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1 INTRODUCTION
1.1 SCOPE

This manual contains technical speci fications, detail ed
descri ption and maintenance information, and diagrans for the
Guildline Instruments 7130A Digital AC/ DC Transfer Standard.

1.2 DESCRI PTI ON

The 7130A Digital AC/DC Transfer Standard is a m croprocessor
based, fully automated digital AC/ DC Transfer Standard. It
conbines the established Differential Miltijunction Thermal
Converter (DMITC)' technique with the latest advances in
M cr oprocessor technology and digital desi gn. The ppm
performance achieved in the wearlier 7100A AC/ DC Transfer
Standard wusing the DMITC has been extended over a wder
voltage and frequency range by neans of a new w deband auto
rangi ng attenuator.

This attenuator is the result of extensive work carried out by
Gui I dline engi neers in our Resear ch and Devel opnment
| aboratori es.

The main features of the 7130A Digital AC/DC transfer Standard
are:

. Ful l'y programmbl e
. Aut oranging voltage from1 nV to 1200 Vrns.
. W de frequency range DC, 10 Hz to 1 MHz.

. Preci sion AC vol tneter node.

. Direct reading of Voltage, Voltage Difference and ppm

. Self balancing operation wth built in precision DC
supply.

. Aut omatic DC reversal.

. Overload protection circuit, up to 3% times nomnal rns
input on the |low voltage input. HV protection = 1.75

lThe Guildline DMITC is based on F.J. WIkins' original thermal converter
designed at the National Physical Laboratory (NPL) in England. Thi s design
was enhanced by N. Kusters and L. Cox at the National Research Council of
Canada (NRCC) in co-operation with Guildline's engineers.



kVrms. Instantaneous crowbar protection provided for
sudden over voltages >3% times nom nal input.

. GPI B/ | EEE- 488 interface built in.

. RS- 232C i nterface.

. Built-in frequency counter and display.
1.3 APPLI CATI ONS

The 7130A Digital AC/DC Transfer Standard is a precision AC
measuring instrument. Its main applications are:

. A prime standard of AC/DC transfer from 1 nV to 1200 V
over the frequency band 10 Hz to 1 MHz and at DC.

. Calibration and nonitoring of short and long term drift
characteristics of AC power suppli es.

. Cal i bration of AC anal ogue and digital voltneters.

. Cal i bration of AC bridges.

. Cal i bration of other AC neasuring instrunments, e.g. |ower
accuracy AC/ DC transfer devices.

. Cal i bration of AC calibrators and AC sources.

. Cal i bration of audio frequency generators.

. I ntegration into automatic calibration systens and nobile

calibration facilities.

1.4 GENERAL THEORY

(Refer to Figure 1.1)

Essentially the 7130A acts like a traditional AC/ DC Transfer
Standard in that it conpares the wunknown input wth an
internally generated, highly stable, DC reference. Conparison
is done by wutilizing a DMITC (Differential Miltijunction
Thermal Converter) [See footnote page 1], manufactured by
Guildline. The latter thermally conpares the two voltages and
generates an error voltage proportional to power difference.
This voltage is fed via an A/D converter to the internal
nm croprocessor which updates the internal DC reference to zero
the error voltage prior to the next neasurenent.

Equilibriumis achieved after a nunber of neasurenents. The DC
reference val ue i's t hen read out after appropriate
conpensati on.



The 7130A adds additional refinenents to the above nodel to
conpensate for inperfections in the anmplifier and DMITC.



As shown in Figure 1.1, one refinenent i nvol ves the
application of the internal DC reference voltage to heater Hl
of the thermal converter in place of the input voltage, via an
accurate, stable DC Attenuator/lInverter. To obtain a fully
conpensat ed AC difference value the DC reference is applied to
HL in normal and inverted polarity and the input applied tw ce
to form a four sanple neasurenent cycle. Error voltages
obtained for each sanple are stored in the mcroprocessor,
whi ch then conputes the true AC/DC difference, _ V, prior to
updating the DC reference for the next

4 cycle conparison.

The cal cul ation involved is shown in Equation (1).

The di splayed value is the final DC reference voltage with the
vari ous conpensation applied as described in Section 4.7.

Conceptual ly, the 7130A uses t he DMITC (Differential
Multijunction Thermal Converter) to conpare the rns (or DC)
input with a precision variable DC reference voltage that is
internally generated and controlled by the m croprocessor. The
value of this internal voltage is used as the final displayed
val ue after application of previ ously characterised
conpensating constants. (e.g. frequency response).

Under normal, stable operation, (after input acquisition), the
unknown input is attenuated or anplified via the input
attenuator and progranmable gain anplifier to present a
normal i zed voltage at Hl of the thermal converter. (2 Vrns
represents full scale of the range sel ected).

Concurrently the mcroprocessor applies to heater H2 of the
t hermal converter the previously derived DC reference voltage
that is equivalent to the input. The output of the servo
| oop/thermal converter conparison, forms the AC/ DC difference
vol tage (or error voltage).

This voltage is presented to the m croprocessor at the end of
a measurenent interval of approximtely 2% seconds, via the 12
bit A/D converter.

The m croprocessor performs 3 subsequent measurenents in which
the effective variable DC reference is applied to heater Hi,
in both polarities, as well as repeating once nore a
measur enent using the input.

The AC difference voltages for the four neasurenents are then
used as follows to determine _V, final AC/ DC difference.



The four neasurenments performed in sequence are shown bel ow:

1. Nacl = | nput applied (first sanple)

2. R;C = JInternal DC applied with positive polarity
3. NaCz = |Input applied (second sanple)

4. R = Internal DC applied with negative polarity.

dc

The AC/ DC difference is cal cul ated as per the equation:

_ Nac1+ Nac2 Rt Ric
2 2

DV (1)



Figure 1.1: Block Di agram

When the unknown rms signal is applied to HlL and the
proportional DC applied to H2, the servo circuit adds or
subtracts the negative feedback from the DC applied to H2 to
mai ntain the output of the DMITC very close to zero. The
negative feedback to maintain the null is scaled and fed to
the A/D converter input. The output from the A/ D converter
goes to the mcroprocessor. The m croprocessor waits for four
conplete readings and calculates Delta V as per Equation 1.
The setting of the DC source is conbined with _V and the
m croprocessor refreshes the variable DC supply with this
value. This DC value is displayed as neasured rnms volts. The
di splay is updated every 2 cycles after the first sequence of
four neasurenents if the instrunent is in 2 cycle update node.
It updates every 4 cycles if the instrunent is in 4 cycle
updat e node.



The update rates are shown in Table 4. 2.
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SPECIFICATIONS
Specifications for Guildline Instrunents
7130A Digital AC-DC Transfer Standard
Operating Tenperat ure, 23 £ 5 I °C
e m e e e e e e e e e e mm S A
| 70 + 8 ' °F
______________________ A
| Max. Rel ative Hum dity, 70% I RH
1 at 40°C(non-condensi ng)
______________________ A
St orage Tenperature | 0-50 I °C
e m e e e e e e e e e e mm S A
! 32-122 I °F
______________________ A
Storage Hum dity | 15- 80 I YR H
______________________ A
Power Requirenents | 40 I VA
______________________ A
Vol tage Requirements | 100, 120, 220, 240 = 10%, VAC
______________________ A
Li ne Frequency | 50, 60 | Hz
______________________ A
Di mensi ons \ 44.2 X 45.7 X 8.9 high | cm
e m e e e e e e e e o S A
! 17.4 X 18 X 3.5 high | in
______________________ A
Wi ght | 9 : kg
e m e e e e e e e e e e mm S IS
| 20 I | bs

Table 2.1: Basic Instrument Specifications



O her

Al l

features include:

Bench top mounting or rack munt wth extra flanges
provi ded separately.

Hi dden Power selection switch on rear panel.
GPI B Bus Address sel ectable fromswi tches on rear panel.
Front panel (local) or GPIB (renmpte) calibration.

specifications apply between 33% and 120% of nom nal

range.



Table 2.2: AC DC TRANSFER ACCURACY (90 Days) @23°C +5°C Relative To Calibration Standards

' Limts of Error * % Reading

i Al e [ R TR LT i
|Range” | DC | 10Hz- 30Hz| 30hz- 1kHz} kHz- 10KHz} 10kHz- 20kHz} 20kHe- 50kHz} 50k Hz- 100k Hz| 100kHz - 400kHz] 400kHz- 1M |
r--_é_hbfbjééi_r--b?béé_-r-_b_bbhb-r___6-6656_;_--bjbbéé--?___bfbbéé__;_---b_bbéé--?____b?bié___-r-__bfbhé-__
i 10 nvio 112 i 0. 022 i 0. 0035 i 0. 0040 i 0. 0045 i 0. 0045 i 0. 0050 i 0. 027 i 0. 052 i
i 30 nvio 039 i 0.021 i 0. 0030 i 0. 0040 i 0. 0045 i 0. 0055 i 0. 0055 i 0.011 i 0.041 i
i 100 nv§0.015 i 0.021 i 0. 0025 i 0. 0030 i 0. 0035 i 0. 0035 i 0. 0040 i 0.026 i 0. 051 i
i 0.3V 50.003 i 0.02 i 0. 0020 i 0. 003 i 0. 0035 i 0. 0045 i 0. 0045 i 0.01 i 0.04

i 1V 50.003 i 0.02 i 0. 0015 i 0. 002 i 0. 0025 i 0. 0025 i 0. 003 i 0.025 i 0.05

i 3V 50.0015§ 0.02 i 0. 0015 i 0. 002 i 0. 0025 i 0. 0025 i 0. 003 i 0.025 i 0.05

i 10 vV 50.0015§ 0.02 i 0. 0015 i 0. 002 i 0. 002 i 0. 0025 i 0. 0035 i 0.03 i 0.05

i 30 Vv 50.0015§ 0.02 i 0. 0015 i 0. 002 i 0. 002 i 0. 0025 i 0. 004 i 0.03 i 0. 04**

i 100 V 50.0015§ 0.02 i 0. 0015 i 0. 002 i 0. 0025 i 0. 0035 i 0. 004 i 0. 05** i -

i 300 V io.oozoi 0.02 i 0. 0020 i 0. 0025 i 0. 003 i 0. 0085 i 0. 020%* i - i -

11000 v 10.00350 0.02 ! 0.0035! 0.0130 ! 0.060 ! - | - i ; | - E
T V2 e = 2 x 107 T Al Specifi cat i ons apply bet ween

33% and 120% of nomi nal range.
These uncertainties are relative to calibration standards
and include stability, tenperature coefficient and linearity.

NOTE: 1. Using internal DC reference add 0. 0005%
of Reading to all val ues.
2. External DC reference nmust be +10 volts +0.1%
(standard cells with a suitable buffer may be used).
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Table 2.3: Absolute AC/DC Transfer Accuracy (90 Days) @23°C 5°C

' Limts of Error + % Readi ng

i Yl Lo = R e LT i
|Range” | DC | 10Hz- 30Hz} 30Hz- 1kHz} 1kHe- 10kHz! 10kHz- 20kHz] 20kHe- 50k Hz| 50k Hz- 100kHz} 100k Hz- 400kHz} 400kHe - 1MHe |
?___é-Hifbfééé-?__b_éhé-_?__b-iéé__;_--bjiéé_-r-__b_iéé-__?__-6fié%__-;-___bfié%___;_---bfééé---_?___bféh____
i 10 nvio 114 i 0. 054 i 0.032 i 0.032 i 0.033 i 0.035 i 0. 055 i 0.098 i 0. 20

i 30 nvio 041 i 0. 049 i 0.018 i 0.019 i 0.019 i 0.026 i 0. 051 i 0.077 i 0.17

i 100 nvio.017 i 0. 042 i 0. 008 i 0.008 i 0. 009 i 0.011 i 0. 020 i 0. 056 i 0. 086

i 0.3V 50.0042§ 0.04 i 0. 0075 i 0. 0085 i 0.008 i 0.015 i 0.02 i 0. 06 i 0. 100

i 1V 50.0042§ 0.04 i 0. 0035 i 0. 004 i 0. 0045 i 0. 007 i 0. 0085 i 0. 037 i 0.096

i 3V io.oozsi 0.04 i 0. 003 i 0. 0035 i 0. 004 i 0. 007 i 0. 0085 i 0. 037 i 0.096

i 10 V io.oozsi 0.04 i 0. 004 i 0. 0045 i 0. 0045 i 0. 007 i 0. 009 i 0.043 i 0. 099

i 30 vV io.oozsi 0.04 i 0. 0035 i 0. 004 i 0. 004 i 0. 007 i 0. 0095 i 0.043 i 0. 089**

i 100 V io.oozsi 0.04 i 0. 005 i 0. 0055 i 0. 006 i 0. 0105 i 0.0115 i 0. 064** i -

i 300 V i0.00Sli 0.04 i 0. 005 i 0. 006 i 0. 006 i 0. 0155 i 0. 028 i - i -

11000 v 10.0046! 0.04 | 0.008 ! 0.0165! 0.066 | - | - | - b |
UMK V2 R = 2 x 107 T A{{'éaéé{{{éé{{éAé'ng|y bet ween

33% and 120% of nomni nal range.
This table lists absolute uncertainites when calibrated with
Quildline' s reference standards, which are traceable to National Standards.

