument Identification)
This command conforms to the IEEE 488.2 standard requirements.

S S
CODN?

will recall the instrument’s manufacturer, model number, serial number and firmware level.

Response Format:

Character position
1 2 3 45 6 7 8 9 10 11 12 13 14 15
DATRON WAV ETE K

16 17 18 19 20

4 9 5 0
21 22 23 24 25 26 27 28 29 30 31 32 33
4 5 6 78 9 - X X . X X
34 35 36 37 38 39 40 41 42 43 44 45
8 9 01 9 7 - X X . X X
Where: Response Decode:

The data contained in the response consists of folihe data contained in the four fields is organized
comma-separated fields, the last two of which aras follows:

instrument-dependent. The data element type is First field - manufacturer
defined in the IEEE 488.2 standard specificatiorr. Second field - model

e Third field - serial number
Response Terminations e Fourth field - part number and issue
The normal rules for terminating responses apply revision number (will
(page 5-15) possibly vary from one

instrument to another).

Execution Errors:
None.

Power On and Reset Conditions
Not applicable.
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Set 10A Shunt Serial Number
This command allows a user to enter a string of up to 12 characters which form the serial
number of the shunt to be used with the 10A range.

—| SHUNT_NO phs E—» string
oo |

SHUNT_NO allows access to enter the shunt Calibration Mode

serial number. When used in calibration mode this command will
store the string in non-volatile RAM for subsequent
comparisons. Note that there are additional
cgrrection factors stored during calibration of the
10A range which will be used for measurement

correction on that range.
It can be recalled using the query 'SHUNT_NO?'.

Execution Error
Refer topage 5-53
pag In order to enter calibration mode the ENBCAL

command is sent, together with the rear-panel

Normal Operating Mode CALIBRATION switch set to the ENABLE
When used in normal operating mode the entergghsition.

string is required to match the string which wa?]c hile. th librati itch has b
stored, during calibration, into non-volatile RAM. | meanwhile, the calibration switch has been

If they do match, the instrument can be used in tht@me‘j to DlS,ABLE’ the shunt serial nL_lmber store
10A range. cannot be written to and the controller is alerted by

an execution error:
1002 Calibration disabled.

string ASCII printing characters.

The shunt serial number is set in quotes so that
free format can be used for the number itself.

Execution Error
If there is no match, there is no access to the 10A

range and the controller is alerted by an executicJDnﬁWer On and_Reset Condmons . .
error: The shunt serial number is saved in non-volatile

1027 Shunt serial number incorrect. memory, so is not destroyed at Power Off.

After Power On the shunt serial number must be
entered to gain access to the 10A range. Only one
matched entry is necessary between power on and
off (i.e. Reset does not clear the matched
indicator).
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Query Shunt Serial Number

—*| SHUNT_NO?

SHUNT_NO? recalls the serial number of the 10A shunt which was used during the most-recent
certified calibration of the 10A range.

Response Syntax

R pRE S

Response Decode Execution Errors:

Up to 12 characters can be present, forming tHéone

serial number of the shunt, which was stored using

the SHUNT_NO command. Power On and Reset Conditions
Not applicable.
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Set 2-Wire Ohms lead Serial Number

This command allows a user to enter a string of up to 12 characters which form the serial number of the
lead to be used for 2-wire Ohms measurement.

= SIRETE
EIRTE o

LEAD_NO allows access to enter the lead  Calibration Mode

serial number. When used in calibration mode this command will
string up to 12 ASCII printing store thg string in non-volatile RAM for subse_q_uent
characters. comparisons. Note that there are additional

correction factors stored during 2-wire Ohms

The serial number is set in quotes so that a fre@gllbratlon which will be used for measurement

format can be used for the number itself. correction.

Execution Error

in order to enter calibration mode the ENBCAL
command is sent, together with the rear-panel

CALIBRATION switch set to the ENABLE
Normal Operating Mode position.
When used in normal operating mode the entere . L .
string is required to match the string which waé' meanwhile, the calibration SW'tCh has been
stored, during calibration, into non-volatile RAM.tume‘j to DISABLE, the lead serial number store

If they do match, 2-wire Ohms measurements cgannot be written to and the controller is alerted by

b de. an execution error:
€ made 1002 Calibration disabled.

It can be recalled using the query 'LEAD_NO?'
Refer topage 5-55

Execution Error .

If there is no match, there is no access to 2—wi|%OWer On an_d Reset Condmons . .

Ohms measurement and the controller is alerted l:rwe lead serlal humber is saved in non-volatile

an execution error: emory, so is not destroyed at Power Off.

1033 Lead serial number incorrect. After Power On the lead serial number must be
entered to access 2-wire ohms measurements.
Only one matched entry is necessary between
power on and off (i.e. Reset does not clear the

matched indicator).
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Query Lead Serial Number

———™ LEAD_NO?

LEAD_NO? recalls the serial number and resistance value of the lead which was used during the
most-recent certified calibration of 2-wire Ohms.

Response Syntax

lead number n ‘ lead resistance
string Nr3

Response Decode Execution Errors:

Up to 12 characters form the serial number of thbone

lead. A comma separates the lead number string

from a decimal 'Nr3' floating point number inPower On and Reset Conditions
engineering notation which represents the leaNot applicable.

resistance in ohms. The whole response typically

takes the form:

"34526",0.0013E+0

The lead number is entered using tiEAD NO
command during calibratiofpage 5-54)

The value of lead resistance is characterized using
theCHSE? LEAD query command during normal
(certified) calibrationpage 5-95)
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Recall the Selected Ambient Temperature of Certified Calibration

—* CERT_AMB?

CERT_AMB? recalls the selected ambient temperature at which the certified calibration was carried
out. The response is in Nrl format, and will only be eithé€air 23C.

Reversion from Remote to Local Power On and Reset Conditions
Not applicable. Not applicable.

Execution Errors:
None.

Recall the Present Temperature / Temperature Difference

— TEMP? .'
CERTIFIED

TEMP? Response Format and Decode
Returns the internal temperature of the instrumeriiNr3' decimal.
TEMP? BASE The response is a value in degrees Celsius.

Returns the difference between the presentintern@eversion from Remote to Local
temperature and that at baseline calibration.  Not applicable.

TEMP? CERTIFIED Execution Errors:
Returns the difference between the presentinternidbne.

temperature and that at certified calibration. Power On and Reset Conditions

Not applicable.
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Recall the Present / Certified / Baseline Date

DATE? Response Format
Returns today's date.

CERTIFIED

Character position in string

DATE? CERTIFIED 1 23 456 7 8 91011
Returns the date of the most recent certified yyyy -mmm-d
calibration. eg. 1 991 - S EP -
DATE? BASE Where:
Returns the date of the most recent baselingyy = four numeric characters: year
calibration. mmm = three alpha characters: month

dd = two numeric characters: day of month

Response Syntax

Execution Errors:

Hone
O

Power On and Reset Conditions
Not applicable.
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Recall the 4950 Instrument Hardware Fitment
This command conforms to the IEEE 488.2 standard requirements.

[OPT?
will recall the instrument’s hardware fitment.
Response Format: Response Decode:
The character positions represent the following
Character position hardware fitment:
1 2 3 45 6 x1 - AC Assembly
x1 , x2 , x3 nl X2 - Ohms Assembly

x3 - Current Assembly
Where:
The data in the response consists of comma- x1 =1 indicates that the assembly is fitted,
separated characters, each being either 1 or 0.  x1 =0 indicates that the assembly is not fitted.

nl = newline with EOI Execution Errors:
None.
The data element type is Nrl as defined in the
IEEE 488.2 standard Specification. Power On and Reset Conditions

Not applicable.
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Status Reporting

Most of the commands in this sub-section are standard reporting commands defined in the IEEE-488.2
standard. For greater detail, refepages 5-16 to 5-27

Status Reporting Structure

Service Request OSRE phs Nrf
Enable Re;ister 7 phs Pages
SN ESYEEVESY ESVETSVESTY) — 0sre? 5-64
to
RQS
STATUS BYTE ESB MAV MES -
REGISTER 7| . | | | | | —» 0STB? 5-65
i | MSS
Request for Service Bit
Master Status Summary Bit
— Event Status Summary Bit ~—<——
Message Available Bit -—
Measurement Event Status
Summary Bit
Event
Status Enable Register "~ " " o DUESE phs Nif Pages
e e T T e ET) —~ OEse? 5;52
(0]

Standard-

L+~ |Defined Event URQ| | cmE EXE| DDE| QYE| | rRQC| | oPC OESR? 5-63
Status Register 7 6 5 4] 3] 2 1 0
Power On <—1

User Request «— |

Command Error -1 Request
Control
Execution Error ‘
Not used
Device Dependant Error on 4950

Query Error

Operation Complete

Measurement Event
Status Enable Register .~~~ " .~ . . / MESE phs Nrf Pages

SESESEESESSEESSEEEE T ) - veser 5-60
to
M t
Efé‘nst”é?;'lﬂ RAV MOFY | O-L URl FHRl FLR — MESR? 5-61
Register 7 6 5 4

Reading Available <—

Bit Not Used <————

Mathematical Overflow <———

Overload

Underrange

Frequency Higher than valid Range

Frequency Lower than valid Range

Bit Not Used
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Measurement Event Enable
This measurement event status data structure conforms to the IEEE 488.2 standard requirements for this
structure.

R S ST B

MESE
enables the measurement event bits which willote that numberaill be rounded to an integer.
generate a summary message in the standard
defined service request byte. Refepage 5-59 Execution Errors:
None.

Nrf is a Decimal Numeric Data Element
representing a value which, when rounded to afower On and Reset Conditions
integer and expressed in base 2 (binary), enabldet applicable.
the appropriate bits in this event enable register.
For example:

32 will enable the MOF bit;

24 will enable Overload and Underrange.

Recall Measurement Event Enable
This measurement event status data structure conforms to the IEEE 488.2 standard requirements for this

structure.
e
MESE? Response Decode:
recalls the measurement status register enablte value returned, when converted to base 2
mask. Refer tpage 5-59 (binary), identifies the enabled bits which will
generate a summary message in the service request
Response Format: byte, for this data structure. See the device status
Character position reporting model for detail.
1 2 3 4
nnnnl Execution Errors:
None
Where:

Oto9

- . Power On and Reset Conditions
newline with EOI

Cleared (ie. nothing enabled).

nl
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Read Measurement Event Register
This measurement event status data structure conforms to the IEEE 488.2 standard requirements for this
structure.

— MESR?

MESR? Response Decode:
reads the eventregister for measurement qualifiefhe value returned, when converted to base 2
destructively. Refer tpage 5-59 The registeris (binary), identifies the events that have occurred

also cleared by the common commamilS. since the most-recent read or general clear of this
register. The detail is contained in the status data
Response Format: structure description.
Character position
1.2 3 4 Execution Errors:
n n n nl None.
Where:

Power On and Reset Conditions

Ot 9 The register is cleared.

newline with EOI

nl

5-61



Section 5 - Remote Commands and Queries

Event Status Enable

This event status data structure conforms to the IEEE 488.2 standard requirements for this structure.

M EED S

*ESE enables the standard defined event bitExecution Errors:
which will generate a summary message in th§one.
status byte. Refer fmage 5-59

Reset Conditions
Nrf is a Decimal Numeric Data ElementNo change.
representing an integer decimal value equivalent
to the Hex value required to enable the appropriafeower On Conditions
bits in this 8-bit register. The detail definition isThe Event Enable register is saved in non-volatile
contained in the IEEE 488.2 standard documenRAM. At Power On if the condition stored by the
Note that numberwill be rounded to an integer. commonPSC command is 1, then the register is
cleared. Otherwise it retains the saved value.

Recall Event Status Enable

This event status data structure conforms to the IEEE 488.2 standard requirements for this structure.

e

(ESE? Response Decode:
recalls the enable mask for the standard definélthe value returned, when converted to base 2
events. Refer tpage 5-59 (binary), identifies the enabled bits which will
generate a summary message in the service request
Response Format: byte, for this data structure. The detail definition
Character position is contained in the IEEE 488.2 document.

1 2 3 4

nnnnl Execution Errors:
Where: None

n =0to9

nl = newline with EOI Power On and Reset Conditions

Not applicable.
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Read Event Status Register
This event status data structure conforms to the IEEE 488.2 standard requirements for this structure.

]

[(ESR? Response Decode:
recalls the standard defined events. The value returned, when converted to base 2
Refer topage 5-59 (binary), identifies the bits as defined in the IEEE

488.2 standard.
Response Format:

Character position Execution Errors:
1 2 3 4 None
n n n nl
Reset Conditions
Where: No change.
n 0to9

nl newline with EOI

Power On and Reset Conditions
The power-on bit (PON - bit 7) is set, all others are
cleared.
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Service Request Enable
This measurement event status data structure conforms to the IEEE 488.2 standard requirements for this
structure.

o

[BRE enables the standard and user-definefixecution Errors:
summary bits in the service request byte, whicNone.
will generate a service request. Refgrdge 5-59

Reset Conditions

Nrf is a Decimal Numeric Data ElementNo change.

representing an integer decimal value equivalent

to the Hex value required to enable the appropriafeower On Conditions

bits in this 8-bit register. The detail definition isThe Service Request Enable register is saved in

contained in the IEEE 488.2 document. non-volatile RAM. At Power On if the condition

Note that numberwill be rounded to an integer. stored by the commaPSC command is 1, then
the register is cleared. Otherwise it retains the
saved value.

Recall Service Request Enable
This measurement event status data structure conforms to the IEEE 488.2 standard requirements for this

structure.
R R
[(BRE? Response Decode:
recalls the enable mask for the standard definélthe value returned, when converted to base 2
events. Refer tpage 5-59 (binary), identifies the enabled bits which will
generate a service request. The detail is contained
Response Format: in the IEEE 488.2 standard document.
Character position

1 2 3 4 Execution Errors:

n n n nl None.
Where: Power On and Reset Conditions

Oto9

newline with EOI Not applicable.

nl
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Read Service Request Register
This measurement event status data structure conforms to the IEEE 488.2 standard requirements for this

structure.
R
[(5TB? Response Decode:
recalls the service request register for summarjhe value returned, when converted to base 2
bits. Refer tpage 5-59 (binary), identifies the summary bits for the
current status of the data structures involved. For
Response Format: the detail definition see the IEEE 488.2 standard
Character position document. There is no method of clearing this byte
1.2 3 4 directly. Its condition relies on the clearing of the
n n nnl overlying status data structure.
Where:

Execution Errors:

0to9 None.

newline with EOI

nl

Reset Conditions
No change.

Power On Condition
Depends on:
e Event Enable Register
e Status Enable Register
e Power On Status.
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Power On Status Clear
This common command conforms to the IEEE 488.2 standard requirements.

ML s e

[(PSC Examples:

sets the flag controlling the clearing of definedPSC 0 offPSC 0.173 sets the instrument

registers at Power On. to assertan SRQ at Power On.
[PSC 1 o PSC 0.773 sets the instrument

Nrf is a decimal numeric value which, when to not assertan SRQ on Power On.

rounded to an integer value of zero, setptveer

on clear flagfalse. This allows the instrument to Execution Errors:

assert SRQ at power on. None.

When the value rounds to an integer value othg "

i . ower On and Reset Conditions
than zero it sets thpower on clear flagrue, which
clears the standamyent status enabéndservice
request enableegisters so that the instrument will
not assert an SRQ on power up.

The state of PSC is saved in non-volatile RAM.
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Recall Power On Status Clear Flag
This common command conforms to the IEEE 488.2 standard requirements. The flag condition is
determined by thePSC command (opposite page).

[(PSC? Execution Errors:

will recall the Power On Status condition. None

Response Format: Power On and Reset Conditions:

A single ASCII character is returned. No Change. This data is saved in non-volatile

memory at Power Off, for use at Power On.
Response Terminations:
The normal rules for terminating responses apply
(page 5-15)

Response Decode:
The value returned identifies the state of the saved
flag:

Zero indicatesfalse. The instrumenis not
programmed to clear the Standard Event
Status Enable Register and Service
Request Enable Register at Power On, so
the instrument will generate a 'Power On'
SRQ.

One indicatestrue. The instrumentis
programmed to clear the Standard Event
Status Enable Register and Service
Request Enable Register at Power On, so
the instrument cannot generate a 'Power
On' SRQ.
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Clear Status
This measurement event status data structure conforms to the IEEE 488.2 standard requirements for this
structure.

[CLS Execution Errors:

clears all the event registers and queues except tRene.

output queue. The output queue and MAYV bit will

be cleared if(ICLS immediately follows a Power On and Reset Conditions
'Program Message Terminator'; refer to the IEERot applicable.

488.2 standard document.
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Error Reporting - Device-Dependent, Execution and Command Errors

Error Detection

If an error cannot be recovered transparently, Device-Dependent Errors (DDE)

will resultin some system action to inform the use Device-Dependent Error is generated if the
via a message, anq where p_QSS|bIe restore 18y ice detects aninternal operating fault (eg. during
system to an operational condition. self-test). The DDE bit (bit 3) is setein the
Errors are dealt with according to their nature: Standard-defined Event Status Byte, and the error
8ode numberis appended to the Device-Dependent

Recoverable errors report the error an
Error queue.

continue.