NOTE: 1. Using internal DC reference add +0.0005%
of Reading to all val ues.
2. External DC reference nust be +10 volts 0. 1%
(standard cells with a suitable buffer may be used).
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Tabl e 2.4: AC DC TRANSFER ACCURACY (1 Year) @23°C +5°C Relative To Calibration Standards

' Limts of Error * % Reading

1 ]
E AR T [ R e e i
'Range ! DC ! 10Hz- 30Hz! 30Hz- 1KHz! 1KHz- 10KHz! 10KHz- 20KHz! 20KHz- 50KHz! 50KHz- 100KHz! 100KHz- 400KHz! 400KHz - 1VH !
Feemaann Feemann Fecmeeaan e [ NSRS [ R Foemmeeaaena L - L RN R e - !
'  3m0.365! 0.025 ! 0.0072! 0.0082 ! 0.0087 ! 0.0097 !  0.0097 !  0.015 ! 0.045 |
1 1 1 1 1 I 1 I 1 1 I
! 10 M#0.115! 0.025 ! 0.0066 | 0.0072 ! 0.0077 | 0.0077 ! 0.0082 ! 003 ! 005 |
1 1 1 1 1 I 1 I 1 1 I
! 30 mi0.041! 0.023 ! 0.0052! 0.0062 ! 0.0067 | 0.0077 ! 0.0077 !  0.013 | 0.043
1 1 1 1 1 I 1 I 1 1 I
! 100 M#0.017 ! 0.023 ! 0.0046 ! 0.0052 ! 0.0057 | 0.0057 !  0.0062 !  0.028 ! 0.053
1 1 1 1 1 I 1 I 1 1 I
! 0.3 Vv 10,0042 0.021 ! 0.0032! 0.0042 ! 0.0047 | 0.0057 ! 0.0057 ! 0011 | 0.041
1 1 1 1 1 I 1 I 1 1 I
! 1v9i0.0042 0.022 ! 0.0026! 0.0032! 0.0037 | 00037 ! 0.0042 ! 0026 | 0.051
1 1 1 1 1 I 1 I 1 1 I
! 3Vv!i0.00268 0.021 ! 0.0026! 0.0032! 0.0037 | 00037 ! 0.0042 ! 0026 ! 0.051
1 1 1 1 1 I 1 I 1 1 I
! 10 v1i0.00260 0.021 ! 0.0026 ! 0.0032! 0.0032 | 0.0037 ! 0.0047 ! 0031 ! 0.051
1 1 1 1 1 I 1 I 1 1 I
! 30 Vv!i0.00268 0.021 ! 0.0026! 0.0032! 0.0032 ! 0.0037 ! 00052 !  0.03L |  0.041**
1 1 1 1 1 I 1 I 1 1 I
! 100 v 10.0026! 0.021 ! 0.0026 ! 0.0032 ! 0.0037 | 0.0047 !  0.0052 !  0.051** ! -
1 1 1 1 1 I 1 I 1 1 I
! 300 v 10.0055 0.024 ! 0.0055! 0.006 ! 0.0065 ! 0.012 |  0.024%* | - | -
1 1 1 1 1 I 1 I 1 1 I
11000 v 10.00750 0.024 ! 0.007 ! 0.017 ! 0.064 | - E - | - | -
o o o oo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e +

** MX. V ? H = 2 x 10 Al Specifications apply between

33% and 120% of nomi nal range.

These uncertainties are relative to calibration standards

and include stability, tenperature coefficient and linearity.
NOTE: 1. Using internal DC reference add 0. 0005%

of Reading to all val ues.
2. External DC reference nust be +10 volts *0.1%
(standard cells with a sui tabl e buf f er may be used) .
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o o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m e m e e e e e e e e e e e e e e m e mm—m
' ' Limts of Error + % Reading
Yo I - (e = e
| Range ! DC ! 10Hz- 30Hz! 30Hz- 1KHz! 1KHz- 10KHz! 10KHz- 20KHz!| 20KHz- 50KHz! 50KHz- 100KHz! 100KHz- 400KHz! 400KHz - 1MHz
Fomese o e Fommmmaas R e o o oo o oo
' 3 m/0.367 ! 0.245 ! 0.168 ! 0.169 ! 0.169 ! 0.170 !  0.200 !  0.265 !  0.550
1 1 1 1 I 1 I 1 I 1
! 10m70.117! 0.058 ! 0035 ! 003 ! 003 ! 0038 | 0.059 |  0.10 I 0.210
1 1 1 1 I 1 I 1 I 1
! 30 m10.043! 0.052 ! 0020 ! 0021 ! 0021 ! 0028 | 0063 | 0079 | 0.173
1 1 1 1 I 1 I 1 I 1
! 100 M 0.019 ! 0.044 ! 0,010 ! 0011 ! 0011 ! 0013 | 0,022 ! 0.060 ! 0.090
1 1 1 1 I 1 I 1 I 1
! 0.3 v 10,0054 0.041 ! 0.0087! 0.0097 ! 0.0092 ! 0.0162 | 0.0212 ! 0.061 | 0.101
1 1 1 1 I 1 I 1 I 1
! 1vio. 0054 0.041 ! 0.0046! 0.0052! 0.0057 ! 0.0082 | 0.0097 !  0.038 | 0.097
1 1 1 1 I 1 I 1 I 1
! 3v1i0.0037 0.041 ! 0.0041! 0.0047 ! 0.0052 ! 0.0082 | 0.0097 !  0.038 | 0.097
1 1 1 1 I 1 I 1 I 1
! 10 v 10,0037 0.041 ! 0.0051! 0.0057! 0.0057 ! 0.0082 ! 0.0102 !  0.044 | 0.100
1 1 1 1 I 1 I 1 I 1
! 30 v$i0.0037 0.041 ! 0.0046! 0.0052 ! 0.0052 ! 0.0082 | 0.0102 |  0.044 |  0.09%*
1 1 1 1 I 1 I 1 I 1
! 100 v 10.0037' 0.041 ! 0.0061! 0.0067 ! 0.0072 ! 0.0117 | 0.0127 |  0.065** | -
1 1 1 1 I 1 I 1 I 1
! 300 v 10.0066 0.044 ! 0.0085! 0.0095! 0.0095 ! 0.019 | 0.032%* | - b
1 1 1 1 I 1 I 1 I 1
11000 v 10.0086! 0.044 | 0.0115! 0.0205! 0.070 | - | - E - b
o o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e e e m e e e e e e e e e e e e e e e e e e e mm—m
> MX. V ? H = 2 x 10' Al Specifications apply between
33% and 120% of noni nal range

This table lists absolute uncertainties when calibrated with
Quildline's reference standards, which are traceable to National Standards
NOTE: 1. Using internal DC reference add +0. 0005%

of Reading to all val ues.

2. External DC reference nust be +10 volts %0.1%
(standard cells w th a sui tabl e buf f er may

Table 2.5: Absolute AC/DC Transfer Accuracy (1 Year) @23°C 5°C
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3 OPERATING INSTRUCTIONS
3.1 | NSTALLATI ON

Place the Digital AC/DC Transfer Standard on a solid bench.
Where the Digital AC/DC Transfer Standard is to be used in a
rack, attach the nounting brackets provided. "To attach the
rackmounting flanges (brackets), the original screws holding
the handles to the instrunent are renoved and the flanges
attached over the handles with the |onger screws supplied.
The instrunment has to be supported in the rack/cabinet with
adj ust abl e support angles or a support Dbar. In case of
interference with other equipnent nmounted directly below the
instrument, the 4 feet nust be renoved. This requires that
the bottom skin of the instrument is |lowered to get access to
the nuts which hold the feet.” Install the unit in the rack.

Check the voltage selector (see section 3.7) on the back of
the cabinet for correct voltage. Connect the line cord to an
el ectrical outlet. Disconnect all cables from the input
connector. Press POWER push button and observe that the
di splay runs through a self test pattern then ranges down from
1000 V range to 3 nV range and then goes to standby.

3.2 FRONT PANEL LOCKOUT

A facility known as FRONT PANEL LOCKOUT is not apparent from
the front panel |egends. Under the control of an external
command applied via the |EEE-488 or RS-232C interfaces, the
action of all the front panel nmenbrane switch controls can be
i nhibited. This command signal even disables LOCAL and can be
used to prevent wunauthorized use of the 7130A when it is
commtted within a system

The 7130A has two forms of FRONT PANEL LOCKOUT. In the first
form all programmable controls, except the LOCAL key, are
di sabl ed. This is known as PARTI AL FRONT PANEL LOCKOUT. In
the second form all progranmable controls, including the LOCAL
key, are disabled. This is known as FULL FRONT PANEL LOCKOUT.
See section 5.5 for nore details.

3.3 FRONT PANEL CONTROLS

All the front panel controls are of the nmenbrane switch type
with the exception of the POANER ON OFF and FRONT/ REAR
switches. Incorporated in sonme of the menbrane swtches is an
LED as a status indicator; all the nmenbrane swtches are
programmbl e via the | EEE-488 and RS-232C interfaces. Sone of
the switches have nultiple functions working in a shift key
node in Sofcal .

18
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3.3.1 PONER ON/ OFF

POWER This alternate action push button
(Push on - push off) applies AC |ine power
to the instrunent. This control is not

progranmable fromthe renote interfaces.

3.3.2 LOCAL
This key will deselect either the GPIB
or RS-232C talk/only nmobdes if either are
tocar selected, or if the remote controller has
| ocked out the |local keyboard then the
| ocal key nmay return control to the
keyboar d.

In Sofcal nmpde this key selects the
numeral "0" or the EXIT nenu item

NOTE: Local control of the instrunment
cannot be restored with this key if
the rempte controller has |ocked out
the entire keyboard (See section 3.2).

3.3.3 GPI B
This key perforns several functions on
t he 7130A.

If the 7130A is configured such that
the | EEE-488 bus is in Talk/Only node then,
the instrunent will out put measur ement
results to a renote device. Depressing the

key will enable the Talk/Only node, the Talk/Only
node may be di sabled by depressing the LOCAL key
(See section 3.3.2).

In Sofcal nmpde this key selects the
numeral "1" or the first nenu item

20



3.3.4 RS- 232C
This key/LED i ndicator conbi nati on
perforns several functions on the 7130A.

If the 7130A is configured as part of
a test and nmeasurenent systemwith a renote
controller, then the LED indicator in this
key is used to indicate that a renote RS-

232C controller is in charge of the instrunent.

|/[_,I;

If the 7130A is configured such that
the RS-232C interface is in Talk/Only
node then, when the LED indicator is
it this indicates that the instrunent

will output neasurenent results to a
renote device (such as a printer).
Depressing the key wll enable the

Tal k/ Only node. The Talk/Only node
may be disabled by depressing the
LOCAL key (See section 3.3.2).

In Sofcal nmpde this key selects the
nuneral "2" or the second nenu item

3.3.5 VOLTS

When the 7130A is powered on, the
default display node is the VOLTS display
node. It is possible to select display
nodes other than the VOLTS display node
(such as PPM node or _V npde, see sections
3.3.7 and 3.3.6), depressing this wll
return the instrunent to the VOLTS node.

In Sofcal nmpde this key selects the
numeral "3" or the third menu item

3.3.6 Vv
When the 7130A is powered on, the
default display node is the VOLTS display

node. It 1is possible to select display
nodes other that the VOLTS display node,
depressing this key wll select the _V
di spl ay node.

21



The _V display uses the nmeasurenent
voltage (obtained at the tine the _V
key was depressed) as a reference
voltage, and subtracts this voltage
from all subsequent measur enents and
displays the _ voltage, or change,
instead of the actual voltage. This
di splay node is useful for nonitoring
the drift of a precision supply. The
LED indicator integral to the Kkey
switch will be Iit to indicate that
the _V display node has been sel ected.

If the difference between the input
voltage and the reference voltage

exceeds 0.1% of the nomnal ful
scal e voltage the display will show
OVER _V

In Sofcal nmpde this key selects the
nuneral "4" or the fourth nenu item

3.3.7 PPM
When the 7130A is powered on, the

default display node is the VOLTS display

It is possible to select display

nodes other that the VOLTS display node,
depressing this key wll select the PPM
di spl ay node.

The PPM di spl ay node uses t he
measur enent voltage (obtained at the
time the PPM key was depressed) as a
reference voltage, and subtracts this
vol t age from al | subsequent
measurenents and displays the change
in voltage, in parts per mllion of
the reference voltage, instead of the
act ual voltage (See also section
3.3.6). This display node is useful
for noni tori ng t he drift of a
preci si on supply.

The LED indicator integral to the key
switch will be Iit to indicate that
t he PPM di spl ay node has been
sel ect ed.
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If the difference between the input
voltage and the reference voltage
exceeds 1000 ppm the display wll
show:.