System errors which cannot be recovered Cau%os_t Dewce-Dependent code_ nu_mbgrs re_fer toa
the system to halt with a message displayed m’:\rtlcular stage in the selftest, indicating failure of

this case, restarting the system from power of" individual test.
may clear the error, but generally such messages .
are caused by hardware or software faults. Execution Errors (EXE)
An Execution Error is generated when a valid
Reporting Method command has been correctly parsed, but cannot be

In both Remote and Local operation Devicegctionedduetotheinstrumentstate (e.g. attempting

dependent, Execution and Command Errors a?go%sanr?e Ac?l;rac.y rr_10de tt?ll gCCURhACp:S .
reported by the mechanisms described in the sub®" When calibration is enabled), or when data is

section which deals with status reporting, and th@ut of pres.crlbhed ;aluz Im&'tj' fTh%Eé E bit éb't 4)

queue entries can be read destructively as LIFO iy Setirue in the Standard-de Ine vent Status

the queries DDQ?, EXQ? or CMQ? respectively: yte, and the error code number is appended to the
’ Execution Error queue.

A Remote usetanignore the queue, butitis good
practice to read the errors as they occur. Command Errors (CME)

The queue cannot be read in local operation, butCommand Error is generated when a command
thelocal user can continue by pressing any primagpes not satisfy the device command syntax and
menu key. The error is, however, added to thgence the IEEE 488.2 generic syntax (programmed
queue sothatitcan beretrieved inremote operatioito the instrument's parser), and so is not
When entering remote operatinarmally (When  recognized as a valid command. The CME bit (bit
itis notintended to investigate errors generated i) js setruein the Standard-defined Event Status
local) it is advisable to empty old errors from thegyte, and the error code number is appended to the
gueue using the common commarzLS. Command Error queue.

Code numbers for device dependent, execution
and command errors, with their associated

descriptions, are given in Appendix A to Section 4

(command error codes are available only to remote
users).
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Error Reporting (Contd.)

Recall Device Errors

DDQ? Response Decode:

recalls the last error from the queue of devicdhe value returned is a specified integer value
dependent errors (e.g errors recorded duringiadicating the fault. Refer to 'Error Reporting' on
failed selftest). page 5-69, and for the meanings of specific codes

The queue is organized as a last-in - first-out stac}e Appendix A of Section 4.

its individual entries being destructively read. If ion E )
there are no entries in the queue, then use of ttﬁg(ecutlon rrors:
command generates a result of zero, followed b'}JO”e-

an 'empty' message. .
Reversion from Remote to Local

Read the Queue until Empty Not applicable.

Itis good practice to read the queue until empty on o 4R Conditi
each occurrence of device-dependent error, ﬁ?)ower I'n et)r; eset Conditions
prevent unrelated history of errors being retainetﬁ\.lOt applicable.

Response Format

Character position

1 2 3 45 6......... 41
nnmnn , " String
Where:
n =0t9
String = A 34-character string which

describes the error
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Recall Execution Errors

EXQ? Response Decode

recalls the last error from the queue of executiolhe value returned is a specified integer value
errors. An execution error occurs when a valithdicating the fault. For details of the number/fault
command has been correctly parsed, but cannot fationship refer to Appendix A to Section 4 of

complied with (e.g attempting to change Accuracyhis handbook. Execution Errors are reported in
mode by ACCURACYhsLOW when calibration the form required by the IEEE 488.2 standard
is enabled). document.

The execution error queue operates as a last in -

Response Format first out stack, and individual entries are read

Character position destructively. If there are no entries in the queue,
1 23 456..... REREE then use of this command produces a result of zero,
nnnmn , " Sting " followed by an 'empty’ message.
Where:
n =0to9 Read the Queue until Empty
String = A 34-character string which Itis good practice to read the queue until empty on
describes the error each occurrence of execution error, to prevent

o retention of an unrelated history of errors.
Response Terminations

The normal rules for terminating responses applgxecution Errors:
(page 5-15) None

Power On and Reset Conditions
Not applicable.
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Error Reporting (Contd.)

Recall Command Errors

T

CMQ?

Response Decode

recalls the last error from the queue of commandhe value returned is a specified integer value
errors. Acommand error occurs when a commariddicating the fault. For details of the number/fault

cannot be correctly parsed.

Response Format

Character position

1 2 3 45 6......... 41
nnnwn , " String
Where:
n =0t9
String = A 34-character string which

describes the error

Response Terminations

relationship refer to Appendix A to Section 4 of

this handbook. Command Errors are reported in
the form required by the IEEE 488.2 standard
document.

The command error queue operates as a last in -
first out stack, and individual entries are read
destructively. If there are no entries in the queue,
then use of this command produces aresult of zero,
followed by an 'empty' message.

Read the Queue until Empty
Itis good practice to read the queue until empty on

The normal rules for terminating responses applyach occurrence of command error, to prevent

(page 5-15)

retention of an unrelated history of errors.

Execution Errors:
None

Power On and Reset Conditions
Not applicable.
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Test Operations

Selftest
This command conforms to the IEEE 488.2 standard requirements.

— rsT? .—>

rsT? N.B.
executes the selftest. Aresponse is generated aft@hen the test of any of the following parameters
the testis completed (or halted following detectioiis unsuccessful, the relevant device-dependent error
of a failure). The selftest cannot be performedhessage may be accompanied by a further
when in Calibration mode. qualification:
Response Format: a. Main Refgrence drift, .

Character position b. A-D Posm\(e+16 reference drnft,

1 2 c. A-D Negative+16 reference drift, or

n nl d. Reference Ratio drift

The qualifying message will result from a check of
the 4950 status to determine whether any of the
following conditions apply:

e Istheinstrument still within its 6 hour warm up
period?

Is the internal temperature outsitR C of that

at certified calibration?

o _ * Has 30 days expired since the most-recent
ZERO indicates selftest complete with no errors  certified calibration?

detected.

Where:
n
nl

Oorl
newline with EOI

Response Decode:
The value returned identifies pass or failure of the
selftest:

o . If any of these conditions apply, then an appropriate
ONE indicates selftest has failed and haltedeomment is returned, together with the relevant
The errors can be found in the dEViCQjevice_dependent error number.

dependent error queue. Referto RTST?R ¢ Secti di
onpage 5-74 efer toSection 4, Appendix A.

Reversion from Remote to Local

Execution Error: .
Not applicable.

1021 Test not allowed when cal enabled.

Power On and Reset Conditions

Not applicable.
DDQ? recalls the last error from the queue of

device-dependent errors (e.g errors
recorded during an unsuccessful selftest).
Refer topage 5-70.

Recall Device Errors
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Resume Selftest

RTST?

RTST? Execution Errors:

resumes a selftest which was interrupted to repaxone.

a test failure. When the selftest is eventually

completed (or halted following detection ofReversion from Remote to Local

another failure), a response is given. Not applicable.
Response Format: Power On and Reset Conditions
Character position Not applicable.
1 2
n nl
Where:
n Oorl

nl = newline with EOI

Response Decode:

The value returned identifies pass or failure of the
selftest which was resumed:

ZERO indicates test complete with no errors
detected.

ONE indicates the resumed selftest has failed

and halted. The errors can be found in the
device dependent error queue.

Recall Device Errors

DDQ recalls the last error from the queue of
device-dependent errors (e.g errors re-
corded during a failed selftest). Referto

page 5-70.
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Internal Operations Commands
All of the commands under this heading are common commands defined in the IEEE-488.2 standard.

Reset

[(RST Execution Errors:

will reset the instrument to a defined conditionNone.

stated for each applicable command with the

command's description, and listed in Appendix BPower On and Reset Conditions
to this section. Not applicable.

The reset condition is independent of past-use
history of the instrument except as noted below:

[RST does not affect the following:

» the selected address of the instrument;

e calibration data that affect specifications;
¢ SRQ mask conditions;

» the state of the IEEE 488.1 interface;

The action of the front pan®eset key isnot
equivalent td'RST, but is a subset of it.
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Internal Operations Commands  (Contd.)

Operation Complete

This command conforms to the IEEE 488.2 standard requirements.

[OPC

Execution Errors:

is a synchronization command which will generNone.
ate an operation complete message in the standard
Event Status Register when all pending operatioBower On and Reset Conditions

are complete.

Not applicable.

Operation Complete?

This command conforms to the IEEE 488.2 standard requirements.

Response Format:
Character position
1 2
n nl

Where:
n
nl

1
newline with EOI

]

Response Decode:

The value returned is always 1, which is placed in
the output queue when all pending operations are
complete.
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Wait
This command conforms to the IEEE 488.2 standard requirements.

—p OWAI

OWAI Execution Errors:

prevents the instrument from executing anyone.

further commands or queries until the Pending

Operations Flags set true. This is a mandatoryPower On and Reset Conditions
command for IEEE-488.2 but has no relevance tidot applicable.

this instrument as there are no parallel processes

requiring Pending Operation Flags.
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General Queries

Recall of User Data
This common command conforms to the IEEE 488.2 standard requirements.

[PUD?recalls user data, previously entered in Calibration mode.
Refer to program commandPUD, page 5-95

Response Syntax:

where:
digit = one of the ASCII-coded numerals previously entered,
user message = the saved user message.
Response Decode: Execution Errors:
The previously-saved message is recalled. None.
Response Terminations Power On and Reset Conditions

The normal rules for terminating responses applpata area remains unchanged.
(page 5-15)
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Recall the Present Time

=
TIME?

will return the time that the query was processed.

Response Syntax

e e -

Response Format: Execution Errors:
Character position None
1 2 3 45 6 7
" h h : MM " S
Power On and Reset Conditions
Where: N _ Not applicable. Present time is calculated from
h'h = two digits representing hour data saved in non-volatile memory.
MM = two digits representing minute

Response Terminations
The normal rules for terminating responses apply
(page 5-15)

Response Sources and Decode

The returned time is derived from the time most-
recently entered when in calibration mode: either
from the front panel, or as a parameter of the
DATE commandpage 5-94) This command sets
the internal clock which has run on to give today's
date and time.
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Calibration Commands and Messages

Important

The descriptions in the following pages are intended only as a guide to the messages available
to calibrate the instrument. They contain neither examples nor calibration routines, and

should NOT be used directly as a basis for calibrating any part of the instrument. Some of the
commands, if used unwisely, will obliterate an expensive calibration or recalibration.

For a guide to calibration routines refer toSection 8

Use of Control Software

Itis likely that the majority of users will employ the suite of control software supplied with the 4950. This
allows an operator to drive the various specialized comparison and calibration tasks of the system without
the need to program individual commands and queries. Re®ectmn 1 Pages 1-6/7

Operating instructions for the Control Software are given in documentation which accompanies the

software package. The following information is provided for users whose requirements are not met by
the suite of programs, and who need to program their own application software. Refer to the Caution at
the top of this page.

Calibration Sequences

Remote calibration via the IEEE 488 system bus generally follows similar sequences (and is subject to
similar constraints) as for local calibration. But because the remote method does not require a human
operator to access real-time sequences of commands via a single menu screen, it is possible to group
commands together within bus message units.

For this reason we should not always expect to find a one-to-one correspondence between the local and
remote calibration commands.
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General Outline of Calibration Operations
The calibration process generally conforms to a set sequence of operations:

1. The rear-panel switch must be set to ENABLE, then calibration is enabled using the ENBCAL
command, which also requires either 'baseline' or 'certified' calibration to be selected. For baseline
calibration, a pass number must be included in the command string. The pass number is memorized
in firmware, and is thus not alterable by the user. If the pass number does not match, or the rear-panel
switch is not set to ENABLE, then access is denied to the calibration stores.

Successful entry to certified calibration mode is shown by the legend 'cal' appearing on the main front-
panel display. Entry to baseline calibration will be indicated by two legends on the main display: 'cal’
and 'spcl".

2. With the required function, range and band selected, and the appropriate analog input applied, the
calibration operation is triggered (usually using the CAL? query). An optional parameter is available
for use with CAL? when the calibration is to be performed at a non-nominal value (this parameter
can also be set using the 'NOMINAL' command before sending CAL?).

Subsequently, in normal use; gain and flatness calibrations are applied to correct the pre-selected
function, range and band.

3. Other operations can be carried out, such as frequency calibration, setting the calendar/clock or
recording the ambient temperature at calibration.

4. When all calibration operations are complete, the EXIT DATE command can be used to record the
date of the current calibration and then disable Calibration Mode. Further security is obtained by
switching the rear panel switch to DISABLE.

Successive calibration program message units can be sent within a single program message; but as it is
normal for calibration operations to be interspersed with other actions to change ranges, inputs etc., it
is more usual for each calibration operation to use a terminated program message.
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Enable Calibration
The ENBCAL command allows access to ‘certified’ or 'baseline’ calibration operations, provided the
calibration switch on the rear panel is set to ‘ENABLE’.

= ENBCAL phs CERTIFIED
BASE

0 PASSNUM

Effects of Data Elements

CERTIFIED BASE
Ifthe rear-panel switchis not setto ENABLE, therN.B. Baseline calibrationis a specialized process,
accessis deniedto the 'Certified' calibration stores. carried out at manufacture and when major

components are changed. Because some
commands can apply both to baseknel

to certified calibrations, there are overlaps.
For completeness, these commands are
shown with all available data elements.

Successful entry to Certified calibration mode will
be indicated by the legend ‘cal' on the main front-
panel display. When entering Certified calibration
mode, the first automatic action by the 4950 is to
clear any offset in the Input Zero stores.

A subsequent CAL? will trigger Certified Ifthe rear—pan_el switch ,is not s.,etfo E.NAB.LE,then
calibration of the gain of the selected functionfCCeSS is denied to the '‘Baseline’ calibration stores.

range/band/(frequency band). Before access to Baseline Calibration is permitted,

When already in Certified calibration mode, it is't IS neceshsary _to ;}nclude adpass nur?_l;er in the
not possible to select Baseline calibration mod&t'ngd as shownin the syntax diagram. The correct

without using the EXIT command: butif necessary?ass number is registered in firmware, and cannot

it is possible to reselect Certified mode by sendinge altered by the user. If thg e”tefed pass numb_er
ENBCAL CERTIFIED. This clears the Input oes not match, thenaccessis denied to the baseline

Zero stores again calibration stores.
Baseline calibration is notintended to be available
to users, is notdescribed further in this handbook,
and should not be attempted.
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Other Conditions

Protected Commands Disabled Commands
Provided the rear panel switch is in the enablé/hen calibration is enabled with either parameter,
position, ENBCAL with either parameter enableghe following commands are disabled:

the following protected commands: ZERO?
CAL? ACCURACY
CAL_FREQ? CORRECTN
SHUNT_NO rsT?
LEAD_NO RTST?
NOMINAL

Itis not possible to select Baseline calibration from

CN:gRMffF()E,SD within Certified calibration mode; and vice versa.
EXIT Execution Errors:

ENBCAL with 'CERTIFIED' parameter enables 1002 Calibration disabled

the additional protected commands: 1005 Input zero not allowed o
(PUD 1006 Cal mode change must be via exit
DATE 1007 Invalid numeric data
CERT_AMB 1009 Passnumber entry error
CHSE? LEAD 1013 Data out of limit

ENBCAL with 'BASE' parameter enables the 1016 Notin special calibration

additional protected commands: 1019 Temperature cal needs BASE cal
SERIAL enabled
BASE LOAD 1020 Lead cal needs CERT cal enabled
CHSE? ACLIN 1021 Test not allowed when cal enabled
CHSE? TMPR 1023 Zero not allowed when cal enabled
CLR? 1024 Invalid date format entered

1029 BASELINE calibration not enabled
1031 2 wire required for lead calibration
1034 Base selection invalid in cal mode
1035 Cert selection invalid in cal mode

Power On and Reset Conditions
Calibration disabled.
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Trigger ‘Calibration’
The CAL? command triggers a calibration event. Optional selection of a user-specific non-nominal
target value is also available. This value can be recalled using the 'NOMINAL?(Bagey5-86)

Calibration Point Targeting Response Format:

Selecting a combination of Function, RangeA single ASCII character is returned.

Magnitude band (and Frequency band if ACV or

ACI) forces a default 'nominal’ calibration targetResponse Decode:

value (as described by the command which selectddhe value returned identifies the success or failure
the combination). of the calibration operation:

If CAL? is sentwith no numeric data elemehitfj Zero indicatesompletewithno error detected.
attached, then the instrument will assume that tI’tgne

. ; : indicateserror detected The error can be
input signal has that nominal value.

found in the device-dependent error queue.
There are two ways to change the target value;

either by the use of a numeric data eleniérit Execution Errors

(described in the next paragraph), or by sendingaxcur if calibration is not enabled, or if the number
'NOMINAL' command before the CAL? query. used folNrf is incompatible with the setting being
Refer topage 5-85 calibrated.

1002 Calibration disabled

Nrf 1013 Data out of limit

is a decimal numeric data element representing the

user-specific value which is to be assigned 3Sower On and Reset Conditions
target for the raw measured value. The differenqqOt applicable.

between these two values is determines the

correction factor.

TheNrf value is rounded to 7 digits resolution.

If the Nrf data element is included th@hs is
required. The target value must conform to the
limits required for the intended calibration point.
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Set 'Nominal' Target Calibration Point
The NOMINAL command permits a user to select a non-default target vaelaeeusing the CAL?
calibration trigger query, avoiding the need to attach a numeric data element to the CAL? query.

Calibration Point Targeting

Selecting a combination of Function, Range, Magnitude band (and Frequency band if ACV or ACI) fixes
adefault calibration target value (of value denoted by the command which selected the combination).
If CAL? is sent with no numeric data elemeNtf} attached, then the instrument will assume that the
input signal has that default value.

The target value can be changed using the numeric data eldrhatiached to CAL? (sqmmge 5-84.

A second method of changing the target valefretriggering the calibration is provided for systems

such as 'Wavetest', which do not allow undefined numeric data elements to be attached to query
commands (as in this cade with CAL?). This second method is by sending the 'NOMINAL' command
beforethe CAL? query. This value can be recalled using the 'NOMINAL?' qaiye(5-88.

— ™ NOMINAL phs Nrf

Nrf Execution Errors

is a decimal numeric data element representing tleecur if the number used is incompatible with the
user-specific value which is to be assigned asetting being calibrated.

target for the raw measured valug. The d|ﬁerenpe 1013 Data out of limit

between these two values determines the correction

factor. Power On and Reset Conditions

If the NOMINAL command is used, then thef ~ Not applicable.
data element must be included, ahdis required.

The target value must conformto the limits required

for the intended calibration point.

The Nrf value is rounded to 7 digits resolution.
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Recall the Value of the 'Nominal' Target Calibration Point
The NOMINAL? query returns the value of the active target calibration value.

— NOMINAL?

The target value could have been set up in one Bkecution Errors
three ways: None.

e asadefaultvalue on change of function, rang

e .
magnitude band or frequency band: Power On and Reset Conditions

. Not applicable.
e as a non-default target value using the

NOMINAL commandbeforeusing the CAL?
calibration trigge(Page 5-85)

¢ asanumeric data elemégnitf) attached to the
CAL? query(Page 5-84)

Response Format

Character position
123456 78910111213 14
snxxxnnnnEsgp p nl

Where:

s + Or - or space

n 0to9

X either n or decimal point (.)

E ASCII character identifying the exponent
sg +0r -
p 0 to 9 (exponent is in engineering units)

nl newline with EOI
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Trigger Frequency ‘Calibration’

The CAL_FREQ? command triggers the frequency calibration event. Optional selection of a user-
specific non-nominal target value is also available. This value can be recalled using the 'NOM_FREQ?'
query(Page 5-89)

CAL_FREQ? phs Nrf

Calibration Point Targeting Response Format:

The nominal cal point is 300Hz at, ideally, 1V orA single ASCII character is returned.

10V. The amplitude of the signal is ignored.

Frequency can be adjusted440% of nominal. Response Decode:

If CAL? is sent with no numeric data elemeXitf) The value returned identifies the success or failure

attached, then the instrument will assume that tﬁ:g the calibration operation:
input signal has the nominal frequency value. Zero indicatecompletewithno error detected.

There are two ways to change the target valu@ne indicateserror detected The error can be
either by the use of a numeric data elemrit found in the device-dependent error queue.
(described in the next paragraph), or by sending a

NOM_FREQ command before the CAL_FREQ7Execution Errors

query. Refer tpage 5-88 occur if calibration is not enabled, or if the number
used foNrf is incompatible with the setting being
Nrf calibrated.

is a decimal numeric data element representing the 1002 Calibration disabled
user-specific value which is to be assigned as 1013 Data out of limit
target for the raw measured value. The difference

between these two values is determines thlgower On and Reset Conditions

correction factor. Not applicable.

The Nrf value is rounded to 7 digits resolution.

If the Nrf data element is included thehs is
required. The target value must conform to the
limits required for the intended calibration point.
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Set 'Nominal' Target Frequency Calibration Point

The NOM_FREQ command permits a user to select a non-default targetbeddwe using the
CAL_FREQ? calibration trigger query, avoiding the need to attach a numeric data element to the
CAL_FREQ? query.

Calibration Point Targeting
If CAL_FREQ? is sent with no numeric data elemsinf)attached, then the instrument will assume that
the input signal has the default value of 300Hz.

The target value can be changed using the numeric data eMrhatttiched to CAL_FREQ? (spage 5-87.

A second method of changing the target véle®retriggering the calibration is provided for systems

such as 'Wavetest', which do not allow undefined numeric data elements to be attached to query
commands (as in this cade with CAL_FREQ?). This second method is by sending the 'NOM_FREQ'
commandoeforethe CAL_FREQ? query. This value can be recalled using the 'NOM_FREQ?"' query
(Page 5-8%.

— NOM_FREQ phs Nrf

Nrf Execution Errors

is a decimal numeric data element representing tleecur if the number used is incompatible with the
user-specific value which is to be assigned asetting being calibrated.

target for the raw measured valug. The dn‘feren_ce 1013 Data out of limit

between these two values determines the correction

factor. Power On and Reset Conditions

Ifthe NOM_FREQ command is used, thentlie  Not applicable.
data element must be included, ahdis required.

The target value must conform to the 10% limits

required for the intended calibration point.

TheNrf value is rounded to 7 digits resolution.
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Recall the Value of the 'Nominal' Target Frequency Calibration Point
The NOM_FREQ? query returns the value of the active target calibration value.

The target value could have been set up in one Bkecution Errors
two ways: None.

e as a non-default target value using th% o dR Conditi
NOM_FREQ commandefore using the Nower I'n abr; eset Conditions
CAL_FREQ? calibration triggdPage 5-88) ot applicable.

e asanumeric data eleméntf) attached to the
CAL_FREQ? queryPage 5-87)

Response Format

Character position
12345678 910111213 14
snxxxnnnnEsgp p nl

Where:

s + or - or space

n 0Oto9

X either n or decimal point (.)

E ASCII character identifying the exponent
sg +or -
p 0 to 9 (exponent is in engineering units)

nl newline with EOI
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Set 10A Shunt Serial Number
This command allows a user to enter a string of up to 12 characters which form the serial number of the
shunt to be used with the 10A range.

e )
ez

SHUNT_NO allows access to enter the shunt Calibration Mode

serial number. When used in calibration mode this command will
store the string in non-volatile RAM for subsequent
comparisons. Note that there are additional
cgrrection factors stored during calibration of the
10V range which will be used for measurement

correction on that range.
It can be recalled using the query SHUNT_NO?.

Execution Error
Refer topage 5-53
pag In order to enter calibration mode the ENBCAL

command is sent, together with the rear-panel

Normal Operating Mode CALIBRATION switch set to the ENABLE
When used in normal operating mode the entergghsition.

string is required to match the string which wa?]c hile. th librati itch has b
stored, during calibration, into non-volatile RAM. | meanwhile, the calibration switch has been

If they do match, the instrument can be used in tﬁgrned to DlS,ABLE’ the shunt serial nL_lmber store
10A range. cannot be written to and the controller is alerted by

an execution error:
1002 Calibration disabled.

string ASCII printing characters.

The shunt serial number is set in quotes so that
free format can be used for the number itself.

Execution Error
In normal operating mode, if there is no match

then there is no access to the 10A range and tﬁﬁwer Oon and_Reset ConQ|t|ons . .
controller is alerted by an execution error: The shunt serial number is saved in non-volatile

1027 Shunt serial number incorrect. memory, so is not destroyed at Power Off.

After Power On the shunt serial number must be
entered to gain access to the 10A range. Only one
matched entry is necessary between power on and
off (i.e. Reset does not clear the matched
indicator).
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Set 2-Wire Ohms lead Serial Number
This command allows a user to enter a string of up to 12 characters which form the serial number of the
lead to be used for 2-wire Ohms measurement.

ST B S T
Sn.

LEAD_NO allows access to enter the lead  Calibration Mode

serial number. When used in calibration mode this command will
store the string in non-volatile RAM for subsequent
comparisons. Note that there are additional
correction factors stored during 2-wire Ohms
&glibrat.ion which will be used for measurement
correction.

string up to 12 ASCII printing
characters.

The serial number is set in quotes so that a fr
format can be used for the number itself.
Execution Error

in order to enter calibration mode the ENBCAL
command is sent, together with the rear-panel

CALIBRATION switch set to the ENABLE
Normal Operating Mode position.
When used in normal operating mode the entereg hile. th librati itch has b
string is required to match the string which waé’ m?janWDIISeABt,LeE Cﬂ' Iratlgn SW:tC t?s een
stored, during calibration, into non-volatile RAM, fUrned to X , the lead seria number store
If they do match, 2-wire Ohms measurements cgannot be written to and the controller is alerted by
be made ' an execution error:

' 1002 Calibration disabled.

It can be recalled using the query LEAD_NO?
Refer topage 5-55

Execution Error .

In normal operating mode, if there is no matchPOWer On anq Reset Condltlons . .

thenthereis noaccessto 2-wire Ohms measurem r]ﬂe lead ser|al number is saved in non-volatile

and the controller is alerted by an execution erroff€Mory, o is not destroyed at Power Off.

1033 Lead serial number incorrect. After Power On the lead serial number must be

entered to access 2-wire ohms measurements.
Only one matched entry is necessary between
power on and off (i.e. Reset does not clear the
matched indicator).
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Characterize the Nominated Lead for 2-Wire Ohms Measurements

This command initiates measurement of the external resistance between the Hi and Lo terminals of the
input connector. Two-wire Ohms measurement mode has been selected. The input cable assembly is
plugged in; the Hi and Lo 4mm banana plugs are shorted together.

Certified calibration must be enabled for this command to be valid.

CHSE? phs LEAD

CHSE?_LEAD Response Format:
Performs the lead-resistance measurement, aAdsingle ASCII character is returned.
memorizes the value in non-volatile memory.

The lead serial number is also held in non-volatilgesF)onse Decode:

memory (by the LEAD_NO commamege 5-9) lptiu\éaé:ﬁt;?aigE)nnegpi)z(regttiigr?s the success or failure

For subsequent normal measurements, the

instrument can be switched into 2-wire Ohms onlgero

afterthe correctlead serial number hasbeen enteil®de indicateserror detected The error can be

(LEAD_NO commangbage 5-54. Then for each found in the device-dependent error queue.

2-wire Ohms measurement, as the external circuit

includes the leads, the stored lead resistance valBgecution Error

is subtracted from the measured value. In order to enter calibration mode the ENBCAL
command is sent, together with the rear-panel
CALIBRATION switch set to the ENABLE
position.

indicatessompletewithno error detected.

If, meanwhile, the calibration switch has been
turned to DISABLE, the lead characterization
store cannot be written to and the controller is
alerted by an execution error:

1002 Calibration disabled.

Power On and Reset Conditions
Not applicable.
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Record the Nominal Ambient Temperature during Certified Calibration
This command can be used only when Certified Calibration is enabled. It enables users to enter the
nominal ambient temperature value, which is then stored in non-volatile RAM.

Subsequently, when the instrument is in use; a user can recall the recorded value, and then: either
reproduce the same ambient conditions, or use the value to calculate specification tolerances due to the
temperature difference.

— | CERT AMB DEG20C .'
DEG23C

DEG20C records a nominal ambient Execution Error

temperature of 2. In order to enter calibration mode the ENBCAL
command is sent, together with the rear-panel
CALIBRATION switch set to the ENABLE
position.

DEG23C records a nominal ambient
temperature of Z%.

The recorded value can be recalled using th§ meanwhile, the calibration switch has been

CERT_AMB? query(page 5-56) turnedto DISABLE, the CERT_AMB store cannot
be written to and the controller is alerted by an
execution error:

1002 Calibration disabled.

Power On and Reset Conditions
Not applicable.
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Set Internal Clock/Calendar

This command can be used only when Certified Calibration is enabled. It enables users to reset the
internal calendar clock to the 'present' date and time.

— @

"datestring"
‘datestring'

i

DATE Execution Errors
allows access to re-set the internal Calendai order to enter calibration mode the ENBCAL
Clock. command is sent, together with the rear-panel

CALIBRATION switch set to the ENABLE
datestring This is a string of ASCII printing  position.

characters in the form: If, meanwhile, the calibration switch has been

yyyy-mmm-dd hr:nn turned to DISABLE, the DATE store cannot be
Where: written to and the controller is alerted by an

yyyy = afour-digit year followed by a hyphen execution error:

mmm = a three-character month followed by a hyphen 1002 Calibration disabled.

dd = atwo-digit day followed by a space o .
If the datestring is not entered in the correct format

. shown opposite, then an execution error is
nn = atWO-dIgIt minute. generated:

Hr = atwo-digit 24 hour followed by a colon

The datestring is defined as a character sequence ~ 1024 Invalid date format entered.
only in the format shown above. lItis setin quotes

so that the specified format can be used for tHeower On and Reset Conditions
number itself. Not applicable.

Query TIME?

At any subsequent time, the query TIME? will
return the current 'present time', which is derived
by projecting the most-recently entered calendar/
clock setting. Refer tpage 5-79%ndSection 4
page 4-7.

The query DATE?, with no data elements, will
return the current 'present date'. Refpeaige 5-57
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Protected User Data
Entry of User Data
This command conforms to the IEEE 488.2 standard requirements.

user message

/"END/ I

where:
phs = Program Header Separator,
digit = one of the ASCII-coded numerals,
user message = any message up to 63 bytes maximum.
(PUD Execution Error

allows a user to enter up to 63 bytes of data intola order to enter calibration mode the ENBCAL
protected area to identify or characterize theommand is sent, together with the rear-panel
instrument. The two representations above a@ALIBRATION switch set to the ENABLE
allowed depending on the message length and tpesition.

number of ‘digits’ required to identify this. The If, meanwhile, the calibration switch has been

mstrumegt must be in calibration mode for th'%urned to DISABLE, the protected user data store
command to execute. cannot be written to and the controller is alerted by

. an execution error:
The data can be recalled using fiRJD? query.

Refer topage 5-78 1002 Calibration disabled.

Power On and Reset Conditions
Data area remains unchanged.
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Exit from Calibration Mode
This command can be used only when Calibration is enabled. It enables users to exit from either Certified
or Baseline calibration.

If the data element 'DATE' is used, the current (Certified or Baseline) calibration is annotated with the
'present' date from the internal calendar/clock. The calibration is also annotated with the internal ambient
temperature, as sensed at the time.

— EXIT DATE

EXIT is the method of leaving either Certified Query TEMP?
or Baseline calibration mode. At any subsequent time, the query TEMP? can be
used (with a parameter BASE or CERTIFIED) to
DATE  Annotates the current calibration with: return the internal ambient temperature at the most-
a. The present date as stated by thescent calibration of that type. Refepiage 5-56.
internal calendar/clock;
b. The internal ambient temperature Execution Errors
determined by the internal sensorsin order to enter calibration mode the ENBCAL
command is sent, together with the rear-panel
Note that only the type of calibration which hasCALIBRATION switch set to the ENABLE
justbeen finished (certified or baseline) will receiveposition.

the date/temperature annotation. The other tyq{e meanwhile, the calibration switch has been
will remain as annotated at its most recentturned to DISABLE, the calibration date and

calibration. temperature stores cannot be written to and the
controller is alerted by an execution error:

Query DATE?

Atany subsequent time, the query DATE? canbe 1002 Calibration disabled.
used (with a parameter BASE or CERTIFIED) to

return the date of the most-recent calibration dPower On and Reset Conditions
that type. Refer tpage 5-57 Not applicable.
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Appendix A to
Section 5 of the
User’s Handbook for
Model 4950

IEEE 488.2 Device Documentation Requirements

IEEE 488.2 requires that certain information bé&. Message Exchange Options:

supplied to the user about how the device has
The Device
Documentation Requirements are detailed in

implemented the standard.

Section 4.9 of the Standard documentage 32

In this handbook, the required information is
already contained within the descriptions of the
system, and this appendix provides cross-references
to those descriptions in which it is presented. The
following paragraphs have the same numbers as
the paragraphs of Section 4.9 in the Standard

document to which they refer.

1. The list of IEEE 488.1 Interface Functions
subsets implemented is given as Table 5.1
(page 5-2) The list is also printed close to the
IEEE 488 connector on the rear of the

instrument.

2. Theinstrumentaddressis set manually, and the

instrument firmware refuses to set any address
It responds instead
with a Data Entry Error, displayed on the front.

outside the range 0-30.

panel.

3. The (manual only) method of setting the address
is described opage 5-4including the pointin
time when the 4950 recognizes a user-initiated

address change.

4. Appendix B to Section 5 describes the active

and non-active settings at power-on.

a.

=

The Input Buffer is a first in - first out
queue, which has a maximum capacity of
128 bytes (characters). Each character
generates an interrupt to the instrument
processor which places itinthe Input Buffer
for examination by the Parser. The
characters are removed from the buffer and
then translated with appropriate levels of
syntax checking. Ifthe rate of programming
is too fast for the Parser or Execution
Control, the buffer willfill up progressively.
When the buffer is full, the handshake is
held.

No query returns more than one
<RESPONSE MESSAGE UNIT>.

c. Allqueriesgenerate aresponse when parsed.

d. No query generates a response when read.

e.

No commands are coupled.

The following functional elements are used in
constructing the device-specific commands:

Command Program Header

Query Program Header

Character Program Data

Decimal Numeric Program Data.

String Program Data (SHUNT_NO,
LEAD_NO, DATE and SERIAL)
Arbitrary Block Program Data (*PUD)

Compound Command Program Headers are
not used.
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7. [PUD blocks are limited to 63 bytes. 18 Neither[RDT nor[RDT? are implemented.

8. Expression Program Data elements are ndi. The states affected IRST are described for
used. each command in the list of commands and
gueries orpages 5-28 to 5-96
9. The syntax for each command is described in Query CommandLRN? is not implemented:
the general list of commands pages 5-28 to neither are Command®RCL and BAV. ’
5-96. This list includes all queries, for which
the response syntax is also described. 20. OTST? invokes the Confidence Selftest. The
response talrST? is described grage 5-73
with alist of possible errors detailed in Appendix
A to Section 4 of this handbook.

The Maintenance Handbook Section 2
11. The only command which elicits a Block Data  describes the nature of the tests applied and the

10.None. All device-to-device message transfer
traffic follows the rules for <RESPONSE
MESSAGE> elements.

response is the quefPUD?. resulting error codes for the Confidence Selftest.
Its response consists of #, 2, two digits and a
data area of 63 bytes; 67 bytes in all. 21 The additional status data structures used in the

instrument’s status reporting are fully described
12. A separate list of every implemented Common ©npages 5-17 to 5-27
Commandand Queryisgiveninthe alphabetical Operating instructions for the status reporting

index at the start of Section 5. facilities are given opages 5-59 to 5-68
They are also described in the general list on
pages 5-28 to 5-96 22 All commands are sequential - overlapped

commands are not used.