OVER PPM

In Sofcal nmpde this key selects the
numeral "5" or the fifth menu item

3.3.8 FI LTER
This key is an alternate action switch
which wll enable a software |ow pass

digital filter (when the LED is lit), or
disable the low pass digital filter (when
the LED is extinguished). Each time the key
is depressed the enabl ed/ di sabl ed status of
the Filter will change.

The time roll-off frequency and the
slope of the roll-off of the digital

filter depends upon the filter factor

and filter type selected (see section
4.6). \When the filter is OFF (LED
extingui shed) normal integration is
sel ect ed.

In Sofcal node this key selects the
numeral "6" or the sixth nmenu item

3.3.9 4% DIG TS

When the 7130A is powered on, the
default display mde is the 6% digit
display node. It is possible to select
di splay nodes other than the 6% digit
di splay node, (such as 5% and 4% digit
di splay node) depressing the 4% key wll
select the 4% digit display node.

This display node is useful when the
full accuracy of the 7130A is not
required (such as when a check of a
power supply is desired). The LED
indicator integral to the key swtch
will be |lit to indicate that the 4%
digit display node has been sel ect ed.

In Sofcal nmpde this key selects the
nuneral "7" or the seventh nenu item
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3.3.10 5% DI G TS

When the 7130A is powered on, the
default display mde is the 6% digit
di splay node. It 1is possible to select
di splay nodes other than the 6% display
node, (such as 5% and 4% digit display
node) depressing the 5% key will select the
5% digit display node.

This display node is useful when the
full accuracy of the 7130A is not
required (such as when a check of a
power supply is desired). The LED
indicator integral to the key swtch
will be |it to indicate that the 5%
di spl ay node has been sel ect ed.

In Sofcal nmpde this key selects the
numeral "8" or the eighth menu item

3.3.11 6% DIG TS

When the 7130A is powered on, the
default display mde is the 6% digit
di splay node. It is possible to select
di splay nodes other that the 6% digit
di splay node, (such as 5% and 4% digit
di spl ay node) depressing the 6% digit key
will select the 6% digit display node.

This dsplay nmode is useful when the
full accuracy of the 7130A is required
(such as when an accurate check of a
preci sion power supply is desired).
The LED indicator integral to the key

switch will be lit to indicate that
the 6% digit display mde has been
sel ect ed.

In Sofcal nmpde this key selects the
numeral "9" or the ninth nenu item
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3.3.12 AUTO

Depressing this key wll alternately
enabl e (LED lit) or di sabl e (LED
extingui shed) the AUTORANG NG function of
the instrunment. When the autorangi ng node
is selected (LED lit) the instrunent will
automatically select the appropriate range
for the measurenent of voltage.

VWhen the autoranging node is disabled
(LED extinguished) the instrument will
not automatically change ranges to the
appropriate range for a given input
vol t age.

The aut orangi ng node of the instrument
will be disabled iif the operator
manual y changes the measurenent range
(see sections 3.3.13 and 3. 3. 14).

I n Sofcal nmobde this key "DEL" is used
to delete the current (f1 ashi ng)
character.

3.3.13 - UP

This key is used to select the next
| arger nmeasurenent range, for exanple if
the current nmeasurenment range is the 10
volt range depressing the -UP key wll
cause the 30 volt range to becone the
current neasurenent range.

Depressing the -UP key wll disable
t he aut or angi ng feature of t he
instrunent (see section 3.3.12). |If
the current neasurement range is the
1000 volt range depressing the -UP key
will have no effect on the selected
measur enent range (however autoranging
will be disabl ed).

In Sofcal nopde, depressing this key
will step through the available menu
items, or if Sofcal nuneric entry node
is selected depressing this key wll
enter a decimal point ".".
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3.3.14 ? DOWN

This key is used to select the next
| ower measurenent range, for exanple if the
current nmeasurenment range is the 30 volt
range depressing the ?DOW key will cause
the 10 volt range to become the current
measur enent range.

Depressing the ?DOWN key wi |l disable

t he aut or angi ng feature of t he
instrunent (see section 3.3.12). |If
the current neasurement range is the
300 mllivolt range, depressing the

?DOWN key will have no effect on the
sel ected nmeasurenent range (however
aut oranging will be disabl ed).

In Sofcal nopde, depressing this key
will step through the available nmenu
items, or if the Sofcal-numeric entry
node is selected depressing this key
will change the sign of the nunber
bei ng entered "".

3.3.15 SOFT CAL

This key alternately selects (LED lit)
or deselects (LED extinguished) the Sofca
node of operation refer to Section 4 for
conplete explanation of all the sofcal
functions, |levels and subsets.

NOTE: When the Sofcal node of
operation is selected (and the LED is
lit) the normal functions of the
keyboard keys are disabled and the

speci al Sof cal keyboar d node i's
enabl ed. V\hen Sof cal i's enabl ed
depressing the SOFT CAL key wll
return the 7130A to its nor mal

operating node (LED extingui shed).
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3.3.16 STANDBY

The STANDBY key allows the instrument
to be safely connected to an unknown
vol tage source, and then neasured. This key
is an alternate action key which when
depressed will either put the instrunent
into standby node (LED lit) or neasurenment
node (LED exti ngui shed).

If the instrunent is in measurenent
node (LED extinguished), depressing
this key wll place the instrunent
into standby nmode (LED lit), when the
instrunent is in standby node, it is
safe for the instrunent operator to
connect or disconnect the input |ead
from the voltage source, since the
measur enent circuitry of t he
i nstrunent is effectively
di sconnect ed.

If the instrunent is in standby node
(LED lit), depressing this key wll
connect t he i nternal measur ement
circuitry to the voltage source. |If
the autoranging node is enabled (see
section 3.3.12) the instrunent wll
try the 1000 volt neasurenent range
first, t hen subsequent |y | ower
measur enent nodes unti | t he
appropriate range for nmeasuring the
unknown i nput voltage is found. If the
7130A is not in the autoranging node
(LED extinguished), then the range
nost recently used will be sel ected.

CAUT! ON

The input circuitry of the 7130A may
be damaged when t he i nstrunents
operating nmode is changed from the
standby npde to the neasurement node
if the input voltage is substantially
greater than the previously nmeasured
voltage and the autoranging nmode has
been di sabled by the operator.
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3.3.17 EXT REF
Sel ects an externally connected 10 V
X reference (LED lit). If there is no signa
il connected to the (REF), the 7130A will not
operate correctly.

3.3.18 ENTER
The ENTER key is wused only in the
Sof cal node of operation (See section 4).

3.3.19 REC O P
Swi t ches the anal ogue recorder output
RE( on (LED lit).

of

3.3.20 REC CAL
Sel ects fixed anal ogue output signals,
RE (OV, 45 V, -5V, +10 V, and -10 V) to
A enable calibration of chart recorders or
verify zero at any tine during a recording.

3.3.21 RESET
Reinitializes the mcroprocessor and
simul ates a power up sequence.

3.3.22 FRONT REAR
Sel ects the front or rear inputs.

3.3.23 120 V MAX | NPUT
This input is to be used when neasuring input signals |ess
than 120 V. If the input signal exceeds 120 V the 7130A
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will enter STANDBY nopde and disconnect this input
connector from the anal ogue circuitry. When the 120 V
MAX | NPUT rear input connector is used and the Front/Rear
Switch is depressed, the signal at the rear connector
also appears at the 120 V MAX INPUT front pane
connect or.

3.3.24 1200 V MAX I NPUT HI/LO

Signals between 100 V and 1200 V can be neasured at these
input termnals (H, Lo). If the input signal between
the H and LO termnals exceeds 1200 V the 7130A wll
enter STANDBY node and di sconnect the H input term nal
from the analogue circuitry. When using the rear 1200 V
MAX INPUT HI, LO termnals with the FRONT/REAR switch
depressed, the front panel 1200 V max H termnal is
di sconnected fromall active circuitry.

3.3.25 GUARD

This termnal when used with the GND term nal provides for
single ground point configurations while using a grounded
sour ce. The GUARD termnal is connected to the anal ogue
shielding network and is not connected to digital or
chassis ground. The recomrended guarding technique is to
connect GUARD to the LO input termnal on the front
panel .

The GUARD i nput should never be left disconnected from either
LO or GND input termnals unless it is being driven by an
active GUARD signal generated by the signal source. The
GUARD/ GND connection is not a recommended configuration
since this defeats the effect of the power |ine guarding
and isolation circuitry. However, the GUARD/ GND
termnals can be connected when wusing the 7130A to
measure power |ine frequency signals.

3.3.26 GND

This term nal when used with the GUARD term nal provides for
single ground point configurations while using a grounded
si gnal source. This termnal is connected to the power
line input safety ground, chassis and digital ground.

3.3.27 EXT REF

Two bi nding posts are provided for use when an external 10 VDC
reference is to be used in place of the internal 10 VDC
reference. VWhen the EXT REF option is enabled (pressing
switch EXT REF a 10 VDC (x1000 ppm source nust be
connected to the REF term nals.

3. 4STATUS | NDI CATORS

There are five LED s to the right of the display. TALK, SRQ
LI STEN and REMOTE are GPIB/IEEE-488 status indicators while
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BUSY i ndicates that the instrument is taking a reading.
3. 5REAR PANEL CONTROLS

3.5.1 El GHT POSI TION DI P SW TCH

Switches 1 to 5 allow an | EEE-488 address between 0 and 31 to
be selected. Switch 6 selects talk only or talk/listen
node. Switch 7 selects interface enable/disable and
switch 8 selects audi bl e annunci ator on/ of f.

3.5.2 REAR | NPUTS
See sections 3.3.23 and 3.3.24

3.5.3 EXT REF
See section 3.3.27

3.5.4 RECORDER OUT

An anal ogue output voltage proportional to the last three
digits of the displayed voltage, which can be connected
to chart recorders.

3.5.5 GPI B | NTERFACE (| EEE- 488)

This connector is used for connecting the instrument to other
devi ces/controllers on a General Purpose Interface Bus
(GPIB) | EEE-488 STD (1978 Revi sion).

3.5.6 RS- 232C | NTERFACE
Connects to other devices/controllers configured to operate
via the RS-232CC interface.

3.5.7 PONER RECEPTACLE

Selects |line voltage of 100, 120, 230 or 240 V and accepts a
standard three wire noulded line cord. The receptacle
also has a built inline filter.

3.5.8 NORMAL/ CAL KEY SW TCH

Sel ects normal node or sofcal calibration node. In the NORMAL
node of operation the instrunent will display a corrected
i nput voltage (from the A/ D conversion process). In the
CAL nmode of operation the instrunent wll display the
i nput vol t age directly wi t hout perforn ng any

conpensation. The CAL npde of operation also allows for
the nodification of the entered conpensation coefficients
(See section 4.7).
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3. 6CONTROLS SUMVARY

: | i Al pha

! | I Nuneric

! Control | Functi on ! Character
e oo oo o e e e e e e e e e e e e e e m e e e e a— - o e e e e e e e = -
| PONER ' Line on/off !
T o e e e e e e e e aea o T
! LOCAL I Return to | ocal ! 0
T o e e e e e e e e aea o T
I GPIB I Enable GPIB Tal k/Only ! 1
T o m e e e e e e e e ea o T
! RS-232C I Enabl e Tal k/ Only ! 2
T o e e e e e e e e aeao o T
! VOLTS I Display Volts ! 3
T o e e e e e e e e e ea o T
Y ! Deviation in Volts ! 4
T o e e e e e e e e aea o T
! PPM I Deviation in PPM ! 5
T o e e e e e e e e aea o T
! FILTER I Filter on/off ! 6
T o e e e e e e e e aea o T
! 4% I 4% Digit Resolution ! 7
T o m e e e e e e e e ea o T
! B I 5% Digit Resolution ! 8
T o m e e e e e e e e ea o T
! 6% I 6% Digit Resolution ! 9
T o m e e e e e e e e ea o T
! SOFCAL I Sof cal on/off !
T o e e e e e e e e aea o T
! AUTO I Aut orange on/ of f ! DEL
T o e et e e e e e e e ea o T
- UP ' Manual up range !
T o e e e e e e e e e ea o T
! ? DOWN ' Manual Down range ! +
T o e e e e e e e aea o T
! STANDBY I Standby on/ of f !
T o e e e e e e e e e e aeao o T
! EXT REF I External DC Ref !
T o e e e e e e e e aea o T
! ENTER ! ! Ent er
T o e e e e e e e e aea o T
! REC O P I Recorder Qutput !
T o m e e e e e e e e aaa o T
! REC CAL I Recorder Calibrate !
T o e e e e e e e e aea o T
! RESET I Reinitialize !
T o e e e e e e e e aea o T
! FRONT REAR | Front/Rear |nput Switch
T o e e e e e e e e ea o T
! KEY SWTCH | Normal/Cal Switch !

o o o o o e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = -

Table 3.1: Controls Sunmmary
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3.7 PRELI M NARI ES

3.7.1 VOLTAGE SELECTI ON DRUM

This drum allows the 7130A operator to select the input
voltage of the instrument from one of 100, 120, 220 or
240 volts. It is inportant that the correct input voltage
be selected before any attenpt is nade to operate the
instrunent. To change the selected input voltage, after
renmoving the line cord fromthe receptacle, pry open the
power receptacle as shown in Figure 3.2.