13.CAL? is not implemented. .
23. As all commands are sequential, there are no

14.[DDT is not implemented. pending parallel operations. The functional
criterion which is met, therefore, is merely that
15. Macro commands are not implemented. the associated operation has been completed.

16.[0DN? is described opage 5-51

17.CPUD blocks are limited to 63 bytes.
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Appendix B to
Section 5 of the
User’s Handbook for
Model 4950

4950 Device Settings at Power On

Initial State at Power On

Consistent with its role, switching power on reminds us that the 4950 should not be used as a transfer
standard until its temperature has stabilized. The first presentation on the menu (dot-matrix) display
gives the time remaining to the end of the warm-up period, as shown:.

The time starts from cold at 6 hours, and will count from 5hr 59min down to zero, before the display
changes of its own accord.

4950 STABILITY EXPECTED IN : 05hr 59min

Atany time during the warm-up period, this count-down display can be shown by pressing the front panel
Status key. After warm-up is complete, the Status key will generate other status information as
described opages 3-39 to 3-44

Power Down - Short Term
A short-term power down does not automatically reset the remaining warm-up period to 6 hours,
although time will be added for the period of shut-down.

When power is removed, the switch-off timg @nd any remaining warm-up peridg)(are saved.
While the system is powered down, the clock continues to run, supported by the battery.

At power up timet(): the remaining warm-up tintg is added to six times the difference betweand
ts, to obtain the new warm-up period)(

T=6(-0+t
After calculation, the following limits are applied to T:

minimum: 10 minutes
maximum: 5 hours 59 minutes
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4950 Internal States at Power On

All the functions and facilities are configured into default states when power is turned on. These are
shown in the following table. Refer to Section 5 for the corresponding IEEE 488.2 commands.

DCV ACV Ohms DCI ACI
Range 1kV 1kVv 100kQ 1A 1A
Frequency Band 1kHz 300Hz
Measurement Band 0% 100% 0% 0% 100%

The active function i®CV, and so the active power-on defaults are:
Function:DCV. Range: 1kV. Measurement Band0%

Global Power-On and Reset Defaults

Guard: Local. Trigger Source: External.
Accuracy Mode: High. Calibration: Disabled
Corrections: Certified.

Specific Power-On and Reset Defaults
2/4-wire Ohms 4-Wire

2-Wire Ohms Lead Serial No. Undefined but the serial number of the lead which was
characterized at the most-recent calibration is held in
non-volatile RAM..

10A Shunt Serial No. Undefined but the serial number of the shunt which
was designated at the most-recent calibration is held in
non-volatile RAM..
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SECTION 6 SPECIFICATIONS

MECHANICAL

HEIGHT 88mm (3.5ins).
WIDTH 427mm (16.8ins).
DEPTH 487 max. (19.2ins).
WEIGHT 11.8Kkg (26 Ibs).

RACK MOUNTING Rack mounting ears to fit standard
19inch rack (ANSI-EIA-310-C).
Conversion to accept 0.5inch wide
slides.

RACK MOUNTING
DEPTH 467mm (18.4ins).

ENVIRONMENTAL

AMBIENT TEMPERATURE
Operating: 10°C to 40°C.
Non-Operating: -40°C to 71°C

MAX RELATIVE HUMIDITY

Operating (non-condensing):
0°C to 30°C: <95% + 5%.
30°C t0 40°C:  <75% % 5%.
40°C to 50°C:  <45% * 5%.

ELECTRICAL

POWER SUPPLY

Voltage: single-phase 100V - 130V or
200V - 260V selectable from rear panel.
Line Frequency: 47 Hz to 63 Hz.

POWER

CONSUMPTION 37 VA maximum.

WARM UP TIME 6 hours to full accuracy after power on.

TRANSFER

STABILITY See Transfer Stability specification
tables.

SAFETY & EMI

SAFETY Designed to UL1244; EN61010:1993/
A2:1995

EMI FCC Rules, Part 15, sub-part J:

Limits A and B.
VDE 0871: Limits A and B.
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Maximum Input Voltages @
N.B. Both Peak and RMS input voltages should be limited to the maxima listed below.

Maximum Peak Input Voltages - DC and AC Voltage

Hi
1600V Lo
360V 1600V I+
1600V 360V 1600V I-
1600V 360V 1600V 360V Guard L
1600V 920V 1600V 920V 920V Safety Ground @ =
1600V 920V 1600V 920V 920V ov Logic Ground @

Maximum Peak Input Voltages - DC and AC Current; Resistance

Hi
360V Lo
360V 360V I+
360V 360V 360V I-
360V 360V 360V 360V Guard L
1300V 920V 1300V 920V 920V Safety Ground @ =
1300V 920V 1300V 920V 920V oV Logic Ground @

Maximum RMS Input Voltages - DC and AC Voltage

Hi
1100V Lo
250V 1100V I+
1100V 250V 1100V I-
1100V 250V 1100V 250V Guard L
1100V 650V 1100V 650V 650V Safety Ground @ =
1100V 650V 1100V 650V 650V ov Logic Ground @

Maximum RMS Input Voltages - DC and AC Current; Resistance

Hi

250V Lo

250V 250V I+

250V 250V 250V I-

250V 250V 250V 250V Guard L

900V 650V 900V 650V 650y |Safety Ground @ =

900V 650V 900V 650V 650V oV Logic Ground @
Notes

(1) Signals at any input during Self Test may affect performance of test.
(2) Logic Ground is internally connected to Safety Ground.
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Section 6 - Specifications

TRANSFER SPECIFICATIONS

N.B. All specifications are valid only within the Measurement Band Span.
All specifications are valid only if the 4950 is used with its own individual characterized input connecting lead.
TCAL is the internal temperature recorded by the 4950 at exit from its most-recent Certified Calibration
DC Voltage
Range Measurement Band Transfer ~ Temperature  MTS Control Software Uncertainties [5]
Stability Coefficient
Band Nominal Band Span [3] MTS_CAL CAL_CAL
Name Value Cal. Uncertainty Uncertainty  [4][6]
TCAL £1°C | TCAL+5°C TCAL £ 1°C [3] TCAL +1°C
*(ppm) *(ppm/°C) *(ppm) *(ppm)
100mV | 0% (Zero) ov -15mV to +15mV - - - -
[8] 100% +100mV [1] | +85mV to +115mV 3.0 0.6 4.0 5.0
-100mV -115mV to -85mV 3.0 0.6 4.0 5.0
v 0% (Zero) ov -0.1V to +0.1V
100% +1V [1] +0.9V to +1.1V 15 0.5 2.2 2.6
-1v -1.1V to -0.9V 15 0.5 2.2 2.6
10V 0% (Zero) ov -1V to +1V
100% +10V [1] +9V to +11V 15 0.5 1.4 21
-10v -11V to -9V 15 0.5 1.4 21
190% (High) +19V +18V to +19.5V 15 0.5 1.8 23
-19v -19.5V to -18V 15 0.5 1.8 2.3
100V 0% (Zero) ov -10V to +10V
100% +100V [1] +90V to +110V 2.0 0.8 2.0 2.9
-100V -110V to -90V 2.0 0.8 2.0 2.9
1000V | 0% (Zero) ov -100V to +100V
100% +1000V [1] | +900V to +1100V 2.0 0.8 2.0 2.9
-1000V -1100V to -900V 2.0 0.8 2.0 2.9
Notes

[1] The 100% band Nominal Value is also nominal 'Full Range' value (FR).
[2] Itis assumed that all zero DC offsets are removed before gain measurements are made.

This is true when under the control of the MTS_CAL and CAL_CAL programs of the automatic MTS Control Software.

[83] Assumes a successful 4950 transportation loop closure.
[4] Assumes a successful 4950 transportation loop closure within the 4950 30 day transfer specification.

[5(] a. MTS_CAL and CAL_CAL refer to the automatic MTS Control Software.

[6] For calibrator calibration, the CAL_CAL tolerance is the combination of the Transfer Stability specification and

the MTS_CAL uncertainty to 95% minimum confidence level.
[7]  Only when used in conjunction with the Model 4953 10A Shunt.
[8] Millivolt Range(s): Band limits are +15%, not 10%.
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Section 6 - Specifications

TRANSFER SPECIFICATIONS (contd.)

N.B. All specifications are valid only within the Measurement Band Span and within the Frequency Band Span.

All specifications are valid only if the 4950 is used with its own individual characterized input connecting lead.
FCAL is the frequency within a band at which Certified Calibration of the 4950 was most-recently carried out.
TCAL is the internal temperature recorded by the 4950 at exit from its most-recent Certified Calibration.

AC Voltage
30 Day Transfer Stability +ppm of measurement band nominal value (within FCAL % 1%) (within TCAL * 1°C) [3]

Frequency Band Range
Measurement Band Name and Span
Nominal Span
1mV [1][8] | 10mV [1][8] | 100mV [1][8] 1V [1] 10V [1] 100V [1] 1000V [1]
100% 100% 100% 100% 100% 190% 100% 70% 100%
0.85-1.15mV | 85-11.5mV | 85-115mV 09-11v 9-11V 18- 19.5V 90 - 110V 600 - 800V | 900 - 1100V
10Hz 9-11 Hz 20 +2uv 20 +2uVv 20 +2uVv 10 10 10 15
20Hz 18-22 Hz 20 +2uv 20 +2uVv 20 +2uVv 10 10 10 15
30Hz 27 -33Hz 20 +2uv 20 +2uVv 20 +2uVv 10 10 10 15
40Hz 36 - 44 Hz 20 +2uv 20 +2uVv 20 +2uVv 10 10 10 15
55Hz t |46.25-63.75Hz| 20 +2uVv 20 +2uVv 20 +2uVv 10 10 10 15
300Hz t | 270 - 440 Hz 20 +2uv 20 +2uV 20 +2uV 10 10 10 15
1kHz 0.9-1.1kHz 20 +2uv 20 +2uV 20 +2uV 10 10 10 10 15
10kHz 9-11kHz 20 +2uv 20 +2uV 20 +2uV 10 10 10 15
20kHz 18 - 22 kHz 20 +2uv 20 +2uV 20 +2uV 10 10 10 15
30kHz 27 - 33 kHz 20 +2uv 20 +2uV 20 +2uV 10 10 10 15
50kHz 45 - 55 kHz 30 +2uv 30 +2uV 30 +2uV 20 20 20 50
100kHz 90 - 110 kHz 50 + 3uV 50 + 3uV 50 + 3uV 30 30 30 50
200kHz | 180 - 220 kHz 50
300kHz | 270-330kHz | 100 +3puV | 100 +3uV | 100 + 3uV 70 % 70 %
500kHz | 450-550kHz | 200 +3puV | 200+ 3uV | 200 + 3uV 100 % 100 %
1MHz 0.9-1.1 MHz 300 +3uV | 300+ 3uV | 300 +3pv 200 200

T Frequency bandwidths extended to include common power-supply frequencies. (50Hz & 60Hz on 55Hz band; 400Hz on 300Hz band)
¥ Figures apply to both 4-wire and 2-wire connections

Notes

[1] The 100% band Nominal Value is also nominal 'Full Range' value (FR).

[2] Itis assumed that all zero DC offsets are removed before gain measurements are made.

This is true when under the control of the MTS_CAL and CAL_CAL programs of the automatic MTS Control Software.
[3] Assumes a successful 4950 transportation loop closure.
[4] Assumes a successful 4950 transportation loop closure within the 4950 30 day transfer specification.

[5] MTS_CAL and CAL_CAL refer to the automatic MTS Control Software.
[6] For calibrator calibration, the CAL_CAL tolerance is the combination of the Transfer Stability specification and

the MTS_CAL uncertainty to 95% minimum confidence level.
[7]  Only when used in conjunction with the Model 4953 10A Shunt.
[8] Millivolt Range(s): Band limits are +15%, not 10%.
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Section 6 - Specifications

AC Voltage
Temperature Coefficient  +ppm of measurement band nominal value/°C (within FCAL + 1%) (within TCAL * 5°C)
Frequency Band Range
Measurement Band Name and Span
Nominal Span
imV [1][8] | 10mV [1][8] | 100mV [1][8] 1V [1] 10V [1] 100V [1] 1000V [1]
100% 100% 100% 100% 100% 190% 100% 70% 100%
0.85-1.15mV | 8.5-11.5mV | 85-115mV 09-1.1v 9-11v 18 -19.5V 90 - 110V 600 - 800V 900 - 1100V

10Hz 9-11Hz 1 1 1 1 1 - 2 --- 2
20Hz 18-22 Hz 1 1 1 1 1 - 2 --- 2
30Hz 27-33Hz 1 1 1 1 1 - 2 --- 2
40Hz 36-44 Hz 1 1 1 1 1 - 2 --- 2
55Hzt | 46.25 - 63.75 Hz 1 1 1 1 1 - 2 --- 2

300Hz t | 270-440 Hz 1 1 1 1 1 - 2 --- 2
1kHz 0.9-1.1kHz 1 1 1 1 1 1 2 - 2
10kHz 9-11kHz 1 1 1 1 1 - 2 --- 2
20kHz 18 - 22 kHz 1 1 1 1 1 - 2 --- 2
30kHz 27 - 33 kHz 1 1 1 1 1 - 2 --- 2
50kHz 45 - 55 kHz 5 5 5 5 5 - 5 8 -
100kHz 90 - 110 kHz 5 5 5 5 5 - 5 8 -

200kHz | 180 - 220 kHz 10
300kHz | 270 - 330 kHz 5 5 5 10t 101
500kHz | 450 - 550 kHz 40 40 40 40 40§
1MHz 0.9-1.1 MHz 40 40 40 40 t 40 t

t Frequency bandwidths extended to include common power-supply frequencies. (50Hz & 60Hz on 55Hz band; 400Hz on 300Hz band)

¥ Figures apply to both 4-wire and 2-wire connections

6-5



Section 6 - Specifications

TRANSFER SPECIFICATIONS (contd.)

N.B. All specifications are valid only within the Measurement Band Span and within the Frequency Band Span.
All specifications are valid only if the 4950 is used with its own individual characterized input connecting lead.
FCAL is the frequency within a band at which Certified Calibration of the 4950 was most-recently carried out.
TCAL is the internal temperature recorded by the 4950 at exit from its most-recent Certified Calibration

AC Voltage: MTS Control Software Uncertainties  [3][5]:
MTS_CAL Uncertainties +ppm of measurement band nominal value (within FCAL + 1%) (within TCAL + 1°C)

Frequency Band Range
Measurement Band Name and Span
Nominal Span
1mV [1][8] | 10mV [1][8] | 100mV [1][8] 1V [1] 10V [1] 100V [1] 1000V [1]
100% 100% 100% 100% 100% 190% 100% 70% 100%
0.85-1.15mV | 85-11.5mV | 85-115mV 09-11v 9-11V 18- 19.5V 90 - 110V 600 - 800V | 900 - 1100V
10Hz 9-11Hz 277* 156* 117* 36 36 41
20Hz 18-22 Hz 277 156 117 36 36 41
30Hz 27 -33Hz 277 156 117 36 36 41
40Hz 36 - 44 Hz 277 156 117 24 24 36
55Hz | 46.25- 63.75 Hz 277 156 117 24 24 36 37
300Hz 270 - 440 Hz 260 136 89 24 24 26 37
1kHz 0.9-1.1kHz 260 136 89 24 24 24 26 37
10kHz 9-11kHz 277 156 103 24 24 26 42
20kHz 18 - 22 kHz 293 166 117 24 24 26 47
30kHz 27 - 33 kHz 387 239 190 24 26 29 74
50kHz 45 - 55 kHz 387 239 190 31 26 35 110
100kHz | 90 - 110 kHz 616 403 356 37 26 64 344
200kHz | 180 - 220 kHz 239*
300kHz | 270 - 330 kHz 748* 581* 579* 96 83 f
500kHz | 450 - 550 kHz 769* 608* 607* 202 184 %
1MHz 0.9-1.1 MHz 1057* 947* 945* 557 f 527

T Frequency bandwidths extended to include common power-supply frequencies. (50Hz & 60Hz on 55Hz band; 400Hz on 300Hz band)
¥ Figures apply to both 4-wire and 2-wire connections
* Uncertainties marked with an asterisk (*) are estimated but not fully traceable.

Notes

[1] The 100% band Nominal Value is also nominal 'Full Range' value (FR).

[2] Itis assumed that all zero DC offsets are removed before gain measurements are made.
This is true when under the control of the MTS_CAL and CAL_CAL programs of the automatic MTS Control Software.

[3] Assumes a successful 4950 transportation loop closure.

[4] Assumes a successful 4950 transportation loop closure within the 4950 30 day transfer specification.

[5] MTS_CAL and CAL_CAL refer to the automatic MTS Control Software.

[6] For calibrator calibration, the CAL_CAL tolerance is the combination of the Transfer Stability specification and
the MTS_CAL uncertainty to 95% minimum confidence level

[7]  Only when used in conjunction with the Model 4953 10A Shunt.