PRYHERE
A
=
m m
__° ~
\:\\ =/
Figure 3.2: Opening the  Power

Recept acl e

Check to see that the fuses inserted in the receptacle
correspond to the type specified in Table 3.2. Only fuses
of the specified type should be used.
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-+
:ILine Vol t age | Fuse Type Required
1
R T
-
:I 100 Volts | 0.5 Anmp Slo-Blo
:: 120 Volts ' (MDL-% A 250 V)
+I_ ______________ U U
-
I n ! 220 Volts ! 0.25 A Sl o-Bl oorder to
rotate | the drum it
must be| 240 Volts | (MDL-% A 250 V) removed
! conpletely
from R e I t he
-+ recept acl e.
Set the Table 3.2: Recomended Fuses vol t age
sel ector
drum so that the proper line voltage indication will be

visible through the receptacle w ndow when the cover is
cl osed.

VWhere the supplied line cord does not nmatch the power
outl et receptacle, the plug may be renoved from the |ine
cord and replaced with a grounded plug of the correct
type. The plug should be wired as shown in Table 3. 3.

o o o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e -
--+
! Cord Wre Col our | Potenti al Vol tage
I
|
A T
-- |
! | Br own ! Hi gh Vol t age
+_I_ __________________ oo e e e e e e e e e e e e e e = - =
-- |
| Bl ue | Neutra
I
+_I_ __________________ oo e e e e e e e e e e e e e e = - =
The --| suppl i ed
! Green/ Yel | ow ! Ground (Earth) noul ded
line ! cord
e e shoul d be
--+ pl ugged
into Table 3.3: Line Cord Wring the 3 pin
power

receptacle on the left hand side rear of the instrunent.
Ensure that the other end of the cord is plugged into a
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wal | socket provided with a protective ground for safe
operation of the instrunent; this also applies to the use
of an extension cable. Where 3-contact supply outlets are
not available a suitable protective ground connection
nmust be made before switching the instrunent on.

Any interruption of the protective ground may possibly
render the instrunent unsafe.

3.8 PRECAUTI ONS

The instrument should be disconnected from the |ine supply
before any attenpt is nade to renpve the cover

Make sure that the voltage to be neasured is applied to the

appropriate input connector. The |ow voltage input has a 120 V
maxi mum and the high voltage input has a 1200 V maxi mum
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3.9 OPERATI NG PROCEDURES

The follow ng procedures describe how to use the 7130A Digital
AC-DC Transfer Standard. To turn on the instrunent press in
the white button at the far left of the front panel narked
POVWER. The instrunent will beep, all segments of the display

will be illumnated and all the LED annunciators will be |it.
Then each 14 segnent character will be illum nated in sequence
from left to right. The instrunment will then automatically
range down from

1000 V.

If there is an input voltage the 7130A will find the
appropriate range and display the readings in volts and the
frequency of the signal. If there is no input voltage the

instrunent, after down ranging to 3 nmV, will go to "~ STANDBY'
node.

During the initial power up the instrument runs a self test
program and is configured into the follow ng state:

. Aut oranging is enabled (see section 3.3.12).

. Vol t age display nmode is selected (see section 3.3.5).
. 6% di splay digits (see section 3.3.11).

3. 10 MEASUREMENT OF VOLTAGE

Switch the instrument 'ON .

Apply the unknown AC or DC volts to the appropriate |ow or
hi gh voltage input of the instrument. Check that the input is
connected to the front or rear connector as per the position
of the FRONT REAR selector switch. If using the |ow voltage
connector, it is strongly recommended that a shorting bar
(provided in accessories kit) be used on the high voltage
i nput .

The instrument will automatically down range to the optinmm
range and will display the 3 nost significant digits of the AC
or DC signal applied. For exanmple if a 0.999 999 volt at 1
kHz signal is applied the display will indicate:
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. After about 45 seconds delay the busy LED will go dark
and the display will be updated as foll ows:

. The display will update every 2 or 4 cycles dependent on
t he update node selected. See Sofcal section 4 to select
or change update rate.

. If the readings displayed are noisy due to external
interference the digital filter can be selected to
i ncrease the neasurenent time and stabilize the readings.
The filter can be adjusted between 3 and 20 readings by
means of a filter factor. To select or change the filter
factor refer to section 4.6 for details.

3. 11 MEASUREMENT OF VOLTAGE DEVI ATI ON

VWhen V or PPM is selected the 7130A wll display the
devi ati on between the input signal and the |ast neasurenment
made in the volts node. It can be displayed as either voltage
difference in volts (_V node) or in parts per mllion (PPM
node) dependi ng on whi ch node has been sel ected. The deviation
node is particularly useful for measuring the drift in AC or
DC sources. A typical display will be as foll ows:

If the input signal deviates by nore than 1000 ppm (0.1% of

nom nal full scale voltage the display will show "OVER PPM' or
"OVER _V".
In order to monitor a signhal that is drifting, it may be

convenient to use the analogue recording facilities of the
7130A in conjunction with the _V and PPM npdes. Refer to
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Anal ogue Recording in section 3.12.
3. 12 ANALOGUE RECORDI NG

To record deviations of an AC or DC signal on a chart
recorder, connect a suitable recorder to the outputs on the
rear of the 7130A making sure the instrunment is in the volts
node and the recorder output is on. This is the default
condition on power up and there is no output at the recorder
terminals in the volts nobde; an anal ogue output signal is only
present in the _V or PPM npodes. Before proceeding, the chart
recorder will need to be calibrated and this can be achieved
using the 7130A's built-in recorder calibration facilities.

Recorder Calibration is performed as foll ows:

1. Wth the 7130A switched on and in the volts nmode with REC
O P (Recorder Qutput) LED lit there will be no output at
the recorder output termnals. This would normally be the
status of the instrunment straight after power up.

2. Press REC O P once.

3. Cbserve that the REC CAL (Recorder Calibration) LED is
illum nated and REC O P LED is extinguished. There is now
a 0 V calibration signal being output which is confirnmed
on the display of the 7130A

4. Adj ust the chart recorder zero (or datum to the required
position on the paper.

5. Press REC CAL once and a +5 V signal is output and

confirmed in the display. If the chart recorder in use
has linearity controls adjust for % full scale positive
defl ection. If there are no linearity controls go to step
6.

6. Press REC CAL once again and a +10 V signal is output and
confirmed in the display. Adjust the chart recorder for
positive full scale deflection on the recorder paper.

7. Press REC CAL again and the +5 V signal is repeated and
linearity can again be checked.

8. Press REC CAL again and the 0 V signal is repeated.
Recheck the chart recorder datum

9. Press REC CAL 3 nore tinmes and -5 V, -10 V and -5 V
signals will be output for adjusting the chart recorder
for negative deflections.

10. Pressing REC CAL a final time returns the recorder output
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to 0 V and the datum can be checked again.

11. Press REC O P.

12. Observe that the REC O P LED is illum nated and REC CAL
has been extinguished. The 7130A is now ready to output
anal ogue signals proportional to the deviations displayed
in either the _V or PPM nodes of neasurenent.

13. Select either _V or PPM and begin recording.

The effective resolution of the anal ogue output on the various
ranges of measurenent of the 7130A are as foll ows:

. _V Mode

e +
! Measur enent ' Full Scale | !
i Range ! Deflection | Sensitivity i
________________ o

i 3 L 410 V ! +1 pv E
o Fom e e e e m oo o T T T TS |
! 10 mV and 30 nv| " | 10 pv |
o Fom e e e e m oo o T T T TS |
| 100 mv | " | 100 pv |
o Fom e e e e m oo o T T T TS |
| 300 nv | " | 100 pv |
o Fom e e e e m oo o T T T TS |
I 1 V and 3 V| " | 1 mv |
o Fom e e e e m oo o T T T TS |
! 10 Vand 30 V | " | 10 nVv |
o Fom e e e e m oo o T T T TS |
1100 V and 300 V | " ! 100 mv |
o Fom e e e e m oo o T T T TS |
| 1000 V | " | 1 V |
T +

. PPM Mode

The recorder output of £10 V fsc is equivalent to £1000 ppm
i.e. 10 nVv of analogue output 1is equivalent to 1 ppm
di spl ayed.

3. 13 EXTERNAL DC REFERENCE

Al though the internal reference of the 7130A is extrenely
stable (<5 ppm per year), it nmay be replaced by the use of a
very high stability known 10 volt DC to inprove neasurenment
performance. Such an external reference should be connected to
the EXT REF term nals and the EXT REF node sel ected (press EXT
REF key).

An external reference nust be within 0. 1% of 10 volts.
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Software correction is provided which will permt a deviation
from1l0 V to be entered as a correction. (See section 4.)
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4 SOFCAL

SOFCAL is proprietary firmware developed by Guildline and
provi des the onboard intelligence built into the 7130A. The
selection of available functions are accessed by descending
through layers until the desired function is reached. The
upper nost | ayer contains the selections shown in Table 4.1.

In order to access any of the SOFCAL | ayers first depress the
key marked SOFT CAL, followed by the nunmber of desired | ayer
key

foll owed by ENTER. For exanple to setup the RS-232C interface
first depress the key marked SOFT CAL, then depress the key
mar ked "2" then the key marked ENTER.

Since it is often inconvenient to have the manual present when
changing one of the instrunent operating paraneters (such as
the RS-232C interface baud rate) the 7130A will pronpt the
operator with all of the possible selections on a given |ayer
if the -UP or ?DOWN keys are depressed repeatedly, when the
desired |l ayer is displayed the operator can depress the ENTER
key to select the desired layer. It should also be noted that
there will be a SETUP EXIT pronpt available, when the ENTER
key is depressed the 7130A will return to the previous |evel.

Depressing the SOFT CAL key a second tinme will cause the 7130A
to return to it's normal operating node, and the LED in the
SOFT CAL key w |l be extinguished. The SOFT CAL key can be
used to exit from SOFCAL node at any tine.

When a SOFCAL nuneric paraneter is to be changed the step by
step

procedur es bel ow al ways show the -UP and ?DOWN keys being used
to select the value of the nunmeric paraneter. It is possible
to enter the direct numeric entry node when changi ng nuneric
parameters, in this node the nuneric keys, the deciml point
key and the "+" key are all active. In order to enter direct
numeric entry node sinply depress one of the nunmeric keys
(0-9), the displayed number wll be cleared and the first
digit of the nunber wll be displayed, followed by an
underscore cursor. Continue to depress digit keys (as well as
the decimal point key and the "z" key) wuntil the desired
nunmber is displayed, then press ENTER
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! Di spl ay ! Descri ption

SETUP GPI B ! This menu | ayer allows the user
to exam ne and verify the GPIB

! ! interface address and npde
! settings which have been setup
! I using rear panel DIP Switch

| ! (See Section 3.5.1).

! SETUP RS-232C ! This menu | ayer allows the user
I to exam ne and change the RS-232C

! ! interface paraneters such as
!l "Baud Rate', "Parity', and 'Stop

! I Bits'.

SETUP SELF-TESTS | This nmenu | ayer allows the tech-
! nician to diagnose problens wth

! the anal ogue neasurenent nodul e.

! SETUP PRI NTER ! When a printer is connected to

! either the GPIB interface or the
! RS-232C interface (and the inter-
! face is configured as Tal k/ Only)
! each neasurenment can be recorded,
! ! the data to be | ogged can be
! selected, in addition the quality
! I of data to be |ogged can be

! I sel ected.

SETUP UPDATE 41 The 7130A has several different

! ! nmeasurenment update nodes, this

1 s | AaviAr Al l Avn ~AAl AR+ i AL AF
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4.1 SOFCAL SETUP GPI B

This nmenu | ayer allows the user to exam ne and verify the GPIB
interface address and node settings which were setup using the
rear panel DIP switch (See section 3.5.1).

1. Depress the SOFT CAL key. The LED in the SOFT CAL key
will become lit, and the display will show SETUP GPIB
with the word GPIB fl ashing.

2. Depress the ENTER key. The display wll show the
currently selected GPIB address. Changing the DIP
switches which select the GPIB address on the rear panel

will cause the displayed address to change. Note: the
GPI B address to which the 7130A will respond to will not
be changed until after the instrunent has been reset (See
section 3.3.21).

3. Depress the ENTER key. The display wll show the
currently selected operational node for the GPIB
i nterface. Changing the DI P switches on the rear panel
which affect the operational node will cause the

di spl ayed node to change. This is useful for setting the
GPI B node. Note: the GPIB operating node will not be
changed until after the instrunment has been reset (See
section 3.3.21).

4. Depress the ENTER key. The display will return to the
di splay SETUP GPIB with the word GPIB fl ashing.

5. Depress the SOFT CAL key. The 7130A will return to its
normal operating node.

4.2 SOFCAL SETUP RS-232C

This menu |layer allows the user to exam ne and change the RS-
232C interface paranmeters such as Baud Rate, Parity, and Stop
Bits. The follow ng step by step procedure illustrates how to
set up the RS-232C interface from the front panel. The
meani ngs of the various paraneters which can be configured are
di scussed in the followi ng sections.

1. Depress the SOFT CAL key. The LED in the SOFT CAL key
will become lit, and the display will show SETUP GPIB
with the word GPIB fl ashing.

2. Depress the 2 key. The display will show SETUP RS-232C
with the word RS-232C fl ashi ng.

3. Depress the ENTER key. The display wll show the
currently selected baud rate, wth the current rate
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f1 ashi ng.
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10.

11.

12.

13.

14.

Depress the -UP key to select a higher baud rate or the
?DOMNN key to select a lower baud rate, continue to
depress the -UP and ?DOWN keys until the desired baud
rate is displayed.

Depress the ENTER key to select the baud rate shown. The
7130A will now display the current RS-232C interface
parity sel ection.

Depress the -UP or the ?DOWN key to select an alternate
parity choice, continue to depress the -UP and ?DOWN keys
until the desired parity is displayed. Available choices
are none, odd, and even.

Depress the ENTER key to select the parity displayed. The
7130A will now display the current RS-232C interface stop
bits sel ection.

Depress the -UP or the ?DOW key to select an alternate
stop bit choice, continue to depress the -UP and ?DOWN
keys until the desired nunmber of stop bits are displayed.
Avai |l abl e choices are 1, 1.5, and 2.

Depress the ENTER key to select the stop bits displayed.
The 7130A will now display the current RS-232C interface
data bits sel ection.

Depress the -UP or the ?DOWN key to select an alternate
data bit choice, continue to depress the -UP and ?DOWN
keys until the desired nunmber of data bits are displayed.
Avail abl e choices are 7, and 8.

Depress the ENTER key to select the data bits displayed.
The 7130A will now display the current RS-232C interface
echo node sel ecti on.

Depress the -UP or the ?DOWN key to select an alternate
echo nmode choice, continue to depress the -UP and ?DOWN
keys until the desired echo node is displayed. Available
choices are ON, and OFF.

Depress the ENTER key to select the echo node displ ayed.
The 7130A will now display the current RS-232C interface
fl ow control node sel ection.

Depress the -UP or the ?DOW key to select an alternate
flow control node choice, continue to depress the -UP and

?DOWN  keys until the desired flow control node is
di spl ayed. Avai |l able choices are NONE, RTC/CTS, and
XON/ XOFF.
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15.

16.

17.

18.

NOTE:
the i

Depress the ENTER key to select the flow control node
di spl ayed. The 7130A will now display the current RS-232C
i nterface operation node.

Depress the -UP or the ?DOWN key to select an alternate
interface operational node choice, continue to depress
the -UP and ?DOW keys wuntil the desired interface
operational nmode is displayed. Avai | abl e choices are
TALK/ ONLY, and TALK/ LI STEN.

Depress the ENTER key to select the interface operational
node di splayed. The display will return to the display
SETUP RS-232C with the word RS-232C fl ashi ng.

Depress the SOFT CAL key. The 7130A will return to its
normal operating node.

The RS-232C paraneters will not be changed until after
nstrunent has been reset (See section 3.3.21).

4.2.1 Baud Rate
The baud rate on an RS-232C interface determ nes the tinme
that will be taken to transmt each bit of information

Common baud rates are 300, 1200, and 9600 baud. The 7130A
has a w de range of available baud rates which can be
used. The higher baud rates allow information to be
passed between the controller and the instrunent nore
qui ckly, however the higher baud rates require faster
processi ng and hence are not always an advantage. For the
7130A a baud rate of 1200 is satisfactory to nove all
information to and from the instrument with no del ays,
this is due to the fact that the 7130A only perforns 1
readi ng every 2 seconds at its fastest.

4.2.2 PARI TY

The parity bit in a serial communications data byte is
used as a quick check of the correctness of the data
transmtted. The parity is conputed by adding up the
bits in the data byte and appending one final bit which
makes the total number of 1 bits either even (as in EVEN
parity) or odd. The 7130A does not check the parity of
incom ng data, however any data transmtted to the renpote
controller should have the correct parity since nany
controllers require the correct parity otherw se data
will not be accepted. The parity feature can be disabl ed
by selecting a parity setting of NONE
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4.2.3 STOP BITS

In an asynchronous conmunications system (ie. RS-232C)
there is a variable delay between each character
transmtted, the mnimm delay between each byte is set
by the nunber of stop bits. If no data is being
transmtted this is equivalent to sending nore stop bits
(often hundreds or thousands of stop bits are sent).
Usually 1 stop bit is sufficient to separate transmtted
characters but some devices require nore than 1 stop bit
therefore the 7130A allows the choice of 1, 1.5, or 2
stop bits.

4.2. 4 DATA BI TS

The entire ASCII character set can be represented with 7
data bits, but sone controllers require the eighth data
bit to be sent. The 7130A will ingore the eigth bit on
any received data, and wll always transmt a zero for
bit 8 if 8 bit data node has been sel ect ed. Normal ly 7
bits of data are all that are required.

4.2.5 ECHO

If the 7130A is used with a dunb termnal, or if the
controller wishes to confirm that data sent was received
correctly the 7130A can be programmed to echo back any
recei ved data. The echo can be turned on or off.

4.2.6 FLOW CONTROL

VWhen data is being sent to or froma controller there may
be tines when the controller is not prepared to receive
data, during these tinmes the controller signals to the
7130A that it is not able to receive data, and that data
should not be transmtted. There are several common
nmet hods of controlling the flow of data (flow control).
The nost desirable method is to not use flow control
(NONE), this allows the snmoothest flow of data possible.
VWhen flow control is required the 7130A recognizes two
met hods of restricting the flow of data, hardware
handshaki ng, and software flow control.

The hardware handshaki ng techni que (RTS/ CTS) uses the RS-
232C control lines, request to send (RTS) is set true by
the controller when the controller is requesting
perm ssion to send data to the 7130A, the 7130A will
activate the clear to send (CTS) signal to indicate that
data may be sent from the controller to the 7130A. To
contr ol the flow of data from the 7130A to the
controller, the ~controller nust activate the data
terminal ready (DTR) signal line to indicate that the
controller is ready to receive data.
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The software flow control technique uses two characters
from the ASCI|I character set to halt the data flow, and
to re-enable the data flow These two characters are
normally named XON and XOFF (transmitter (X) on and
transmtter (X) off). The two characters which the 7130A
will accept and send are -S (ASCII Device Control 3
(DC3)) to stop transmi ssion, and -Q (ASCI| Device Contro

1 (DCl)) to enable transm ssion.

4.2.7 MODE

The 7130A provides for two nodes of operation on the RS-
232C interface, Talk/Only and Tal k/Listen. The Tal k/ Only
node is used for devices (such as printers) which wll
only log data sent to them The Tal k/Listen node is used
for devices (such as conputers) which will send commands
to the 7130A and expect replies fromthe 7130A

4.3 SOFCAL SETUP SELF- TESTS

This nmenu |ayer allows a technician to diagnose problenms with
t he anal ogue neasur enent nodul e.

These self tests are invaluable in allowing a qualified
technician to trouble shoot and partially calibrate the
anal ogue nodul e.

4.3.1 FI BRE LI NK TEST
This test continuously cycles through 8 different bit
patterns to see if the full duplex serial link is running

and this results in one of two nessages:

1. LI NK NOT RUNNI NG, something is wong wth the
optical fibres or |ink hardware

2. LI NK OK; serial conmmunications are O. K.

4.3.2 FREQUENCY

This test continuously nonitors the output of the zero-
crossing detector and puts the calculated frequency on
t he displ ay.

4.3.3 SET DAC OUTPUT
This test sets the DC voltage connected to the
anplifier/attenuator nodul e.

The range is any nunber between 0 and 2.5 inclusive,
where 2.0 is 100% of range and 2.5 represents 25% over
range.

This test, in conjunction wth DMITC Adjust i's
i ndi spensable in checking the operation of the servo | oop
and the null on the thermal converter.
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4.3.4 ADC
This test checks the 8 channels on the A/D converter in
t he anal ogue nodul e.
4.3.4.1 RMS
This test checks and reports the output of the 3%
digit RMS-DC converter, where 1.0 represents full
scal e i nput.

4.3.4.2 +5

This test checks and reports the +5 volt digital
supply in the analogue nodule, where +4.6 V is
nom nal . This supply is checked on power up and an
error nmessage results if it is below nom nal

4.3.4.3 +15

This test checks and reports the +15 volt anal ogue
supply in the analogue nodule, where +14 V is
nom nal . This supply is checked on power up and an
error nmessage results if it is bel ow nom nal

4.3.4.4 -15

This test checks and reports the -15 volt anal ogue
supply in the analogue nodule, where -14 V is
nom nal . This supply is checked on power up and an
error nmessage results if it is bel ow nom nal

4.3.4.5 1 ms FILTER

This channel test of the nultiplexer |ooks at the
out put of the integrator in the servo |oop through a
1 ns tinme constant filter. Full scale is £5.000
(volts). Thi s channel i's used in maki ng
nmeasurenents above 1 kHz.

4.3.4.6 10 ms FILTER

This channel |ooks at the output of the integrator
in the servo loop through a 10 ns time constant
filter. This channel is used in making neasurenents
bet ween 100 Hz and | kHz.

4.3.4.7 100 ns FILTER

This channel 1ooks at the output of the integrator
in the servo loop through a 100 ns time constant
filter. This channel is used in making neasurenents
bel ow 100 Hz.

4.3.4.8 CAL

Thi s channel |ooks at anal ogue ground and is a check
on the 12 bit A/D converter calibration and two
representations are given, decimal and binary.

49



The converter is in calibration if one of the two
foll owi ng binary nunbers are displayed:

1000. .. 00 (11 zeros)

or
0111...11 (11 ones)
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4.3.5 DMITC ADJUST

This checks the balance of the thermal converter at the
two sensitivity levels of the servo |oop, Hgh (H)
sensitivity and Low (L) sensitivity, as well as at both
polarities (+ and -) of the DC |level set in the routine
DAC OQUTPUT. The four possible conbinations are cycled
t hrough by selecting the arrow - or ? keys and the output
of the integrator in the servo loop is displayed in
vol ts.

4.4 SOFCAL SETUP PRI NTER

VWhen a printer is connected to either the GPIB interface or
the RS-232C interface (and the interface is configured as
Tal k/ Only) each neasurenent can be recorded, the data to be
| ogged can be selected, in addition the quantity of data to be
| ogged can be sel ected. The following step by step procedure
outlines how to set up the printer output format.

1. Depress the SOFT CAL key. The LED in the SOFT CAL key
will become lit, and the display will show SETUP GPIB
with the word GPIB fl ashing.

2. Depress the "4" key. The display will show SETUP PRI NTER
with the word PRI NTER fl ashi ng.

3. Depress the ENTER key. The display wll show the
currently selected print rate, with the current rate
flashing. A print rate of 1/3 will print 1 result every
3 readings, a print rate of 1/1 will print every result.

Normally a print rate lower than 1/1 is used (such as
1/10) so that the anount of paper used over a |ong period
of time (i.e. 24 hours) is reduced.

4. Depress the -UP key to select a lower print rate or the
?DOWN key to select a higher printer rate. Continue to
depress the -UP and ?DOWN keys until the desired print
rate is displayed.
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5. Depress the ENTER key to select the print rate shown. The
7130A will now display the current print error selection.
The print error selection allows the output of the four
i ndi vidual error voltages from the four subneasurenents
to be output along with the final result.

6. Depress the -UP key or the ?DOW key to change the
sel ection of print error, continue to depress the -UP and
?DOWN keys until the desired print error nmode (ON or OFF)
is displayed.

7. Depress the ENTER key to select the print error node
shown. The 7130A will now display the current print
frequency selection. The print frequency selection allows
the output of the frequency neasured by the frequency
counter in the 7130A.

8. Depress the -UP key or the ?DOW key to change the
sel ection of print frequency, continue to depress the -UP
and ?DOWN keys until the desired print frequency node (ON
or OFF) is displayed.

9. Depress the ENTER key. The display will return to the
di splay SETUP PRI NTER with the word PRINTER fl ashi ng.

10. Depress the SOFT CAL key. The 7130A will return to its
normal operating node.

11. Toggle the printer on and off by pushing the front panel
RS- 232C key.

4.5 SOFCAL SETUP UPDATE

The 7130A has several different measurenent update nodes, this
menu | ayer allows selection of the update nodes. Nornally the
7130A automaticaly selects the optimum trade-off between
di splay wupdate rate and reading stability, however it s
possible to decrease the display update rate in order to
i nprove reading stability. In addition it is possible to have
the 7130A update the displayed reading after only two of the
four measurenent cycles, at the expense of a reduced reading
accuracy and stability.

The time for a display update can be conputed by know ng the
measurenent cycle time, the nunmber of displayed digits, and
t he nunmber of cycles per update (see Table 4.2). To determ ne
di splay update tinme sinply multiply the cycle time (from Tabl e
4.2) by the nunber of cycles per display update (2 or 4).