[8] Millivolt Range(s): Band limits are +15%, not 10%.
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AC Voltage: MTS Control Software Uncertainties
CAL_CAL Uncertainties

[5]:

+ppm of measurement band nominal value (within FCAL * 1%) (within TCAL + 1°C) [4][6]

Frequency Band Range
Measurement Band Name and Span
Nominal Span
1mV [1][8] | 10mV [1][8] |100mV [1][8] 1V [1] 10V [1] 100V [1] 1000V [1]
100% 100% 100% 100% 100% 190% 100% 70% 100%
0.85-1.15mV | 85-11.5mV | 85-115mV 09-1.1v 9-11V 18-19.5V 90 - 110V 600 - 800V | 900 - 1100V
10Hz 9-11Hz 277 + 2uV* | 157 +2uVv* | 119 + 2uV* 38 38 42
20Hz 18-22 Hz 277 +2uV | 120+ 2uV | 119 +2uv 38 38 42
30Hz 27 -33Hz 277 +2uV | 157 +2uV | 119 +2uVv 38 38 42
40Hz 36 - 44 Hz 277 +2uV | 157 +2uV | 119 +2uv 26 26 38
55Hz |46.25-63.75Hz| 277 +2uV | 157 +2uV | 119 +2uVv 26 26 38 40
300Hz 270 - 440 Hz 261 +2pV | 138 +2pVv 91 +2uv 26 26 28 40
1kHz 0.9-1.1kHz 261 +2pV | 138 +2pVv 91 +2uVv 26 26 26 28 40
10kHz 9-11kHz 277 +2uV | 157 +2uV | 105+ 2uVv 26 26 28 44
20kHz 18 - 22 kHz 294 +2uV | 167 +2uV | 119 +2uVv 26 26 28 49
30kHz 27 - 33 kHz 387 +2uV | 240+2uV | 191 +2uV 26 28 31 75
50kHz 45 - 55 kHz 388 +2uV | 241+2uV | 192 +2uV 37 33 40 121
100kHz 90 - 110 kHz 618 +3uV | 406 +3uV | 359 +3uV 47 40 71 348
200kHz | 180 - 220 kHz 244*
300kHz | 270-330kHz | 754 +3uV* | 590 + 3uV* | 588 + 3uVv* 119t 109
500kHz | 450-550kHz | 794 + 3uV* | 641+ 3uVv* | 639 + 3uv* 226 209
1MHz 0.9-1.1MHz |1099 + 3uV* | 993 + 3uV* | 992 + 3uv* 591 564

t Frequency bandwidths extended to include common power-supply frequencies. (50Hz & 60Hz on 55Hz band; 400Hz on 300Hz band)
¥ Figures apply to both 4-wire and 2-wire connections
* Uncertainties marked with an asterisk (*) are estimated but not fully traceable.
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Section 6 - Specifications

TRANSFER SPECIFICATIONS (contd.)

N.B. All specifications are valid only within the Measurement Band Span and witPtnof the Frequency Band Nominal Frequency.
All specifications are valid only if the 4950 is used with its own individual characterized input connecting lead.
TCAL is the internal temperature recorded by the 4950 at exit from its most-recent Certified Calibration.

Ohms
30 Day Transfer +ppm of measurement band nominal value [2]
Range Measurement Band Transfer ~ Temperature MTS Control Software Uncertainties [5]
Stability Coefficient
Band Nominal Band Span [3] MTS_CAL CAL_CAL
Name Value Cal. Uncertainty [3] Uncertainty [4][6]
TCAL£1°C | TCAL*5°C TCAL £ 1°C TCAL £ 1°C
+(ppm) +(ppm/°C) +(ppm) +(ppm)
10Q 0% Zero Zero to 1Q - - - -
10% 1Q Zero to 2Q 20 1.2 7.7* 9.2*
30% 3Q 2Qto0 4Q 15 1.2 7.7* 9.2*
100% (FR) | 10Q [1] 9Qt0 11Q 5 1.2 7.7 9.2
190% 19Q 18.0Q to 19.5Q 5 1 7.7* 9.2*
100Q 0% Zero 0Q to 10Q -—- -—- -—- -—-
30% 30Q 20Q to 40Q 3 1 5.6* 6.4*
100% (FR) | 100Q [1] 90Q to 110Q 3 1 5.6 6.4
190% 190Q 180Q to 195Q 3 1 5.6* 6.4*
1kQ 0% Zero 0kQ to 0.1kQ - - - -
30% 300Q 0.2kQ to 0.4kQ 3 1 3.0* 4.3*
100% (FR) | 1kQ [1] 0.9kQ to 1.1kQ 3 1 3.0 43
190% 1.9kQ 1.8kQ to 1.95kQ 3 1 3.0* 4.3*
10kQ 0% Zero 0kQ to 1kQ - - - -
30% 3kQ 2kQ to 4kQ 3 1 2.9* 4.2*
100% (FR) | 10kQ [1] 9kQ to 11kQ 3 1 2.9 4.2
190% 19kQ 18kQ to 19.5kQ 3 1 2.9* 4.2*
100kQ 0% Zero 0kQ to 10kQ -—- -—- -—- -—-
30% 30kQ 20kQ to 40kQ 5 1 5.5* 7.4*
100% (FR) | 100kQ [1] | 90kQ to 110kQ 5 1 55 7.4
190% 190kQ 180kQ to 195kQ 5 1 5.5* 7.4*
1MQ 0% Zero 0MQ to 0.1MQ -—- -—- -—- -—-
30% 300kQ 0.2MQ to 0.4MQ 8 15 10.9* 13.5*
100% (FR) | 1MQ [1] 0.9MQ to 1.1MQ 8 15 10.9 13.5
190% 1.9MQ 1.8MQ to 1.95MQ 8 15 10.9* 13.5*
10MQ 0% Zero 0MQ to IMQ -—- -—- -—- -—-
30% 3MQ 2MQ to 4MQ 12 2 20.4* 23.6*
100% (FR) | 10MQ [1] 9IMQ to 11MQ 12 2 20.4 23.6
190% 19MQ 18MQ to 19.5MQ 12 2 20.4* 23.6*
100MQ 0% Zero 0MQ to 10MQ -—- -—- -—- -—-
30% 30MQ 20MQ to 40MQ 180 20 82.3* 197.9*
100% (FR) | 100MQ [1] | 90MQ to 110MQ 180 20 82.3 197.9

* Uncertainties marked with an asterisk (*) are estimated but not fully traceable.
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DC Current
30 Day Transfer +ppm of measurement band nominal value [2]
Range Measurement Band Transfer ~ Temperature MTS Control Software Uncertainties [5]
Stability Coefficient
Band Nominal Band Span [3] MTS_CAL CAL_CAL
Name Value Cal. Uncertainty [3] Uncertainty [4][6]
TCAL+1°C | TCAL+5°C TCAL = 1°C TCAL + 1°C
+(ppm) +(ppm/°C) +(ppm) +(ppm)

100pA | 0% (Zero) 0A -10pA to +10pA
100% (FR) | +100pA [1] | +90pA to +110pA 7 10 20.1 21.3

-100pA -110pA to -90pA 7 10 20.1 21.3

1mA 0% (Zero) 0A -0.1mA to +0.1mA - - - -
100% (FR) | +1mA[1] | +0.9mA to +1.1mA 7 10 10.7 12.8

-1mA -1.1mA to -0.9mA 7 10 10.7 12.8

10mA | 0% (Zero) 0A -1mA to +1mA --- - - -
100% (FR) | +10mA [1] +9mA to +11mA 7 10 10.3 12,5

-10mA -11mA to -9mA 7 10 10.3 12,5

100mA | 0% (Zero) 0A -10mA to +10mA - - - -
100% (FR) [+100mA [1]| +90mA to +110mA 7 10 14.6 16.2

-100mA | -110mA to -90mA 7 10 14.6 16.2

1A 0% (Zero) 0A -0.1A to +0.1A
100% (FR) | +1A[1] +0.9A to +1.1A 15 10 24.1 28.4
-1A -1.1A to -0.9A 15 10 24.1 28.4

10A 0% (Zero) 0A -1A to +1A
[7 100% (FR) | +10A[1] +9A to +11A 20 10 54.3 57.8
-10A -11A to -9A 20 10 54.3 57.8

Notes

[1] The 100% band Nominal Value is also nominal 'Full Range' value (FR).
[2] Itis assumed that all zero DC offsets are removed before gain measurements are made.
This is true when under the control of the MTS_CAL and CAL_CAL programs of the automatic MTS Control Software.

[83] Assumes a successful 4950 transportation loop closure.
[4] Assumes a successful 4950 transportation loop closure within the 4950 30 day transfer specification.

[5(] MTS_CAL and CAL_CAL refer to the automatic MTS Control Software.

[6] For calibrator calibration, the CAL_CAL tolerance is the combination of the Transfer Stability specification and
the MTS_CAL uncertainty to 95% minimum confidence level
[7]  Only when used in conjunction with the Model 4953 10A Shunt.
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Section 6 - Specifications

TRANSFER SPECIFICATIONS (contd.)

N.B. All specifications are valid only within the Measurement Band Span and within the Frequency Band Span.
All specifications are valid only if the 4950 is used with its own individual characterized input connecting lead.
FCAL is the frequency within a band at which Certified Calibration of the 4950 was most-recently carried out.
TCAL is the internal temperature recorded by the 4950 at exit from its most-recent Certified Calibration.

AC Current
30 Day Transfer Stability +ppm of measurement band nominal value (within FCAL * 1%) (within TCAL * 1°C) [3]
Frequency Band Range
Measurement Band Name and Span
Nominal Span
100pA [1] 1mA [1] 10mA [1] 100mA [1] 1A [1] 10A [1][7]
100% 100% 100% 100% 100% 100%
90pA-110pA 0.9mA-1.1mA 9MA-11mA 90mA-110mA 0.9A-1.1A 9A-11A
10Hz 9Hz - 11Hz 50 40 40 40 40 200*
20Hz 18Hz - 22Hz 50 40 40 40 40 200*
30Hz 27Hz - 33Hz 50 40 40 40 40 200*
40Hz 36Hz - 44Hz 50 40 40 40 40 200
55Hz t 46.25Hz-63.75Hz 50 40 40 40 40 200
300Hz 1 270Hz - 440Hz 50 40 40 40 40 200
1kHz 0.9kHz - 1.1kHz 50 40 40 40 40 200
5kHz 4.5kHz - 5.5kHz 100 70 70 70 70 300
10kHz 9kHz - 11kHz 300* 200* 200* 200* 200* 600
20kHz 18kHz - 22kHz 300 300 300 300 300 1000*
30kHz 27kHz - 33kHz 500 500 500 500 500 ---

T Frequency bandwidths extended to include common power-supply frequencies. (50Hz & 60Hz on 55Hz band; 400Hz on 300Hz band)
* Uncertainties marked with an asterisk (*) are estimated but not fully traceable.

Notes
[1] The 100% band Nominal Value is also nominal 'Full Range' value (FR).
[2] Itis assumed that all zero DC offsets are removed before gain measurements are made.
This is true when under the control of the MTS_CAL and CAL_CAL programs of the automatic MTS Control Software.
[83] Assumes a successful 4950 transportation loop closure.
[4] Assumes a successful 4950 transportation loop closure within the 4950 30 day transfer specification.
[5] MTS_CAL and CAL_CAL refer to the automatic MTS Control Software.
[6] For calibrator calibration, the CAL_CAL tolerance is the combination of the Transfer Stability specification and
the MTS_CAL uncertainty to 95% minimum confidence level
[7]  Only when used in conjunction with the Model 4953 10A Shunt.
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AC Current
Temperature Coefficient  +ppm of measurement band nominal value/°C (within FCAL + 1%) (within TCAL * 5°C)
Frequency Band Range
Measurement Band Name and Span
Nominal Span
100pA [1] 1mA [1] 10mA [1] 100mA [1] 1A [1] 10A [1][7]
100% 100% 100% 100% 100% 100%
90pA-110pA 0.9mA-1.1mA 9MA-11mA 90mA-110mA 0.9A-1.1A 9A-11A
10Hz 9Hz - 11Hz 20 20 20 20 20 40*
20Hz 18Hz - 22Hz 20 20 20 20 20 40*
30Hz 27Hz - 33Hz 20 20 20 20 20 40*
40Hz 36Hz - 44Hz 20 20 20 20 20 40
55Hz t 46.25Hz-63.75Hz 20 20 20 20 20 40
300Hz T 270Hz - 440Hz 20 20 20 20 20 40
1kHz 0.9kHz - 1.1kHz 20 20 20 20 20 40
5kHz 4.5kHz - 5.5kHz 20 20 20 20 20 50
10kHz 9kHz - 11kHz 30* 30* 30* 30* 30* 80
20kHz 18kHz - 22kHz 70 70 70 70 70 120*
30kHz 27kHz - 33kHz 90 90 90 90 90 ---

t Frequency bandwidths extended to include common power-supply frequencies. (50Hz & 60Hz on 55Hz band; 400Hz on 300Hz band)

* Uncertainties marked with an asterisk (*) are estimated but not fully traceable.
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TRANSFER SPECIFICATIONS (contd.)

N.B. All specifications are valid only within the Measurement Band Span and within the Frequency Band Span.
All specifications are valid only if the 4950 is used with its own individual characterized input connecting lead.
FCAL is the frequency within a band at which Certified Calibration of the 4950 was most-recently carried out.
TCAL is the internal temperature recorded by the 4950 at exit from its most-recent Certified Calibration.

AC Current: MTS Control Software Uncertainties  [3][5]:
MTS_CAL Uncertainties +ppm of measurement band nominal value (within FCAL + 1%) (within TCAL + 1°C)

Frequency Band Range
Measurement Band Name and Span
Nominal Span
100pA [1] 1mA [1] 10mA [1] 100mA [1] 1A [1] 10A [1][7]
100% 100% 100% 100% 100% 100%
90pA-110pA 0.9mA-1.1mA 9MA-11mA 90mA-110mA 0.9A-1.1A 9A-11A
10Hz 9Hz - 11Hz 122 117 113 113 165 235*
20Hz 18Hz - 22Hz 122 117 113 113 165 235*
30Hz 27Hz - 33Hz 107 101 96 96 157 234*
40Hz 36Hz - 44Hz 85 80 75 75 109 212
55Hz t 46.25Hz-63.75Hz 85 80 75 75 109 196
300Hz T 270Hz - 440Hz 85 80 75 75 109 196
1kHz 0.9kHz - 1.1kHz 85 80 75 75 109 196
5kHz 4.5kHz - 5.5kHz 129 123 115 115 212 257
10kHz 9kHz - 11kHz 300* 260* 260* 260* 260* 337
20kHz 18kHz - 22kHz 330* 285* 285* 285* 285* 1200*
30kHz 27kHz - 33kHz 400* 350* 350* 350* 350*

T Frequency bandwidths extended to include common power-supply frequencies. (50Hz & 60Hz on 55Hz band; 400Hz on 300Hz band)
* Uncertainties marked with an asterisk (*) are estimated but not fully traceable.

Notes
[1] The 100% band Nominal Value is also nominal 'Full Range' value (FR).
[2] Itis assumed that all zero DC offsets are removed before gain measurements are made.
This is true when under the control of the MTS_CAL and CAL_CAL programs of the automatic MTS Control Software.
[83] Assumes a successful 4950 transportation loop closure.
[4] Assumes a successful 4950 transportation loop closure within the 4950 30 day transfer specification.
[5] MTS_CAL and CAL_CAL refer to the automatic MTS Control Software.
[6] For calibrator calibration, the CAL_CAL tolerance is the combination of the Transfer Stability specification and
the MTS_CAL uncertainty to 95% minimum confidence level
[7]  Only when used in conjunction with the Model 4953 10A Shunt.
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AC Current: MTS Control Software Uncertainties  [5]:

CAL_CAL Uncertainties

+ppm of measurement band nominal value (within FCAL * 1%) (within TCAL + 1°C) [4][6]

Frequency Band Range
Measurement Band Name and Span
Nominal Span
100pA [1] 1mA [1] 10mA [1] 100mA [1] 1A [1] 10A [1][7]
100% 100% 100% 100% 100% 100%
90pA-110pA 0.9mA-1.1mA 9mMA-11mA 90mA-110mA 0.9A-1.1A 9A-11A
10Hz 9Hz - 11Hz 132 124 120 120 170 308*
20Hz 18Hz - 22Hz 132 124 120 120 170 308*
30Hz 27Hz - 33Hz 118 109 104 104 162 308*
40Hz 36Hz - 44Hz 99 90 85 85 116 292
55Hz t 46.25Hz-63.75Hz 99 90 85 85 116 280
300Hz T 270Hz - 440Hz 99 90 85 85 116 280
1kHz 0.9kHz - 1.1kHz 99 90 85 85 116 280
5kHz 4.5kHz - 5.5kHz 163 142 134 134 223 395
10kHz 9kHz - 11kHz 550* 450* 450* 450* 385* 688
20kHz 18kHz - 22kHz 550* 465* 465* 465* 610* 1600*
30kHz 27kHz - 33kHz 550* 515* 515* 515* 480*

t Frequency bandwidths extended to include common power-supply frequencies. (50Hz & 60Hz on 55Hz band; 400Hz on 300Hz band)

* Uncertainties marked with an asterisk (*) are estimated but not fully traceable.
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Composition of Overall Tolerance of Transfer Measurements

Applying Temperature Coefficients Temperatures and Calculated Temperature Differences

The amount of additional uncertainty, due to the temperatuidthough TCAL has been measured and recorded, it does not
difference between the current internal temperature and thahatd to be used directly in the calculation of overall transfer
Certified calibration (TCAL), needs to be combined with thablerance. What s required is the difference between the current
of the Transfer Stability, to arrive at the overall tolerance oftamperature and TCAL. Thisis calculated in internal software
traceable transfer measurement. and can be found by front panel or remote operations as detailed

Extent of Traceability below:

The Transfer Stability specification is valid withiri°C of 1. Front Panel Operation

TCAL, with no addition for temperature difference. Outside Section 4:Monitor group of menus:

this temperature range, and extending to TG&CC, the Page 4-6shows how to open thRTERNAL TEMP: menu to
uncertainty due to the temperature difference is given as the give the measured current internal temperature (and the
Temperature Coefficient. Beyond TCABR°C, measurements external ambient temperature GERT AMB" - which was

are not considered to be traceable. entered by the user at the most-recent Certified calibration).
With this in mind, the definition of TCAL, and the alternative Page 4-6also gives the method of opening ttEmpP DIFF:
methods used to measure and record it, are as follows: menu to give the the differences between the measured
Definition of TCAL current internal temperature and:

a. that measured at Baseline calibratipase).
b. that measured at Certified calibrati@@ERT). This is
called T, under "Definitions" below.