It is also possible to increase the cycle tinme above the tines
given in Table 4.2 by setting the update tine as directed
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Depress the SOFT CAL key. The LED in the SOFT CAL key
[
t

wi become lit, and the display will show SETUP GPIB
with the word GPIB fl ashing.

Depress the "5" key. The display will show SETUP UPDATE
with the word UPDATE fl ashi ng.

Depress the ENTER key. The display wll show the
currently selected update rate, with the current rate
f1 ashi ng. An update rate of 2 cycles will wupdate the

di splay every 2 cycles, a update rate of 4 cycles wll
update the display every 4 cycles. Normally an update
rate of 4 cycles is selected for best reading accuracy
and stability.

Depress the -UP or the ?DOW key to select the desired
update rate, continue to depress the -UP and ?DOWN keys
until the desired update rate is displayed.

Depress the ENTER key to select the update rate shown.
The 7130A will now display the current cycle tine in
mlliseconds. The cycle time actually used by the 7130A
is the greater of the cycle time shown and the cycle tine
shown in Table 4. 2.

Depress the nuneric keys (0-9) followed by ENTER to
sel ect the new desired cycle time. Valid cycle tines are
1000 nS to 8000 nS.

Depress the ENTER key to confirm the displayed cycle
tine. The display wll return to the display SETUP
UPDATE with the word UPDATE fl ashi ng.

Depress the SOFT CAL key. The 7130A will return to its
normal operating node.
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Cycle Tinme

Measur enent

i splay |
igits !

y D
I D
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1
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=+
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g
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g
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4Y5

+
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4.
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g

100- 10 kHz

3.

5%
g

2.

4Y5

+

=+

4.
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g

>10 kHz

3.

S5Y2

I
1
o e e e e oo o
I
1

+——_— e+

+ -

4Y5

+-— -

Di spl ay Resol ution and Update Ti nes

Tabl e 4. 2:

54



4.6 SOFCAL SETUP FILTER

The 7130A has several different nmeasurenment filters avail abl e.
This menu | ayer allows the selection of the desired filter.

4.6.1 FILTER TYPE

4.6.1.1 ROLLI NG AVERAGE

This filter takes the |last N nmeasurenents, where N
is the nunmber chosen for the filter constant,
divides the result by N and puts this on the
di spl ay.

4.6.1.2 DECI MALI ZATI ON

This filter takes the present nmeasurenent and
multiplies it by 1/N, where N is the nunmber chosen
for the filter constant, and adds this to (N-1)/N
times the present displayed value and this nunber
beconmes the new di spl ayed val ue.

4.6.1.3 FI LTER CONSTANT
A whole nunber between 3 and 20 and is used as
descri bed above in Filter types.

4.7 SOFCAL SETUP COWP

The 7130A has several corrections which are nmade to the data
after the data is collected from the analogue neasurenment
hardware and before the result is displayed. This nmenu | ayer
al | ows t he nodi fication of t he vari ous conpensati on
coefficients.

4.7.1 SOFCAL SETUP FREQ COWP

For each neasurenent voltage range and each frequency
range within the voltage neasurenent range there is a
software conpensation coefficient. This nenu |ayer
all ows the nodification of the conpensation coefficients.
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The conpensation points are shown in Table 4. 3.
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, -DC |
SREERLEE |
| +DC |
aRPEEEEE |
! 10 Hz |
aRPEEERE |
! 20 Hz |
aRPEEEEE |
! 60 Hz |
aREEEEEE |
! 100 Hz |
oo |
| 1 kHz;
aREPEEEE |
| 3 kHz,
aREPEEEE |
| 6 kHz|
aRPEEEEE |
! 10 kHz;
aRPEEEEE |
! 20 kHz;
oo |
! 30 kHz;
aRPEEEEE |
! 60 kHz;
e |
! 100 kHz;
e |
! 200 kHz;
P PEEEEE |
! 400 kHz;
oo |
! 600 kHz;
aPEEEEEE |
! 800 kHz;
aREPEEEE |
! 1 MHz;
S +

Table 4.3: Frequency Conpensati on
Poi nt s

At each

frequency an error termis entered (in parts per mllion

(ppm ). The 7130A corrects the neasurenments at each of
t he conpensation points before displaying the result. The
conpensation is not perfornmed if the NORMVAL/ CAL Kkey
switch is in the CAL position (See 3.5.9).

For example, if the following (partial) table of error
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terns were entered for the 10 volt range:

58



! Partial Table of
! ! Frequency Conpensation Coefficients

o e e e e e e e e e e e e e e e e e e e e E e e e e e m E e m e e e e e e e e e e e m— - I
! Range | Frequency | Frequency Conpensation ':
. l (Volts) | (Hz) . (ppm
! R oo o m e e e e e e e oo !
| 10 | 60 | 400 |
I
............ e el
| | 100 : 200 |
I
............ e el
| | | 1000 | 0 |
____________ e ..o
| | 3000 | -100 |
___________________________________________________ +

If the input frequency were 100 Hz the measured voltage
woul d be increased by 200 ppm before being displayed, if
the input frequency were 1 kHz the neasured voltage would
be displayed wth no nodifications. If the input
frequency is between 100 Hz and 1 kHz the anpunt of
conpensation would be linear interpolated between 200 and
O ppm conpensation. The linear interpolation fornula is
shown in Equation (2).

“[ a:hlgh C|OWX(

o #
lesplayed Vmeasuredx| 1+Q in~ Iow)+ Clow X]_O y

T gf hlgh f low g b
Ciow Conmpensation fromtable at frequency bel ow i nput
frequency
Ciigh Conpensation from table at frequency above input
frequency
fin | nput frequency
f1ow Tabl e frequency bel ow i nput frequency

frign Table frequency above input frequency

59



In order to change the frequency calibration coefficients
foll ow the step-by-step procedure given bel ow

1.

10.

11.

12.

Turn the NORMAL/ CAL key switch to the CAL position

If the key switch is in the NORMAL position it is
possible to review the conpensation coefficients,
but it wil | not be possible to change the
conpensation coefficients.

Depress the SOFT CAL key. The LED in the SOFT CAL
key will becone |lit, and the display will show SETUP
GPIB with the word GPI B fl ashi ng.

Depress the 7 key. The display will show SETUP COW
with the word COWP fl ashing.

Depress the ENTER key. The display will show SETUP
FREQ COWP, with the words FREQ COWP fl ashi ng.

Depress the ENTER key. The display will show COW
RANGE 100 nV with the word 3 nVv fl ashi ng.

Depress the -UP or the ?DOWN key to select the
desired range, continue to depress the -UP and ?DOWN
keys until the desired range is displayed.

Depress the ENTER key to select the range shown. The
display will show COW FREQ -DC with the word -DC
f1 ashi ng.

Depress the -UP or the ?DONWN key to select the
desired frequency, continue to depress the -UP and
?DOWN keys until the desired frequency is displayed.

Depress the ENTER key to select the frequency shown.
The display will show COVWP <PPM> XXX with the nunber
XXX fl ashi ng.

Depress the nunmeric keys (0-9) and the £ key
followed by ENTER to select the new desired
conpensati on. Valid conpensation values are from
-9999 ppmto +9999 ppm

Depress the ENTER key to confirm the displayed
conpensation coefficient. The display will return to
the display COW FREQ nnnHz with the word nnnHz
f1 ashi ng.

Depress the SOFT CAL key. The 7130A will return to
its normal operating node.
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13. Turn the NORMAL/ CAL key to the NORMAL position, then

the selected conpensation wll be applied to the
readi ngs.

4.7.2 SOFCAL SETUP REF COWP

This nmenu |ayer allows for nodi fication  of t he

i cat
conpensation coefficients associated with the internal DC

ref erence.

Creferenceg

10° @

Vdisplayed:Vmeawred X?--I_ ( 3)

wher e Vieasuwreda | S the measured vol tage
Viispiayea 1S the displayed voltage
Coeference 1S the coefficient entered for the
reference conpensation

Ceference My be positive or negative.

VWhen the 7130A neasures a voltage, the voltage is a ratio
between the input voltage and the internal reference. It
is possible for the internal reference to have a slight
error (normally only a few parts per mllion (ppm), it
is possible to correct the displayed readings for this
error by entering a correction factor. As shown in
Equation (3) the magnitude of the value displayed is
increased (or decreased) by the nunber of parts per
mllion entered as the Reference Conpensation factor. The
conpensations shown in Equation (3) will not be perforned
unl ess the followi ng conditions are net:

. The NORMAL/CAL key switch nust be in the NORVAL
position (see section 3.5.9).

. The internal DC reference nust be selected (see
section 3.3.17).

I n order to change the reference conpensation coefficient
foll ow the step-by-step procedure given bel ow

1. Turn the NORMAL/ CAL key switch to the CAL position
If the key switch is in the NORMAL position it is
possible to review the conpensation coefficient, but
it will not be possible to change the conpensation
coefficient.
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2. Depress the SOFT CAL key. The LED in the SOFT CAL
key will becone |lit, and the display will show SETUP
GPIB with the word GPI B fl ashi ng.

3. Depress the 7 key. The display will show SETUP COWP
with the word COWP fl ashing.

4. Depress the ENTER key. The display will show SETUP
FREQ COWP, with the words FREQ COWP fl ashi ng.

5. Depress the 2 key. The display will show SETUP REF
COW with the words REF COWP fl ashi ng.

6. Depress the ENTER key to display the reference
conpensation. The display will show COW <PPM> XXX
with the nunmber XXX fl ashi ng.

7. Depress the nunmeric keys (0-9) and the £ key
followed by ENTER to select the new desired
conpensation. Valid conpensation values are from
-9999 ppmto +9999 ppm

8. Depress the ENTER key to confirm the displayed

conpensation coefficient. The display will return to
the display SETUP REF COWP with the words REF COW
f1 ashi ng.

9. Depress the SOFT CAL key. The 7130A will return to
its normal operating node.

10. Turn the NORMAL/ CAL key to the NORMAL position, then
i f the internal DC reference is selected the

sel ected conpensation will be applied to the
readi ngs.

4.7.3 SOFCAL SETUP DAC COWP

This nmenu |ayer allows for nodi fication  of t he

conpensation coefficients associated with the internal
DAC whi ch scal es the DC reference.

VWhen the 7130A neasures a voltage, the voltage is a ratio
bet ween the input voltage and the internal reference. The
ratio between the reference and the input is performed
through a Digital to Anal ogue Converter (DAC). The DAC is
not perfectly linear, and in order to conpensate for the
non-linearities in the DAC it is possible to enter a set

of linearizing coefficients. The coefficients are:
1. an offset term to correct for the DAC output not
passing through zero, when a zero output i's
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sel ect ed.

a gain correction term to correct between an ideal
DAC gain of 1.0 and the actual DAC gai n.

a linearity termto correct for a slight bend in the
DAC gai n.
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The conpensation is performed using Equation (4).

Coffset C gam

a: inearityQ
lesplayed ———*+ V measured Xﬁ. 0+ 2 li y¥
10° 10°

e 10° z

-t (V fs Vmeasured)
(4]

wher e Vieasured 1S the neasured vol tage
Viaisplayed 1 S the displayed vol tage

Vis is the full scale voltage for the range on

|ch t he measurenent i s nade

Coitset 1S the coefficient entered for offset

conpensati on
Cypain 1S the coefficient entered for
conpensati on

Cinearity 1S the coefficient entered for linearity

conpensati on

Cotsets Cgain, and GCiinearity My be positive or negative.

The three coefficients (GCorset, Gain, and Ginearity) Can be

nodi fi ed using the follow ng step-by-step procedure:

1. Turn the NORMAL/CAL key switch to the CAL position.

If the key switch is in the NORMAL position it
possible to review the conpensation coefficient,

it will not be possible to change the conpensation

coefficient.

2. Depress the SOFT CAL key. The LED in the SOFT CAL
key will becone |lit, and the display will show SETUP

GPIB with the word GPI B fl ashi ng.

3. Depress the 7 key. The display will show SETUP COWP

with the word COWP fl ashing.

4. Depress the ENTER key. The display will show SETUP

FREQ COWP, with the words FREQ COWP fl ashi ng.

5. Depress the 3 key. The display will show SETUP DAC

COW with the words DAC COWP fl ashi ng.

6. Depress the ENTER key. The display will show DAC

OFFSET, with the word OFFSET fl ashi ng.
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10.

11.

12.

Depress the -UP or the ?DOWN key to select the
desired coefficient (OFFSET, GAIN, or LINEARITY)
Continue to depress the -UP and ?DOWN keys until the
desired coefficient is displayed.

Depress the ENTER key. The display will show one of
DAC OFF XXX, DAC GAIN XXX, or DAC LIN XXX with the
coefficient value XXX flashing.

Depress the nunmeric keys (0-9) and the £ key
followed by ENTER to select the new desired
conpensation. Valid conpensation values are from
-9999 ppmto +9999 ppm

Depress the ENTER key to confirm the displayed
conpensation coefficient.

Depress the SOFT CAL key. The 7130A will return to
its normal operating node.