In the context of these specificationmgAL is the internal
temperature at the most-recent Certified calibration of the
4950. Itis normally written into non-volatile RAM during exit
from Calibration mode, by one of two automatic methods: 2. Remote Operation

1. Front Panel Operation Section 5:Instrument Configuration:

Section 4pages 4-35 and 4-40. Page 5-565ho.vv.s theCERT_AMB? comr_nand which obtains .
By pressing thé&xit soft key in theCAL menu, then the a response giving the external ambient temperature vvhmh
Yes soft key in theUPDATE CAL DATE/TEMP ON was entered by the user at the most-recent Certified
EXIT? menu. calibration.

Page 5-5@lso shows theemP? command which obtains a

response giving either:

a. the measured current internal temperature,

b. the difference between the current internal temperature
and that measured at Baseline calibratBnsE),

c. the difference between the current internal temperature
and thatmeasured atthe most-recent Certified calibration
(CERT). This is called Junder "Definitions" below.

2. Remote Operation
Section 5page 5-96.
By sending théDATE data element as part of tE&XIT
Command when exiting Calibration mode.

6-14



Section 6 - Specifications

Calculating the Overall Tolerance Method of Combining Uncertainties
The overall tolerance is acombination of two types Ofuncerta"‘LtJY‘lcertainties should be combined using a two-part calculation. The method

(the Transfer Stability and the uncertainty due to temperatui@scribed can produce a 99.9% confidence level (i.e. the probability of an
difference from that at Certified calibration). erroneous tolerance is one part per thousand).

The method aims to achieve a 99.9%-safe tolerance The method combines the worst-case arithmetic summation result with the
Root-Sum-of-Squares (RSS) result, in a geometric mean.

Definitions Uncertainties to be combined: 5, E, ...

Uncertainty Contribution of the

. Worst-case arithmetic summatio
Temperature Difference B)(

2EE+EYES .
The basic Transfer Stability specification extends out to TGAIC. To
determine how much of the difference in internal temperature between curr&ot-Sum-of-Squares: RSSHE+E’+..)

use and Certified calibration will contribute uncertainty to the overall tolerance: ) o
Combination with 99.9% safe description of the overall tolerance:

Measured current internal temperature ig) (T = V(3 x RSS)
Measured internal temperature at Certified calibration was (TCAL)

Temperature difference JT T, = T,- TCAL
T, can be found by the local or remote means described earlier.

See Overleaf for Examples:

As the basic Transfer Stability specification is valid out to T@ALC, the only
portion of the temperature difference which contributes to uncertainty|is (|T
1)°C when this expression is positive.

The contribution can be found by reading the temperature coefficient from the
relevant specification for Function/Range/Measurement Band/Frequency Band
(in ppm of measurement band nominal val®t€) and multiplying it by (/] -

1)°C. The result will be in ppm of the measurement band nominal value.
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Examples of Combining Uncertainties:

Example 1

Function: DC Voltage
Range: 10v
Calibration point: +10V
Reference: Page 6-3

Current internal temperature, (T
T. = 21.6°C

Temperature at Certified calibration (TCAL):
TCAL = 23.2°C

Temperature difference (Cert) JT
T, = -1.6°C

Example 2

Function: AC Voltage
Range: 100V

Calibration point: +100V @ 200kHz
Reference: Pages 6-4 and 6:5

Current internal temperature, (T
T = 22.4°C

Temperature at Certified calibration (TCAL):
TCAL = 19.7°C

Temperature difference (Cert) JT
T, = 2.7°C

(T, can be found directly by the local or remote means described earlier.) (T, can be found directly by the local or remote means described earlier.)

Transfer Stability

(E) +1.5ppm

Temperature Coeff. +0.5ppm/°C

Temperature Difference to be applied:
[Td|-1 = |-1.6]-1
= 0.6°C

Transfer Stability
(E) = £50ppm

Temperature Coeff. = +10ppm/°C

Temperature Difference to be applied:
[Td|-1 = [2.7]-1
= 1.7°C

Uncertainty due to Temp. Difference (read from the Temperatudacertainty due to Temp. Difference (read from the Temperature

Coefficient table and multiplied by (|Td| - 1):
0.6°C x 0.5ppm/°C = 0.3ppm

Worst-case summation:
> = 15+03

1.8

Root-Sum-of-Squares:
RSS = V(1.52+0.3?%)

1.53ppm

V(1.8 x 1.53)
1.66ppm

Geometric mean:

Coefficient table and multiplied by (|Td| - 1):
1.7°C x 10ppm/°C = 17ppm

Worst-case summation:
> = 50+17

67

Root-Sum-of-Squares:
RSS = V(50%+ 17?)

52.8ppm

Geometric mean: V(67 x 52.8)

59.5ppm
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Other Specifications

Sample Size and Resolution

Funct. Range Sample Size Resolution
(internal readings) (digits)
Low Acc. |High Acc. |ow Acc. Hligh Acc.
DCV 100mv 4 128 6.5 7.5
1V-1000V 4 64 6.5 7.5
ACV imVv 1 8 4.5 5.5
10mV-1000V 1 8 5.5 6.5
Ohms 10Q 4 128 6.5 7.5
100Q - 1IMQ 4 64 6.5 7.5
10MQ & 100MQ 4 128 6.5 7.5
DCI 100pA-10A 1 32 5.5 6.5
ACI 100pA-10A 1 8 5.5 6.5
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SECTION 7

SPECIFICATION VERIFICATION

Introduction
General ‘Transfer Verification'

Under normal circumstances the 4950 will be uselah order to verify that the instrument conforms to
within an automatic system. The control softwarés specification (i.e. its transfer stability is
package provides for baseline verification duringnaintained), it is necessary to perform the Pre-
normal operations (as pre- and post-transportatidransportation and Post-transportation comparison

performance checks). programs, separated by a period of 30 days.

_ Following both the 'Pre- and Post-transportation'
Pre- and Post-Transportation comparison procedures, the MTS Control Software
Comparisons will generate two files, one containing the Pre-

. . _transportation comparison figures, and the other
As a Multifunction Transfer Standard, the 4950 IXontaining the difference beween the Pre-

requ!r_ed_to maintain its Transfer Stab|l|ty transportation and Post-transportation
specification for a period up to, but not exceedin omparisons. If the difference between

30days fromits most-recent Certified Callbrat'o""(:orresponding figuresis out of limits, then 'Transfer
Traceability is transferred from a Standard®/erification' will be deemed to have been
Laboratory to a User's Calibration Laboratory byunsuccessful.

a. performing a'Certified Calibration' onthe 4950

at the Standards Laboratory. Comparison Results
b. physically moving the 4950 between the tWarefer to the MTS Control Software User's
laboratories. Handbook.

c. using the 4950 to calibrate the calibrator at the
User's calibration Laboratory.

To check that its stability specification has been
maintained during the process, the 4950 is subjected
to two 'baseline' comparisorgainst the same
stable sourcebefore and after the journey.

These comparisons are described in outline (two
scenarios) irsection 1, pages 1-2 to 1-Please
refer back to these pages before proceeding.
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SECTION 8

CERTIFIED CALIBRATION

Introduction

General

Under normal circumstances the 4950 will be usedMPORTANT: The following procedures allow
within an automatic system. The MTS Controthe 4950 to be recalibrated to external calibration
Software package provides for certifiedstandards. To verify the 4950’s performance to
calibration as an integral function of the 495Gspecification without affecting the instrument’s
normal operation. It is expected that thecalibration memory, refer to Section 7 of this
instrument, almost exclusively, will be calibratedhandbook.

under the direction of this software. Therefore this

section is included only for those occasions when

the use of the MTS Control Software is

inappropriate.

Autocal

The 4950's Autocal feature allows full control ofThe 4950 automatically assumes that the target
external calibration, either from the unit's frontvalue is the nominal calibration point for the band.
panel controls or via its integral IEEE-488.2 bu$rovision is also made for the user to enter the true
interface. The Autocal feature eliminates thevalue of the calibration source where this differs
thermal disturbance that would occur if thefrom the nominal calibration point.

Instrument's covers had to be removed.dun.ng\ccess to the Autocal function is protected by a
calibration, and it greatly speeds up the CaIIbra‘['onaar—panel slide switch. This switch must be setto

Process. the ‘Enable’ position before the autocal feature
To perform autocalibration, appropriatecan be operated.

ca!ibration inputs are applied to the 4950 for eacl? is not always necessary to perform a full range of
of its measurement and frequency bands. As ea Qlibration procedures. Because each of the

oftheseinputsisappliedtotheinstrument,asingggfso.s ranges and bands can be calibrated

depression of the front-panel *Caltrig’ key or a eparately, without affecting other ranges and

appropriate |EEE-488.2 calibration cOMmMang,,4s: the 4950 can be partially recalibrated if
causes the 4950 to calculate an appropriate dlglgqjquired

calibration constant, which is stored in non- o I .
volatile memory within the instrument. TheseT he calibration procedures detailed in this section

calibration constants are Subsequenﬂy used @psume that the required values are available as a
correct the output of the 4950's internal A/Ddirect calibration source for the 4950. No further

converter so that the instrument provides accurat@structions are given as to the means of setting up
measurements of the input signal. those values.
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General Outline of Calibration Operations

Detailed descriptions of the individual operations available in Certified Calibration mode appear in
earlier sections as follows:

Section 4Manual (front panel) calibration menus and kegages 4-34 to 4-40.
Section 5|EEE 488 calibration command codes and quenpegjes 5-80 to 5-96.

The program overview of the CAL group of menus, showBeiction 4 page 4-3% repeated opposite
for convenience. The manual calibration process generally conforms to a set sequence of operations,
using the menu selections shown in the overview. This section is a guide to these sequences.

The CAL Menu

Front Panel Cal key Amb

Pressing the front-panélal key, with the rear- TheAmb menu option allows either 20 or 23C
panel CALIBRATION switch set to the to be recorded (as the temperature to which the
ENABLE position, opens th&€ AL menu as ambient at Certified Calibration is closest).
illustrated opposite. Lead

IMPORTANT: ThelLead key calibrates the input cable assembly
While theCAL menu or any of its menu options isfor use in Ohms mode. Certain enabling selections
displayed, theCaltrig key is enabled, and when must be preset.

pressed alters the contents of the calibratio8pcl

memory. To avoid the risk of inadvertentlyThis key is used to enter Baseline calibration
overwriting previous calibration data, t8altrig mode, and should not be used except during
key should be used only for genuine calibratiomanufacture and by repair formations.
operations.

. . . X
TheCAL menu provides the following functions: This key is used to close calibration mode. Itopens
Set an update menu as shown opposite.
The Setmenu option allows the operator to entek o Panel Config Key

the known value of a calibration input where thi%hen in Calibration mode, th@onfig key and
Q|ffers from the. nominal vaIueSetmust be used menu are used to assign an input lead and a 4953
immediately prior to use of th@altrig key. 10A Shunt to this particular 4950 by registering
Freq their serial numbers in non-volatile memory.
TheSET_FREQmenu option allows a particular

calibration source frequency to be entered as targetirther Information

value for frequency calibration, using the numertiefer toSection 4or more information about the
keyboard. CAL menu options. The relevant pages are shown

Date in the overview opposite.
TheDate menu option allows modification of the
current date, using the numeric keyboard.
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CAL Group of Menus - Overall View

Page 4-36 Triggers routine calibration of the

Ca Caltrig currently-selected function, range and
W— —————— I— —>> measurement band (and frequency
band for AC functions); at the nominal
Rear Panel | — calibration point.
CALIBRATION switch I
to 'ENABLE' C )
J_ Config

|
AL
Set — Shunt#

Y

Cal Legend Lit —> R CALCONFIG T |
Page 4-37 Freq Lead# LEAD SER # XXXHXXXXKXXXKX
W Date Page 4-39 XXXXXXXXXXXX Enter ¥
yyyy:mm:dd hh:mm Amb Page 4-37 Enter 1 Quit t
Enter U Lead e SET VALUE QUIt t Numeric
Quit Y Spcl 3 EXXX...... EEXX : Keyboard
Exit £ Numeric N\
Numeric nt(-er 0 | Keyboard \/\\
Keyboard Page 4-36 Quit %W
(\\Q\)\\ Numeric \/L\ i
Keyboard Caltrig
— Em\ SET VALUE T SIS
\ \} AXXX......EEXX
Special Calibration is the menu CALIBRATING LEAD Page 4-37
name for Baseline Calibration, RESISTANCE - , , I
which is intended to be used only B SETFREQ Tngget:s Rlouilnde fCaItl_branon of thz
during manufacture and after a » +XXX......ExXX fr:g;esnury(;;ee?& ebanl:jnc(;:j’ :‘?ggﬁeiz
major componentchange. Access LE= D L i Joh Enter band for AC); at the voltage cal?bratiox
is via a passnumber which is not COMPLETE t ; 0 int defi d’b the SET g | +
generally made available. The P Quit PoINt CeAnec By the vae:
age 4-38
Spcl soft key should not be used. Numeric
If Spcl is inadvertently selected, Keyboard Caltrig
usein the PASS # menu to — SET FREQ T I
revert to the CAL menu. \)\\
HXXX.....E£XX
b NOMINAL CAL

UPDATE CAL DATE/ AMBIENT (CERT
TEMP ON EXIT?

Cal date and Cal temp Yes 20°C *
automatically updated N 23°C T
]

Page 4-38
Page 4-40

Triggers Routine Calibration of
Frequency at a point defined by the SET
value.

O
1

Reverts to CAL menu.
Reverts to CAL CONFIG menu.

RECORDING TEMPERATURE CALIBRATION MODE

Cal Legend Off TERMINATED 1

AND REFERENCE VALUES

Escape via any front panel menu key.
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Preparation

Familiarization and Safety Enter Calibration Mode

WARNING THIS INSTRUMENT CAN 1. Set the rear-pan€@ALIBRATION switch
DELIVER A LETHAL to theENABLE position.

ELECTRIC SHOCK. NEVER
TOUCH ANY LEAD OR 2. Pressthe front-pan€al key to display the

TERMINALUNLESS YOU ARE CAL menu.
ABSOLUTELY CERTAIN
THAT NO DANGEROUS .
VOLTAGE IS PRESENT. Check the Date and Time
SEE THE SAFETY ISSUES 1 In th_eCAL menu, press thbate soft key to
SECTION AT THE FRONT OF obtain theDATE/TIME menu.
THIS MANUAL. Cm %
. R\\\\ Set Freq | Date | Amb Lead Spcl Exit ‘
Environment and Warm-Up N N~
Set up the calibration equipment in a stable K)\
environment at 2 + 1°C or 20C + 1°C,
power on and allow to stabilize for the @
required warm-up periods. The 4950 should yyyy:mm:dd:nh:mm Enter _ Quit
be alloyved to stabi!ize until the 6-hour warm- yyyy = 4-character year
up period has expired. mm = 2-character month
dd = 2-character day
Confidence Selftest hh = 2-character hour (24 hr clock)
mm = 2-character minute

Ensure that the input lead is disconnected
from the 4950 front panel. 2. Check the date and time shown on the dot-

matrix display. If correct, presauit to return

Select th&EST menu by pressing the front- to theCAL mendu.

panel Test key and select the&onf

(Confidence Test) menu option. Allow the3. If required, correct the display using the
operational self-test to run to completion, at numeric keyboard, referring 8ection 4, page
which point the 4950 should display: 4-37. When correct, pregnter to return to

the CAL .
CONFIDENCE TEST COMPLETED © mend

If during the operational self-test the 4950
displays a four-figure number starting with 2
(Confidence Test Unsuccessful) the unit
probably has a fault. In this case, note the
number and contact your local service centre.
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General Sequence for Full Instrument Calibration
(NB. to meet user's need, just one range on one function can be calibrated)

ENABLE DISABLE

I

CALIBRATION

Cal

SET FREQ

DCI

ACI

Ohms
N —

CAL  Exit

S2
ENABLE DISABLE

L rm-!

CALIBRATION

Slide the rear panel CALIBRATION switch to ENABLE.

Press Cal key to open CAL menu and Enter Calibration mode -
Front Panel Cal annunciator lit.
Caution : The Caltrig key is enabled!

ACV 1V/10V Range:
Signal Frequency:
Adjustment:

10V Range:
Other Ranges:

10V range:
1kV range:
Other ranges:

All Ranges:

All Ranges:

10Q Range:
100MQ Range:
Other Ranges:

Signal within 100% measurement band

Set to Default 300Hz or Nominated Frequency 300Hz-400Hz.

+10% of set frequency

0%, 100% and 190%
0% and 100%.

100% and 190% @1kHz.
1kV or 700V on all frequency bands.
100% on all frequency bands.

0% and 100%
(10A Range requires 10A shunt Model 4953)

100% of range on all Frequency Bands.
(10A Range requires 10A shunt Model 4953)

0%, 10%, 30%, 100% and 190%
0%, 30% and 100%
0%, 30%, 100% and 190%

Request Exit from Calibration mode and CAL menu.

Update Requested for Temperature and Reference values as required.
Calibration mode terminated - Front Panel Cal annunciator extinguished.
Caltrig key is disabled.

Slide the rear panel CALIBRATION switch to DISABLE.
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Calibration Setup

Enter Calibration Mode Input Lead Serial Number

The following procedures represent thel. With theCAL menu displayed, press the front-
recommended order of calibration, giving all the panelConfig key to obtain th€AL CONFIG
necessary setting-up commands. menu.

1. Ensure thatall equipment s correctly warmed~°" m
up, and that the 4950 has successfully complet RQ\)\ SOk [ Lead |

its 'Confidence' selftesiRefer to page 8-4 “Q\)\
2. Ensure that the rear-panel CALIBRATION
switch is set to 'ENABLE'. 2. IntheCAL CONFIG menu, press the saffad#
S2 key to obtain th& EAD SER # menu.

ENABLE DISABLE

L ] | LEAD SER #
CALIBRATION X000xx_| [ Enter [ ouit |

3. Press the front-panehl key to enter the CAL 3. Check that the serial number marked on the
menu. 4950 input cable assembly is the same as that
displayed on the dot-matrix display. If the
o |5t Feq bee TR e IEEETST] numbers match, press tiqit soft key to
\)\ return to theCAL CONFIG menu. If not,
consult the local Calibration Manager, as the
new Ohms lead will require 2-wire Ohms

Cal

The Legend lights on the Main (Left-hand)  -haracterization Refer to page 8-23
Display.
p. Y ) . 4. After consultation, if it is required to change
Caution: The Caltrig key is enabled! cable assemblies, the serial number of the new
N ) cable should be entered before characterization
Certified Corrections using the numeric keyboard. The new number

When in Calibration mode (and with 'Spcl' not  Will appear on the dot-matrix display. To
selected), the 4950 forces Certified corrections record this number, press theter soft key.
ON, so there is no need to set 'ON' manually. In The display returns to ti@AL CONFIG menu.
any case, the front-pan€krt key is disabled.
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10A Shunt Serial Number Record the Ambient Temperature

Inthe eventthat calibration of the 4950 10A Rang&he external ambient temperature of the calibration
is required, the designated model 4953 10A Shutdboratory should be recorded in 4950 memory; so
serial number must be recorded in 4950 memorthat in any subsequent calibration of a calibrator,
Then for subsequent use of the range to calibrateearors due to thermal difference can be taken into
calibrator, the actual and recorded numbers wiiccount.

match. 1. Revert to theCAL menu by pressing the front

1. Press the front-pan€bnfig key to obtain the panelCal key.

CAL CONFIG menu. =
al »
Config RV\\\\ Set  Freq Date IAmb I Lead Spcl  Exit
Chg\;\ Ishunt#| Lead# ‘ \)\ Q\Q\)\

2. In theCAL menu, press thamb soft key to

2. IntheCAL CONFIG menu, press the safunt# obtain theNOMINAL CAL AMBIENT (CERT)
key to obtain th&HUNT SER # menu. menu.

NOMINAL CAL AMBIENT (CERT)

20°C [ 23°C
XXXXXXX | | Enter | Quit |
3.

Decide whether the local lab temperature is
closer to 20C or 23C. In theNOMINAL CAL
AMBIENT (CERT) menu, press the appropriate
soft key.

3. Check that the serial number marked on the
Model 4953 10A Shunt is the same as that
displayed on the dot-matrix display. If the
numbers match, press ti@uit soft key to 4. Revertto theCAL menu by pressing the front
return to th&€AL CONFIG menu. Ifthe numbers panelCal key.
do not match, consult the system manager, as
there may be some administrative problem. Nominal and Non-Nominal

4. After consultation, if it is required to calibrate Target Values
the 10A range using a different shunt, the serial
number of the new shunt can be entered usina;|
the numeric keyboard. The new number wilf
appear on the dot-matrix display. To record’
this number in non-volatile memory, press théi'reCtly'

Enter soft key. The dot-matrix display returnsTarget values at other than nominal will require the
to theCAL CONFIG menu. use of theset facility in the CAL menu.

e above 'Calibration Setup' actions will have set
nditions for the 4950 to be calibrated. Nominal
alues of measurement bands can now be calibrated
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Frequency Calibration
Initial 4950 Setup

Connect 4950 to Calibration Source
WARNING

TOUCH ANY LEAD OR TERMINAL UNLESS YOU ARE ABSOLUTELY
CERTAIN THAT NO DANGEROUS VOLTAGE IS PRESENT.

i THIS INSTRUMENT CAN DELIVER A LETHAL ELECTRIC SHOCK. NEVER

1. Ensure that the calibration source OUTPUT is OFF and Local Guard is selected.

2. Connect the 4950 to the calibration source.

To Calibrate Frequency at 300Hz on the ACV 1V range at 1V.

After the initial setup and connecting up, use the following general sequence to calibrate the frequency.

Frequency Calibration Procedure

4950
Press theACV key to obtain the AC\Wanges
menu:

Acvm imv_ tomv toomv[ 1v | 10v 100V kv |
| il

Press the 1\tange soft key to obtain the 1V
range's defaufrequency bandmenu.

<-- | 300 | 1k
!
Press the&00 soft key to select the 300Hz
frequency band.

10k 20k > |

Calibration Source
Select ACV output of 1V at 300Hz.

Set OutpuDN.

4950
Press theal key to see theAL menu.

Cal
m Set | Freq | Date Amb Lead Spcl  Exit

SelectFreq to obtain theSET FREQ menu.
The SET FREQ menu always shows the nominal
frequency for the band. e.g:

0.30000000E+03 | | Enter | quit |

Press th&nter key.

Pres<Caltrig.  Calibration is complete when
theBusy legend goes out.

Calibration Source
Set OutpuDFF.
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To Calibrate at a Local Standard Frequency (300-400Hz).

After the initial setup and connecting up, use the following general sequence to calibrate the frequency.

Frequency Calibration Procedure

Calibration Source 4950
Set to the local 300Hz - 400Hz standard Press theal key to see th€AL menu:
frequency at the nominal output voltage for the

100% band of one of the 4950 ranges (1V or |ca
10V is preferable). Q\Q\;\ Set | Freq | Date Amb Lead Spcl  Exit

4950
Press thé&CV key to obtain th&CV ranges
menu (defaulted to 1kV range):
SelectFreq to obtain theSET FREQ menu.

The SET FREQ menu always shows the nominal
ACVE\\\ imV  10mV 100mV 1V 1oV 100V [ 1kv |
\A frequency for the band. e.g:

Press the appropriatangesoft key which 0.30000000€+03 | [enter | out |

corresponds to the Calibration Source output.
This will obtain that range's defaditequency Using thenumeric keys,key in the true output

bandsmenu: frequency of the standard, then pressEhter
key.
Range: Hz =
= | 300| 1k 10k 20k -> | PresCaltrig. Calibration is complete when
m theBusy legend goes out.
: Calibration Source
Press the&00 soft key to select the 300Hz Set OutpudFF.

frequency band (this frequency band extends
from 270Hz to 440Hz, which allows for the
permitted+10% adjustment on 300-400Hz).

Calibration Source
Set OutpuON.
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DC Voltage Calibration

Initial 4950 Setup
1. Press th®CV key; select the00mV range.

DCV N |lOOmV| vV 10V 100V 1kv‘
A

Connect 4950 to Calibration Source

WARNING THIS INSTRUMENT CAN
DELIVER A LETHAL
ELECTRIC SHOCK. NEVER
TOUCH ANY LEAD OR
TERMINALUNLESS YOU ARE
ABSOLUTELY CERTAIN
THAT NO DANGEROUS
VOLTAGE IS PRESENT.

To Calibrate DC Voltage at
Nominal or Non-Nominal Values

After the initial setup and connecting up, use the
following general sequence to calibrate the bands
as shown on the table opposite. Do not calibrate
+100% or+190% bands without first having
calibrated their corresponding 0% band to the
source zero. Just one range can be calibrated if
required, but for a full calibration start with the
100mV range and work up to the 1kV range.

Nominal: To calibrate at Nominal values,
omit the operations in the shaded boxes .

Non-Nominal: The Setfeature allows a user to
enterthe true output value of the calibration standard
where it differs from nominal full range or zero. In
this caseinclude the shaded operations .

4950 Automatic *Band Selection
When calibrating DCV 100% and 190% bands,

1. Ensure that the calibration source OUTPUT ishere is no facility to select band polarity. The

OFF and Local Guard is selected.
2. Connect the 4950 to the calibration source.

4950 recognizes the input polarity and
automatically selects the appropriate positive or
negative version of the selected band.

Calibration Source Zeros

Before calibrating any 4950 range, ensure that for
calibration sources with positive and negative
outputs, both positive and negative zero outputs
have the same value.
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Band Calibration Procedure

4950
Press thé®CV key to obtain th®CV ranges
menu.

Press the requiredngesoft key to obtain that
range'sneasurement banasenu.

Press the requirdaandsoft key to select the
required measurement band

Calibration Source
Select required output for the band.
Set OutpuON.

4950
Press theal key to see th€AL menu.

Cal

Set Freq Date Amb Lead Spcl Exit‘

SelectSet to obtain theSET VALUE menu.

Range Band Target Value
100mv 0% omv
100mVv +100% +100mV
100mVv -100% -100mV
v 0% ov
1v +100% +1V
v -100% -1v
1oV 0% ov
1oV +100% +10V
1oV +190% +19V
1oV -100% -10V
1oV -190% -19v
100V 0% ov
100V +100% +100V
100V -100% -100V
1kV 0% 0okV
1kVv +100% +1kV
1kVv -100% -1kV

TheSET VALUE menu always shows the nominal
value for the band. e.g:

+ 0.00000000E+00 | [ Enter | quit |

DC Voltage Calibration Procedure -
Recommended Sequence
to Calibrate Ranges and Bands

Using thenumeric keys,key in the true output
value of the standard, then pressiner key.

4950
Pres<Caltrig.  Calibration is complete when
theBusy legend goes out.

Calibration Source
Set OutpuDFF.

8-11



Section 8 - Cetrtified Calibration

AC Voltage Calibration

Initial 4950 Setup
1. Press thdCV key; select thémV range.

acv N [imv [10mv zoomv av1ov 100v akv |
i [
AR

Connect 4950 to Calibration source

WARNING THIS INSTRUMENT CAN
DELIVER A LETHAL
ELECTRIC SHOCK. NEVER
TOUCH ANY LEAD OR
TERMINALUNLESS YOU ARE
ABSOLUTELY CERTAIN
THAT NO DANGEROUS
VOLTAGE IS PRESENT.

To Calibrate AC Voltage at
Nominal or Non-Nominal Values

After the initial setup and connecting up, calibrate
the ranges. Use the sequence of frequency bands
shown in the table, repeating the band calibration
procedure for each band. Just one range can be
calibrated if required; but for a full calibration,
start with the 1mV range and work up to the 1kV
range.

Nominal: To calibrate at Nominal values,
omit the operations in the shaded boxes .

Non-Nominal: The Set feature allows a user to
enterthe true output value of the calibration standard
where it differs from nominal.

In this caseinclude the shaded operations .

1. Ensure that the calibration source OUTPUT is

OFF and Local Guard is selected.
2. Connect the 4950 to the calibration source.
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Band Calibration Procedure

4950 4950

Press thé&CV key to obtain th&CV ranges Press theal key to see th€AL menu.

menu. cal

Press the requiredngesoft key to obtain that Set | Freq Date Amb Lead Spol it |
range'drequency bandmenu. SelectSet to obtain theSET VALUE menu.
Press the requird(bquenc)soft key to select TheSET VALUE menu alwayS shows the nominal
the requiredrequency band value for the band. e.g:

Note: On the 10V range at 1kHz, there are two

measurement bands at 100% and 190%. These %oaoﬂ | Enter | quit |
should both be calibrated, 100% first, using the

appropriate selection in th®V 1kHz menu Using thenumeric keys,key in the true output

value of the standard, then pressiner key.
Calibration Source
Select the required frequency and output targ
value for the band.

Set OutpuDN. *

495
gresscaltrig. Calibration is complete when
theBusy legend goes out.

Calibration Source
Set OutpuDFF.

AC Voltage Calibration Procedure -
Recommended Sequence to Calibrate Ranges and Frequency Bands
Work down the left-hand column in sequence from top to bottom, then move to the
next column, and so on. Use Nominal 100% Range values unless otherwise stated
Ranges: ImVv 10mvV 100mv v 10V 100V 1kV
Frequency 1kHz 1kHz 1kHz 1kHz 1kHz (10V & 19V)  1kHz 1kHz
Bands 1MHz 1MHz 1MHz 1MHz 1MHz 200kHz 30kHz
10Hz 10Hz 10Hz 10Hz 10Hz 10Hz 10Hz
20Hz 20Hz 20Hz 20Hz 20Hz 20Hz 20Hz
30Hz 30Hz 30Hz 30Hz 30Hz 30Hz 30Hz
40Hz 40Hz 40Hz 40Hz 40Hz 40Hz 40Hz
55Hz 55Hz 55Hz 55Hz 55Hz 55Hz 55Hz
300Hz 300Hz 300Hz 300Hz 300Hz 300Hz 300Hz
10kHz 10kHz 10kHz 10kHz 10kHz 10kHz 10kHz
20kHz 20kHz 20kHz 20kHz 20kHz 20kHz 20kHz
30kHz 30kHz 30kHz 30kHz 30kHz 30kHz -
50kHz 50kHz 50kHz 50kHz 50kHz 50kHz  50kHz @ 700Vv*
100kHz 100kHz 100kHz 100kHz 100kHz 100kHz 100kHz @ 700V*
300kHz 300kHz 300kHz 300kHz 300kHz 200kHz -
500kHz 500kHz 500kHz 500kHz 500kHz - -

* On the 1kV range at 700V, allow the input multiplier to stabilize thermally for 10 minutes.
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DC Current Calibration - 100 A to 10A Ranges

Use of Model 4953 10A Shunt

Rationale Identify the Model 4953 10A Shunt
In order to calibrate the 10A range, it is necessafress th®Cl key; select the00pA range.

to use a Model 4953 10A shunt.
If traceability is to be maintained, itis essential thg ¢, . |lOOuA| ImA  10mA 100mA 1A  10A |

same shunt be used when making any subsequen \A N
10A range measurements. For this reason, the \)\

serial number of the particular shunt used fo
calibration is placed into 4950 non-volatile
memory, and the DCI 10A range is locked out an{'€ny-

cannot be activated unless: cal “v\l y
a. Shunt# has been pre-selected in either th Kl\ Set Freq Date Amb Lead Spel it |

DCI CONFIG or ACI CONFIG menu, and
then:

E’ress the front panélal key to obtain theCAL

Press the front pan€bnfig key to obtain th€AL

_ CONFIG menu.
b. the serial number of the shunt used to

calibrate the 10A range has been entered ™™ m
the SHUNT SER # menu. [N Shunt Lead
| it
Press the soffhunt# key to obtain theSHUNT
In this section, two procedures are given: SER # menu.

1. Entry of the 4953 10A Shunt serial number. :
XXXXXXX | [ Enter | quit |

2. Calibration of DCI 100A to 10A ranges.
N.B. The same shunt is used both for DCI an

ACI measurements. Procedurty (nay display. If the numbers match, press@ué soft

already have been carried outfor AC Currer’ﬁey to return to th€AL CONFIG menu. If the
calibration. ,

The recorded serial number of the shunt can be
viewed using th&TATUS CONFIG menu.

heck that the serial number marked on the 4953
hunt is the same as that shown on the dot-matrix

problem.

After consultation, if it is required to calibrate the
10A range using a different shunt, write the serial

number of the new shunt into tBEIUNT SER #
menu using thaumeric keyboard .
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Unlock the 10A Range

Press the front pané@lCl key to obtain thedCl
rangesmenu.

Press the front pan€bnfig key to obtain th®Cl
CONFIG menu.

Config
&v\ IShunt#I RemGu‘

Press the softhunt# key for theSHUNT SER #

menu.
i ? I Enter  Quit ‘

Use thenumeric keyboard to write the serial

number of the correct 10A shunt into thieUNT
SER # menu.

i XXX | [Enter | quit |

N

Press the sofinter key to unlock the 10A range.

Continued overleaf
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100pA to 10A Calibration

Initial 4950 Setup
1. Press th®Cl key; select tha00pA range.

Connect 4950 to Calibration Source

WARNING THIS INSTRUMENT CAN
DELIVER A LETHAL
ELECTRIC SHOCK. NEVER
TOUCH ANY LEAD OR

TERMINALUNLESS YOU ARE
ABSOLUTELY CERTAIN
THAT NO DANGEROUS
VOLTAGE IS PRESENT.

1. Ensure that the calibration sou@eTPUT is
OFF andLocal Guard is selected.

2. Connect the 4950 to the calibration source.

Calibrate DC Current at
Nominal or Non-Nominal Values

General Sequence

After the initial setup and connecting up, use the
following general sequence to calibrate the bands
as shown on the table opposite. Do not calibrate a
band of+100% without first having calibrated its
corresponding 0% band to the source zero. Just
one range can be calibrated if required, but for a
full calibration start with the 1Q0A range and
work up to the 10A range.

Nominal: To calibrate at Nominal values,
omit the operations in the shaded boxes .

Non-Nominal: The Setfeature allows a user to
enterthe true output value of the calibration standard
where it differs from nominal full range or zero. In
this caseinclude the shaded operations .

4950 Automatic *Band Selection

When calibrating DCI 100% bands, there is no
facility to select band polarity. The 4950 recognizes
the input polarity and automatically selects the
appropriate positive or negative version of the
selected band.

Calibration Source Zeros

Before calibrating any 4950 range, ensure that for
calibration sources with positive and negative
outputs, both positive and negative zero outputs
have the same value.
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Band Calibration Procedure

4950
Press th®CI key to obtain the DGlngesmenu.

Press the requiredinge soft key to obtain that
range'sneasurement banasenu.