Turn the NORMAL/ CAL key to the NORMAL position, then
if the internal DC reference is selected the
sel ected conpensation will be applied to the
readi ngs.
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4.8 COVPENSATI ON COEFFI Cl ENTS

4.8.1 WORKSHEETS

The following enpty tables are provided
t he conpensation coefficients entered

recordi ng of
the 7130A for

a permanent recor d.

o e e e e e e e e e e aea o +
! I nternal Reference !
I Conpensati on Coefficient |
o e e e e e e e e e e e e e e e e e e e o !
| o (ppm
EEREEEEEEEEEEEE b |
: Creference : :
o e e e e e e e e e ea o +
o o e e e e e e e e e e e e e e e e e e e e e ===

Digital To Anal ogue Converter
Conpensation Coefficients

o e e e e e e m e e e e e e e e e e e e e e e e =
; i (ppm

R I LI
: Coffset : :
e B
: Cgain : :
e B
: Clinearity : :

o e e o e e m e e e e e e e e e e e e e e e e e e =
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+

i Frequency Conpensation Coefficients (ppm

b il
I

i ! Range
E ! Vol ts
I

E Frequency
o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e m e e e e e m e - |

| i 0.3 - '3 ! 10 1 30 i 100 :I3OO i 1000
I

E ------------ Fomm - F----- +----- S S S S Fommm -
I

|

i - DCorrset | l : l I : : : I
S S S F----- +----- S F--- - - S S TS
I

|

i - DGaain l l : l I : : : I
e S S F----- +----- S F--- - - S S TS
I

|

i AGorrset | l : l I : : : I
S S S F----- +----- S F--- - - S S TS
I

|

i tDCorrset | l : l I : : : I
S S S F----- +----- S F--- - - S S TS
I

|

i +DCgain I l : l I : : : I
e S S F----- +----- S F--- - - S S TS
I

|

10 H | | | | | | |
ln- ------------ Fomm - F----- +----- S S S S Fommm -
I

|

20 Hz | | | | | | | |
ln- ------------ Fomm - F----- +----- S S S S Fommm -
I

|

60 Hz | | | | | | | |
ln- ------------ Fomm - F----- +----- S S S S Fommm -
I

|

100 Hz | | | | | | | |
ln- ------------ Fomm - F----- +----- S S S S Fommm -
I

|

| 1 kHz | | | | | | | |
ln- ------------ Fomm - F----- +----- S S S S Fommm -
I

|

| 3 kHz | | | | | | | |
ln- ------------ Fomm - F----- +----- S S S S Fommm -
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e e e e e . U - i

------------ T LT T T Tt R
10 khz | | | | | | | |
------------ T LT T T Tt R
20 kHz | | | | | | | |
------------ T LT T T Tt R
30 kHz | I I I I I I I
------------ T LT T T Tt R
60 kHz | | | | | | | |
------------ T LT T T Tt R
100 kHz | I I I I I l I
------------ T LT T T Tt R
200 kHz | I I I I I l I
------------ T LT T T Tt R
400 khz ! | | | | | | |
------------ T LT T T Tt R
600 kHz | I I I I I l I
------------ T LT T T Tt R
800 kHz | I I I I l I I
------------ T LT T T Tt R
1 Mz | | | | | | | |

NOTE: See section 6.3.2 for cal cul ati on of coefficients.

68



Frequency Conpensation Coefficients (ppm

Frequency Range mllivolts

3 10 30 100

- DCoffset

- chain

ACof fset

+DCoffset

+chai n

10 Hz

20 Hz

60 Hz

100 Hz

[ —

k Hz

w

k Hz

(o2}

k Hz

10 kHz

20 kHz

30 kHz

60 kHz

100 kHz

200 kHz

400 kHz

600 kHz

800 kHz

NOTE: See section 6.3.2 for calculation of coefficients.
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4.8.2 CALCULATI ONS
The conpensation coefficients are used in the follow ng
manner when cal cul ating the displayed value of the input:

For AC neasurenents, the nmeasurenment cycle repeats the
sequence step 1, step 2, step 4 where the output for step
1 (V4nterna) is used as the input to step 2 and the output
fromstep 2 used as the input to step 4.

For DC nmeasurenments, the measurenent cycle repeats the
sequence step 1, step 2, step 3.

Step 1: Ref erence Conpensati on

Creference O
VilnternaI: V measured X 9 + ef—6+
e 10
Step 2: DAC Conpensati on
Coffset 1 Caain Hllinearit d'l
2 — 1 - g 1 2 y¥>
Vinterna = 1—05+Vinterna| X{\V st 10° + (Vinternal ) Xg 10° i
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Step 3: DC Measur enent

Cocoffset

CDCgalno
lesplayed +V|nternal Xﬁ O+
10° e

10° o

Step 4: AC Measur enent Frequency Conpensati on

&  Chigh~Ciow

f X( fin_ flow)+ C|0W2

low

5 1 C acofset

VgiSlOIayed= Vi2r1terna| X glo e 10
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S REMOTE CONTROL

The 7130A Digital AC/ DC Transfer Standard operates directly
fromthe front panel or under renote control of an instrunent
controller, ~conputer or termnal. Renote control can be
interactive, wth the wuser controlling each step from a
termnal, or under the control of a conmputer running the 7130A
in an automated system It is also possible to connect a
printer to the renote interface of the 7130A and have the
7130A output some or all of the neasurenents taken to the
printer for a permanent record.

This chapter describes the interfaces and the commands to
whi ch

the 7130A will respond. The setting of the GPIB address and
node i s

described in Section 4.1.

5.1 | NTERFACES

The nodel 7130A has two interfacing standards avail abl e:
1. A GPIB interface conform ng to | EEE-488. 2.

2. A serial interface conformng to RS-232C

The GPIB address switch and connector are on the rear pane
and the GPIB can be configured by the dip switch. Setting up
the DIP switch is explained in Section 3.5.1.

The RS-232C connector 1is on the rear but it has to be
configured fromthe front panel as explained in Section 4.2.

The 7130A can be operated in a system where both RS-232C and
| EEE interfaces are being used. It can be controlled with an
| EEE bus and a printer connected to the RS-232C output for
per manent records of nmeasurenents.

In a system containing nore than one controller, only one
controller can exercise control while the other stays in
dormant state until control is transferred.

5.2 | EEE-488 (GPIB) | NTERFACE

The 7130A is fully programmble for use on the | EEE standard
488.1 interface bus (IEEE-488 bus). The interface is also

designed in conpliance wth the supplenental st andard
| EEE- 488. 2. Devi ces connected to the bus in a system are
designated as talkers, i steners, tal ker/listeners, or

controllers. The 7130A can be operated on the |EEE-488 bus as
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a tal ker or under the control of an instrument controller as a
tal ker/listener.

Thi s manual assumes that the user is famliar with the basics
of the | EEE-488 interface bus.

The

| EEE- 488 interfacing standard applies to interface of

instrunentation systenms or portions of them in which the:

1.

Data exchanged anong the interconnected apparatus is
digital.

Nurmber of devices that may be interconnected by one
conti guous bus does not exceed 15.

Total transmission path I|engths over interconnecting
cabl es does not exceed the |esser of either 20 neters or
2 times the nunber of devices on the bus.

Data rate across the interface on any signal |ine does
not exceed 1 negabit per second.

5.2.1 CONTROLLER

There can be only one designated controller in charge on
the GPIB bus. This device exercises overall bus contro
and is capable of both receiving and sending data. The
rest of the devices can be designated as |istener, talker
or tal ker/listener.

The controll er can address ot her devices and conmnmand t hem

to listen, address one device to talk and wait till the
data is sent. Data routes are set by the controller but
it need not take part in the data interchange.

5.2.2 GPl B RESPONSES

The reply to any GPIB query conmmand will be a sequence of
ASCI | characters followed by a Line-Feed character
(Ox0A). The Line-Feed character may al so be expressed as
OA;s or 105 or 12g or control-J. Thr oughout this manual
we will wuse the "C' programm ng |anguage notation for
expressing nunbers in base 16, specifically Ox0A

indicates that OAis to be interpreted in base 16 (hex).

5.2.3 | NTERCONNECTI NG CABLE AND GPI B CONNECTOR

The interconnecting cable of |EEE-488 1978 consists of 24
conductors, 16 conductors are for carrying signals and 8
for grounding. Individual cable assembly should be up to
4 meters long and should have both a plug and a
recept abl e connector type at each end of the cable. Each
connector assenbly is fitted with a pair of captive
| ocki ng screws.
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5.2.4 TYPI CAL SYSTEM
Data | nput/Qutput Lines - The 8 data I1/O lines form the
data bus over which data between the various devices is

transmtted under the supervision of the controller. The
nessage bytes are carried on Data |I/0O signal lines in a
bi t paral | el byte serial form asynchronously and
generally in a bidirectional nanner.

Handshake or Data Byte Control - The three interface
signals are used to effect the transfer of each byte of
data on the DIO signal lines from a talker or controller

or one or nore |listeners.

1. DAV (DATA VALID) is used to indicate the condition
of (availability and validity) information on the
DI O signal |ines.

2. NRFD (NOT DATA ACCEPTED) is used to indicate the
condition of readi ness of devices to accept data.

3. SRQ (SERVICE REQUEST) is wused by a device to
indicate the need for attention and to request an
interruption of the current sequence of events.

4. REN (REMOTE ENABLE) is used (by a controller) in
conjunction with other nessages to select between
two alternate sources of device programm ng dat a.

5. EQO (END OF INDENTIFY) is wused (by a talker) to
indicate the end of a nultiple byte transfer
sequence or in conjunction with ATN (by a
controller) to execute a polling sequence.
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Figure 5.1: Address/ Tal k/Listen Sel ection

5.2.5 ADDRESS AND TALK/ LI STEN SELECTI ON
Switches nounted on the rear panel enable the GPIB
Address and Tal k/ Li sten status to be set as desired.
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If there is no controller and the 7130A is hooked up to a
printer for hard copy then Talk Only node should be
selected. Also for the GPIB interface to be enabled the
I nterface Enable switch should be in the "ON position.

5.2.6 GPlI B ELECTRI CAL | NTERFACE

The 7130A nmeets the subsets of the GPIB interface
specification |EEE-488.1 shown in Table 5.2. The pin
connections on the GPIB interface connector are shown in
Tabl e 5. 1.

SH1 the 7130A has conpl ete source handshake capabilities.
AH1 t he 7130A has conpl ete acceptor handshake
capabilities.

T5 the 7130A has talker capabilities with a single
primary address in the range 0 to 30. Extended
addressing is not inplenented.

L3 the 7130A supports basic listener with unaddress if
MTA

(My Talk Address) is received. The talk and |listen
addresses wi || al ways be the sane. The 7130A does not
support extended |isten addresses.

SR1 the 7130A has conplete service request generation
capabilities.

RL1 all functions (except POWNER and RESET) on the front
panel of the 7130A can be locked out by the GPIB
controller.

PPO the 7130A has no parallel poll capabilities.

DC1 the 7130A full device clear capabilities.

DT1 the 7130A full device trigger capabilities.

CO the 7130A can never becone the bus controller.

E2 the 7130A has all required electrical interface
capability.
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PIN | NAME ! DESCRI PTI ON

________ o
1 ! DI O1 !l Data | nput CQutput Line 1

________ o
2 ! DI Q2 !l Data | nput CQutput Line 2

________ o
3 ! DI O3 I Data | nput CQutput Line 3

________ o
4 I DI O4 ! Data | nput CQutput Line 4

________ o
5 ' EIO ! End or ldentify

________ o
6 ! DAV ! Data Valid

________ o
7 ! NRFD ! Not Ready for Data

________ o
8 ! NDAC ! Not Data Accepted

________ o
9 ' I FC I Interface Cl ear

________ o
10 ! SRQ I Service Request

________ o
11 ! ATN I Attention

________ o
12 ! SHEILD | Screening on Cable (connected to

! I safety ground

________ o
13 ! DI Ob ! Data | nput Qutput Line 5

________ o
14 ! DI 06 ! Data | nput CQutput Line 6

________ o
15 ! DI O7 !l Data | nput CQutput Line 7

________ o
16 ! DI O8 ! Data | nput CQutput Line 8

________ o
17 ! REN ! Renpt e Enabl e

________ o
18 I GND6 I Gound wire of twisted pair with DAV

________ o
19 I GND7 I Gound wire of twisted pair with NRFD

________ o
20 ! GND8 I Gound wire of twisted pair with NDAC

________ o
21 I GND9 I Gound wire of twisted pair with I FC

________ o
22 ! GND10 | Gound wire of twisted pair with SRQ

________ o
23 ! GND11 | Gound wire of twisted pair with ATN

________ o
24 ! GN\D ! Logi ¢ Ground

Table 5.1: |1EEE-488.1 Pin Designations
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! Sour ce Handshake I SH1 i
T Foo oo -
! Acceptor Handshake I AHL i
T Foo oo -
' Tal ker L5
T T TR Uy Uy Uy Fom e |
! Listener I L3 |
T T TR Uy Uy Uy Fom e |
! Service Request I SR1 |
T T TR Uy Uy Uy Fom e |
! Renpte Local I RL1 |
T T TR Uy Uy Uy Fom e |
! Parallel Poll I PPO
T T TR Uy Uy Uy Fom e |
! Device C ear I DCL |
T T TR Uy Uy Uy Fom e |
! Device Trigger I DTl |
T T TR TRy Uy Fom e |
! Controller Q0 |
T T TR Uy Uy Uy Fom e |
! Electrical Interface | E2 |
T +
Tabl e 5.2: GPI B Devi ce
Capabilities

5.2.7 GPI B

| NPUT BUFFERI NG
The GPIB input buffer is 256 bytes long. The input full
bit is set when the buffer is above 75% full (64 bytes
remai ni ng), hence if the programmer lints nmessages sent
to the 7130A to 32 bytes and checks the IFL bit in the
status register before sending each nessage, then under
normal operating conditions the buffer should never
overflow. If the buffer is full and the progranmmer sends

nore data, the 7130A will perform the necessary

handshaki ng as per usual, but the data will be lost, this

is done for two reasons:

1. if the buffer is full, the system programrer is
pr obabl y in error since the 7130A should never
become full (the 7130A interprets nost conmmands in
under 150 m |l iseconds).