Press the requiretland soft key to select the
required measurement band

Calibration Source
Select required output for the band.
Set OutpuON. *t

4950
Press theal key to see th€AL menu.

Cal
Set Freq Date Amb Lead Spcl Exit‘

SelectSet to obtain theSET VALUE menu.
TheSET VALUE menu always shows the nominal
value for the band. e.g:

+ 0.00000000E+00 [ Enter | quit |

Using thenumeric keys,key in the true output
value of the standard, then pressiner key.

4950
Pres<Caltrig.  Calibration is complete when
theBusy legend goes out.

Calibration Source
Set OutpuDFF.

*

Range Band Target Value
100pA 0% OpA
100pA +100% +100pA
100pA -100% -100pA
1ImA 0% OmA
1ImA +100% +1mA
1ImA -100% -1ImA
10mA 0% OmA
10mA +100% +10mA
10mA -100% -10mA
100mA 0% OmA
100mA +100% +100mA
100mA -100% -100mA
1At 0% 0A
1At +100% +1A
1At -100% -1A
10A* 0% 0A
10A* +100% +10A
10A* -100% -10A

DC Current Calibration Procedure -
Recommended Sequence
to Calibrate Ranges and Bands

For the 10A range, the designated model 4953 10A shunt is required.

1 Forthe 1A and 10A ranges, allow 10 minutes settling time for the shunt to stabilize thermally.
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AC Current Calibration - 100 PA to 10A Ranges

Use of Model 4953 10A Shunt

Rationale Identify the Model 4953 10A Shunt
In order to calibrate the 10A range, it is necessafress thé\CI key; select the00pA range.

to use a Model 4953 10A shunt.
Iftraceability is to be maintained, itis essential th@ |lOOuA| ImA  10mA 100mA 1A  10A |
Ry

same shunt be used when making any subsequ N N
10A range measurements. For this reason, the \
serial number of the particular shunt used fo
calibration is placed into 4950 non-volatile
memory, and the ACI 10A range is locked out an{"®ny:

cannot be activated unless: ca ) y
a. Shunt# has been pre-selected in either th RQ\)\ Set Freq Dae Amb Lead [Spol | Ext |

ACI CONFIG or DCI CONFIG menu, and
then: Press the front pan€bnfig key to obtain th€AL
b. the serial number of the shunt used t&ONFIG menu.

calibrate the 10A range has been entered
the SHUNT SER # menu. Ny g o |

The recorded serial number of the shunt can bé Kl\ PO
viewed using th&TATUS CONFIG menu.

E’ress the front panélal key to obtain theCAL

Press the sofhunt# key to obtain theSHUNT
In this section, two procedures are given: SER # menu.

1. Entry of the 4953 10A Shunt serial number. m
2. Calibration of ACI 10QA to 10A ranges. o000x | Ever | qui ]

N.B. The same shunt is used both for ACI an
DCl measurements. Procedut® (ay
already have been carried outfor DC CurrerE
calibration.

isplay. If the numbers match, press@uit soft
ey to return to th&€AL CONFIG menu. If the

numbers do not match, consult your Calibration
Manager, as there may be some administrative

problem.

After consultation, if it is required to calibrate the
10A range using a different shunt, write the serial

number of the new shunt into tBEBIUNT SER #
menu using thaumeric keyboard .
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Unlock the 10A Range

Press the front panelCl key to obtain the\Cl
rangesmenu.

Press the front pan€bnfig key to obtain thacCl
CONFIG menu.

Config
“v\ IShunt#I RemGu‘

Press the softhunt# key for theSHUNT SER #

menu.
i ? I Enter  Quit ‘

Use thenumeric keyboard to write the serial

number of the correct 10A shunt into thieUNT
SER # menu.

i XXX | [Enter | quit |

™

Press the sofinter key to unlock the 10A range.

Continued overleaf
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AC Current Calibration (contd)

Initial 4950 Setup
1. Press th@Cl key; select the00pA range.

ACH N, |lOOuA| ImA 10mA 100mA 1A  10A |
W,

Connect 4950 to Calibration source

WARNING THIS INSTRUMENT CAN
DELIVER A LETHAL
ELECTRIC SHOCK. NEVER
TOUCH ANY LEAD OR
TERMINALUNLESS YOU ARE

ABSOLUTELY CERTAIN
THAT NO DANGEROUS
VOLTAGE IS PRESENT.

1. Ensure that the calibration sou@eTPUT is
OFF andLocal Guard is selected.

2. Connect the 4950 to the calibration source.

To Calibrate AC Current at
Nominal or Non-Nominal Values

After the initial setup and connecting up, calibrate
the ranges. Use the sequence of frequency bands
shown in the table, repeating the band calibration
procedure for each band. Just one range can be
calibrated if required; but for a full calibration,
start with the 100A range and work up to the 10A
range.

Nominal: To calibrate at Nominal values,
omit the operations in the shaded boxes .

Non-Nominal: The Set feature allows a user to
enterthe true output value of the calibration standard
where it differs from nominal.

In this caseinclude the shaded operations .
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Band Calibration Procedure

4950 4950
Press theé\CI key to obtain th@Cl ranges Cal
menu. Set Freq Date Amb Lead Spcl Exit

Press the requiredngesoft key to obtain that

. Press theal key to see th€AL menu.
range'srequency bandmenu.

SelectSet to obtain theSET VALUE menu.
Press the requirddequencysoft key to select  TheSET VALUE menu always shows the nominal
the requiredrequency band value for the band. e.qg:

Calibration Source -
0.00000000E-+00 [ Enter | quit |

Select the required frequency and output target

value for the band. Using thenumeric keys,key in the true output
Set OUtpuDN. * & value of the standard, then pressiher key.
4950

Pres<Caltrig.  Calibration is complete when
theBusy legend goes out.

Calibration Source
Set OutpuFF.

AC Current Calibration Procedure - Recommended Sequence
to Calibrate Ranges and Frequency Bands

Work down the left-hand column in sequence from top to bottom, thery move
to the next column, and so on. Use Nominal 100% Range values.

Ranges: 100 pA 1mA 10mA 100mA 1A § 10A * 1

Frequency 300Hz 300Hz 300Hz 300Hz 300Hz 300Hz

Bands 5kHz 5kHz 5kHz 5kHz 5kHz 10kHz
10Hz 10Hz 10Hz 10Hz 10Hz 10Hz
20Hz 20Hz 20Hz 20Hz 20Hz 20Hz
30Hz 30Hz 30Hz 30Hz 30Hz 30Hz
40Hz 40Hz 40Hz 40Hz 40Hz 40Hz
55Hz 55Hz 55Hz 55Hz 55Hz 55Hz
1kHz 1kHz 1kHz 1kHz 1kHz 1kHz

10kHz 10kHz 10kHz 10kHz 10kHz 5kHz
20kHz 20kHz 20kHz 20kHz 20kHz 10kHz
30kHz 30kHz 30kHz 30kHz 30kHz 20kHz

*  For the 10A range, the designated model 4953 10A shunt is required.
1 Forthe 1A and 10A ranges, allow 10 minutes settling time for the shunt to stabilize thermally.
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Ohms Calibration

4-Wire & 2-Wire Ohms Calibration Initial 4950 Setup
There is no requirement to calibrate @850 1. Press the@dhms key; ensure that the00kQ

instrumentin 2-wire Ohms mode. range is selected.

Internally, the Ohms function always operates i

4-wire mode, and the 2-wif@mode is effected by |, S [ 109 1000 1kQ 10kQ [100kQ] -
shorting I+ to Hi, and I- to Lotahe front panel M B

input plug pins The only 2-wire connections are \A

therefore the Hi and Lo leads within the input lead.

The instrument is calibrated in 4-wire mode. T¢-Onnect 4950 to Calibration Source

allow for corrections in 2-wire operation, the series

resistance of the Hi and Lo wires in the designateY ARNING EEILSIVIIE'\II?ST R,LAJ M EIEET gﬁ\[\‘
input lead can be calibrated separately. The ELECTRIC SHOCK. NEVER
characterization of the designated lead is held in TOUCH ANY LEAD OR

4950 non-volatile memory, and used to apply TERMINAL UNLESS YOUARE
compensation when measurements are being taken ff ABSOLUTELY CERTAIN

in 2-wire mode; after 2@ has been selected in the THAT NO DANGEROUS
OHMS CONFIG menu. VOLTAGE IS PRESENT.

If traceability is to be maintained, it is therefore o )
essential for any 2-wire measurements to be made Ensure that the calibration source OUTPUT is
using the characterized lead. For this reason, itis OFF and Local Guard is selected.

not possible to make 2-wire measurements ip. Connect the 4950 in 4-wire mode to the
Normal mode unless: calibration source.

a. Lead# hasbeen selected in theMS CONFIG
menu, and then:

b. the serial number of the designated input lead
has been entered in thEAD SER # menu.

In this section, two procedures are given:
1. Calibration of all ranges in 4-wire Ohms mode.

2. Characterization of the designated input lead
for use with 2-wire Ohms operation, including
the entry of the input lead serial number.

Continued Overleaf
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To Calibrate 4-wire Ohms at Nominal or Non-Nominal Values

After the initial setup and connecting up in 4-wireBand Calibration Procedure
mode, use the band calibration procedure 9950

calibrate the bands in the order shown on the tab'[eress th©hms key to obtain th@HMS ranges
opposite. menu

I 0 . .
Thg rﬁ Com'q%%?;d s_ﬁquence of Cal't.) ration, at- 0Fglress the require@ngesoft key to obtain that
and then at 6, will generate a gain CorreCt'o?ange'sneasurement bandsenu.

which is also applied proportionately to the 10%, .
30%, and 190% bands (where applicable)F,’reS_S the requirdzandsoft key to select the
assuming perfect linearity. This is sufficient torequired measurement band

satisfy the 30 day transfer specification.
Calibration Source

After calibrating at 0% and 100%, any user Wh%elect required Standard Resistance for the band.
needs to transfer more accurately at say, 30%, is t OUtpUDN

liberty to recalibrate to a higher standard at this
level. Such a correction will not affect the

libration of herband, b ions f S
calibration of any other band, but corrections fronk, o < theal key to see theAL menu.
subsequent recalibration at 0% and 100% wil_

. . al
overwrite all other bands in the range.
Set Freq Date Amb Lead Spcl Exit‘

Just one range can be calibrated if required, but fo
afull calibration start with the 100krange, work  gglectset to obtain theSET VALUE menu.

up to the 100MR range and then down from the ThesET VALUE menu always shows the nominal

10kQ range to the 10 range. value for the band. e.g:
Nominal: To calibrate at Nominal values,
omit the operations in the shaded boxes . %OBOO [Emer | qur |

Non-Nominal: The Set feature allows a user to
enterthe true output value of the calibration standa
where it differs from nominal..

In this caseinclude the shaded operations .

Hlsing thenumeric keys key in the true resistance
value of the standard, then pressiher key.

4950
Pres<Caltrig.  Calibration is complete when
theBusy legend goes out.

Calibration Source
Set OutpuDFF.
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Two-wire Ohms -
Lead Characterization

Range Band Target Value
100kQ 0% 0kQ ; .
100kQ 100% 100kQ Rationale:
1MQ 0% oMQ !f itis iqtended tousethe 495_0 to transfer traceability
1MQ 100% 1MQ in 2-wire Ohms mode, the input cable becomes a
10MQ 0% oMQ link in the chain pf artifacts. The series resistance
10MQ 100% 10MQ of the cable's Hi and Lo leadsusttherefore be
100MQ 0% OMQ character_ized, and the same cablestbe used
100MQ 100% 100MQ with the instrument as part of the MTS system
10kQ 0% 0kO whc_—:‘n cglibrating acalibrator; if traceability is to be
10kQ 100% 10kQ maintained.
1kQ 0% 0kQ The 4950 method of characterizing the lead
1kQ 100% 1kQ employs a 4-wire technique to measure its
100Q 0% 0Q resistance. The proper time to do thiafter the
1000 100% 1000 4-wire Ohms 1@ range has been calibrated, so
10Q 0% 0Q that no change of gain due to the 4-wire calibration
100 100% 100 will corrupt the stored characterization.

Ohms Calibration Procedure - It follows that where the 4950 is used in this role,

Recommended Sequence the input cablenustbe re-characterized for two-

to Calibrate Ranges and Bands wire operation, after every 4-wire Ohms calibration.

The cable which is to be characterized must be
Other Resistance Bands recognizable, so that when the instrument is
During the above sequence, the other (10%, 30%ubsequently used to calibrate calibrators, its series
and 190%) resistance bands automatically receivdi-Lo resistance can be automatically subtracted
internal calibration, by proportionately adjustingfrom measurements. In the following procedure,
their calibration memories to account for linearitythe first operation is to identify the designated
If required, each of these bands can then heput cable. This is done by recording its serial
independently verified or adjusted against aumber in the 4950's non-volatile memory, then
separate standard, in a similar way to that showneasuring and recording its series Hi-Lo lead
above, without disturbing the calibrations of theesistance.
0% and 100% bands.

Continued Overleaf
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Two-wire Ohms -
Lead Characterization (Contd.)

Characterization Procedure

N.B. This must not be done until the 4-wire LEAD SER #
Ohms calibration has been completed. Itis X00XX_| Enter  Quit |

assumed that the instrument remains in

Calibration mode, and that High Accuracy

mode is selected.

Record the Input Cable Serial Number:

Press the front pan&hms key to obtain the
OHMS menu.

Ohmsg\\\ 10Q | 100Q 1kQ 10kQ 100kQ __>|
"

Press the sofitoQ key for thel0Q range menu and
select th&@% band.

10Qrange
0% 10% 30% 100% 190%‘

Press the front panélal key to obtain thecAL
menu.
Cal

§§\)\ Set Freq Date Amb Lead Spcl Exit‘

Press the front pan€bnfig key to obtain th€AL
CONFIG menu and then press the dafad# key
for theLEAD SER # menu.

Config
PO Shunt# [Lead] |
- it

Check the lead serial number marked on the input
cable against that shown on the dot-matrix display.
Ifthey are different, refer the factto your Calibration
Manager, as there may be an administration
problem. Once characterization of the new lead is
authorized, its serial number can be entered:

Use thenumeric keyboard to write the correct
lead serial number into th€AD SER # menu.

LEAD SER #
XXX | [Enter | it |

D,

Press the softnter key to record the lead serial
number. The dot-matrix display reverts to the
CAL CONFIG menu.

Now that the serial numbers match, proceed with
lead calibration:

Calibrate the Input Cable
for 2-wire Ohmes:

Short the Input Hi to Lo:

Turn off the calibration source output and
disconnect the 4950 input leads from the source.
Plug the (RedMi lead into the rear of the (Black)
Lo lead. Connections to the other three leads are
irrelevant.
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Calibrate the Lead:

Press the front panehms key to obtain the The following message will appear during the

OHMS menu.
selected.

The 1Q range should still be calibration period:

CALIBRATING LEAD RESISTANCE

Press the front panelonfig key to obtain the The following message will appear when lead

OHMS CONFIG menul.

Confiss\)\lk mwad#
N

Use thenumeric keyboard to write the correct
lead serial number into th&EAD SER # menu.

LEAD SER #
000X | [Enter | quit |

2wQ RemGu‘

SelectLead#.

Press the softnter key to record the lead serial
The dot-matrix display reverts to th

number.
OHMS CONFIG menu.

Lead#

SelecwQ.

| 2we |
Press the front panélal key to obtain theCAL

menu.
Cal

N

RemGu‘

Date  Amb ILeadI Spcl

Press the softead key to calibrate the lead.

Set Freq Exit ‘

calibration is complete:

LEAD CALIBRATION COMPLETE

Check the Lead Characterization
Press the front panstatus key.

Status
E\A

Press the front pan&lonfig key to obtain the
STATUS CONFIG menu.

Config
&Q\)\ Lead# | Shunt

SelectLead#.

LEAD SER # =
XXXXXX | | oxxxxa |

Check that the serial number is the same as that
marked on the lead. Make a note of the lead
resistance value for future reference.

Ser#  Addr
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Calibration - Conclusion

Exit from Calibration Mode

The following procedure gives the necessary exit and update commands:

1. Ensure that all required calibration has beeAny update is carried out automatically while the
completed. following reminder is present on the Dot-matrix
Refer topage 8-3 display.

2. Press the front-pan€ehl key to enter the CAL

Cal The Legend onthe Main (Left-hand) Display
é@ Set Freq Date Amb Lead Spcl I Ex is extinguished.

it |
\\ The following presentation appears on the dot-
matrix display.

3. Inthe CAL menu, press the sBkit key for the

UPDATE CAL DATE/TEMP ON EXIT?

menu.

6. Set the rear-panel CALIBRATION switch to
UPDATE CAL DATE/TEMP ON EXIT? 'DISABLE".
Yes No
S2
) . . ENABLE DISABLE

Carry out either operation (4) or (5) depending on |_ m J
whether it is required to update the date of
calibration and the internal ambient temperature CALIBRATION

before leaving Calibration mode.
7. Press any front-panel menu key to escape from

4. If update is required, press thies soft key. the Termination presentation.

5. Ifupdate isnot required, press théo soft key.
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GERMANY
Wavetek GmbH
Gutenbergstrasse 2-4,
85737 Ismaning

Germany

Tel: 4989996410
Fax: 49 89 996 41 160

UNITED KINGDOM
Wavetek Test & Measurement Division

52 Hurricane Way,
Norwich Airport,
Norwich NR6 6JB,
England

Tel: 44 1603 256 600
Fax: 44 1603 483 670
Inside rear cover
Final Width = 215mm

UNITED STATES of AMERICA
Wavetek Corporation Sales & Service
9045 Balboa Avenue,
San Diego,
CA 92123 USA

Tel: 619 279 2200
Fax: 619450 0325

www.wavetek.com
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