2. the 7130A will never |ock up the GPIB bus.
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5.2.8 GPI B OUTPUT BUFFERI NG
Qut put from query commands are placed into a 256 byte
out put buffer. Wen the controller reads data from the

7130A the responses will cone from the output buffer in,
first in first out order. |If for sone reason the
controller does not read the responses from its query
conmands the output buffer will overflow, in this case
the first data into the buffer will still be valid and
the later data will be lost. When output data is |ost the
query error bit in the status register will be set. Wen

the output buffer is not enpty then the nmessage avail abl e
(MAV) bit will be set in the status register.

5.2.9 GPI B DEADLOCK

If the controller demands a byte of data from the 7130A
and the buffer is enpty and this condition persists for a
period of 8 seconds, the 7130A will place the current
vol tage (see Voltage? command) into the output buffer and
use this data to satisfy the controllers demand for data.
The format of the data is set by the current state of the
Terse/ Verbose flag (see TErse and VErbose commands).

5.3 RS-232C | NTERFACE

The 7130A has an RS-232C interface which can be connected to a
controller or to a sinple printer. The controller (which can
be al nost any conputer with an RS-232C interface) can contro

the 7130A through a variety of commands which allow setting
the instruments operating paraneters, and analyzing the
measurenents made by the 7130A. The sinple printer interface
can be used to log any or all of the measurenents taken by the
7130A during normal operation.

VWhen using the RS-232C port to renotely control the 7130A,
either interactively wth a termnal or under conputer
control, operation is the same as using an | EEE-488 controller
connected to the | EEE-488 port for control, with the foll ow ng
excepti ons:

1. The end of line input termnator is Carriage Return
(0x0D).

2. There is no SRQ capability when wusing serial renpte
control. The status registers still behave as described

in this chapter, but the 7130A serial interface does not
have a way to performthe SRQ function.

3. There is no direct way to perform GPIB hardware interface

functions such as DCL (Device CLear) or SDC (Selected
Devi ce Cl ear).
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Pl N DESI GNATI ONS

RS- 232C -

3.1

+

T
_O_ 1 1 1 1 1 1 1 1
' Bizi5izigigigig3iz!
_e_l_ 1 ] 1 1 1 1 ]
o T
R TR
1 1 1 1 1 1 1 1 _e_
A
1 _d_ 1 _n_ _y_ _m_
1 _n_a_ _e_d_d_d_ 1
1 _u_m_a_s_m_%_m_m_
1 1 O [ 1 1 1 1 1
1 1 _D_m_O_S_R_O_.I_
1 _G_ 1 _T_ 1 _G_r_
_m_s_t_e_ _—m_m_ | |
NS S S U
L 1 D0 = 0 O 0 = 1 @© 1
PO N S O D @ © Sy @©
_n_m_a_%_w_e_t_g_t_
_u_ LI S | 1 1 1 L | 1
_F_C_T_R_R_d_m_s_m_
e AT N S S
" "%"D"DumusuﬁuD"D"
1 1 1 X 1 1 1 1 1 1
1 _C_T_W_R_—O_D_m_m_
e AT N S S
N
e 1 T N D <O O 00
_P_ 1 1 1 1 1 1 1 1
N St L s N R

1
|
+

used or connect ed.

Al l other pins not

o o o o o e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o=

RS- 232C Pi n Desi gnati ons

Tabl e 5. 3:
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The 7130A Digital AC/DC Transfer Standard is a data
in

conmuni cation equipnment (DCE) so TxD is an put (the
data which the modemis to transmt).

5.3.2 RS- 232C RESPONSES

The reply to any RS-232C query command will be a sequence
of  ASCI I characters followed by a Carriage-Return

character (0x0D) and then a Line-Feed character (0x0A).
The Line-Feed character nay also be expressed as 0A; or
10,0 or 125 or control-J. Throughout this document we will
use the "C'" progranm ng | anguage notation for expressing
nunbers in base 16, specifically OxO0A indicates that OA
is to be interepreted in base 16 (hex).

5.4 COVVAND LANGUAGE

The commands for GPIB and RS-232C mainly correspond to the
| abel s assigned to the front panel pushbuttons. Throughout
this document when exanples are given they apply to commands
t hrough the RS-232C interface or through the GPIB interface.
The examples will not show the term nation characters since
these differ for each of the interfaces (See sections 5.2.2
and 5. 3. 2).
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5.4.1 GENERAL SYNTAX FOR COMVANDS

The 7130A uses a sophisticated command parser which can
usually determ ne which conmand was desired, even if the
conmand is entered incorrectly. The conmands Vol tage? and
Volts? wll be considered by the comand parser as
identical, sonme <care should be taken when sending
conmands such as RAnge? and RonChecksum since the parser
may not be able to decide which command was desired in
the event of a gross msspelling (such as using Rance
i nstead of RAnge).

No command used in the 7130A has an enbedded space in its
name, spaces (0x20) are used only to separate command
names from their paraneters, and to separate paraneters
from each ot her.

Throughout this manual sone of the command nanes wl |l
have an UPPER case portion and a |ower case portion. The
conmand may be shortened such that only the portion of
the conmmand nane which was presented in UPPER case
characters is present. The command parser of the 7130A is
case insensitive (ie. the letter case of commands sent to
the 7130A does not matter), both UPPER case letters and
| ower case letters may be used.

5.4.2 GENERAL SYNTAX FOR NUMBERS
Nurmeric parameters nmay have up to 30 characters, and
al t hough the 7130A will accept numeric paraneters in the

range =2.2E-308 through +1.8E308, the wuseful range of
nunmbers is between x1.0E-8 and 1. OE5.

The portion of the command parser which interprets
numeric input will correctly recognize nost conmon forns
of nunmeric input, for exanple the following are all valid
nmet hods of expressing the nunber 123. 4:

123. 4
123. 4e00
0. 1234E3
1234e-1
0000123. 4

The followi ng are exanples of invalid forns of expressing
a nunber:

123. 4 e00 space between manti ssa and exponent |etter
1234D-1 exponent not e or E

nl23. 4 letter in front of the first digit

e34 nm ssing manti ssa
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Multipliers (such a p, m k, and M are not permtted on
conmands, all numbers nust be entered in the base units,
for exanple 100 mV can be expressed as 100e-3 or 0.100.

Expressions (for exanmple 7 + 20 X 3) are not allowed as
par anet ers.

5.5 REMOTE AND LOCAL OPERATI ON

The 7130A can be operated using the front panel keys or it can
be operated remotely using a renote controller. In addition
the 7130A can be placed in a local |ockout condition at any
time by a command from the controller. Wen conbined, the
|l ocal, renote, and |lockout conditions yield four possible
operating states:

5.5.1 LOCAL
The 7130A responds to |local and renmote commands. This is
also called "Front Panel Operation". Only renote

commands that do not affect the state of the 7130A are
all owed to execute. (For exanple the command Voltage? is
all owed to operate but the command Range 1 000.0 which

woul d change the instrunent state is not allowed.) | f
the controller sends a comand which would affect the
instrument state while in local, the command wll be
i gnored, and no error indication will be given.

5.5.2 LOCAL W TH LOCKOUT

Local with lockout is identical to Local except that the
7130A will go into rempte with |ockout instead of the

renmote state when the 7130A receives a renote command.
The local with |ockout state is entered by sending an
| EEE- 488 LLO+REN conmand from the controller, or by
sending the {\tt LOCKOUT} command to the 7130A.

5.5.3 REMOTE

VWhen the Renmote Enable (REN) line is asserted and the
controller addresses the 7130A as a |listener, the 7130A
enters the renpte state. The REMOTE LED on the front
panel of the 7130A will be lit when the 7130A is in the
renote state.

Front panel operation is restricted to the use of the
Power Switch and the LOCAL key. Pressing the LOCAL key or
sending the GIL (Go To Local) interface nessage returns
the 7130A to the |l ocal state.

5.5.4 REMOTE W TH LOCKOUT

The rempte with | ockout state can be entered from renpte
or local wth |lockout, but not directly from |ocal.
Remote with lockout is simlar to the renote state but
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restricted: the LOCAL key will not return to the |oca

state. To return the 7130A to the local wth | ockout
state the controller nust send a GIL interface commuand.

To return the 7130A to the local state the controller
must unassert the REN control |ine.

Table 5.4 summarizes the possible Renote/lLocal state
transitions.

S +
! From ! To ! | EEE- 488 ! RS-232C

! ! I Interface ' Interface]
| | i Command i Command |
b - S TSR R e !
i ! Rerote ! MAL + REN ! REMOTE |
I S TSR R e !
| Local ' Local/ ! LLO ' LOCKOUT |
! ! Lockout | ! !
S S TSR R e !
! Remote ! Local ' GTL or ' LOCKOUT |
| : I LOCAL key | |
I S TSR e e !
i ! Remote/ ! LLO + REN ! LOCKOUT |
! ! Lockout | ! !
S S TSR R e !
' Local/ ! Renote/ ! MA + REN ! REMOTE |
! Lockout | Lockout | ! !
S S TSR R e !
! Rermote/ ! Local ' REN ' LOcAL |
| Lockout 4---------- Fome i - - Foomea o |
! ! Local/ I GIL ! None !
! ! Lockout | ! !
! +

Tabl e 5. 4: Renpt e/ Local State Transitions
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5.6 REMOTE COMMANDS

5.6.1 *ESE - SET EVENT STATUS ENABLE REGQ STER

This command sets the standard event status enable
register bits. Wen the bits in the Event Status Enable
(ESE) register are "ANDed" with the bits in the Event
Status Register (ESR) if the result is non-zero then the
Event Status Bit (ESB) in the Status Byte (STB) register
is set.

The values accepted for the *ESE command are between O
and 255, all other values are considered to be an error.
The default value for The Event Status Enable (ESE)
regi ster at power on is zero (0).
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Figure 5.2: Event Status Bit Operation

88



89



90



5.6.2 ESE? - EVENT STATUS ENABLE QUERY
This command reports the current value of the Event

Status Enable Register. The value returned wll be
bet ween 0 and 255.

5.6.3 *ESR? - EVENT STATUS REGQ STER QUERY

This query allows the programrer to determi ne the current
contents of the event status register. Reading the Event
Status Register clears it.

5.6.4 *1 DN? - | DENTI FCATI ON QUERY

This comand causes the 7130A to reply wth an
identification string. The identification string is
built up of four (4) fields delimted by commas (,). The
first field i's t he manuf act ur er (i.e. Gui l dli ne

| nstruments), the second field is the nodel (i.e. 7130A),
the third field is the serial nunmber (i.e. 55065), and
the final field is the firmvare revision (i.e. A) . A
typi cal response m ght read:

Guildline Instruments, 7130A, 55065, A

The reply string will be shorter than 73 characters.

5.6.5 *OPC - OPERATI ON COWPLETE

This conmmand will cause the 7130A to set the Operation
Complete bit (bit 0) in the Event Status Register. Since
the 7130A processes all conmands sequentially, the
operation conplete bit will be set as soon as the command
is parsed.

5.6.6 *OPC? - OPERATI ON COWPLETE QUERY

This query will place a nuneric 1 in the output buffer

indicating that all pending operations are conplete.
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e S o s e

Bit

OPeration Conplete. This event bit is
generated in response to the *OPC or
*OPC? conmand. It indicates that the
7130A has conpl eted any pendi ng oper -
ations and that the parser is ready
to accept nore program nessages.

! ReQuest Control. This event bit indicates
! to the GPIB controller that the 7130A is
! requesting perm ssion to becone the

! controller in charge. The 7130A wil |

! never set this bit.

QuerY Error. This bit indicates that an
attenpt is being nade to read data from
t he out put queue when no output is either
present or pending, or that data in the
out put queue has been | ost (queue over-
flow). See also GPI B Deadl ock

EXecutive Error. Set when 1l)a program
data elenent is evaluated to be outside
the legal input range or is inconsistent
with the 7310A's capabilities, 2)a valid
program nmessage could not be properly
processed.

! CoMmand Error. Set when |)a syntax error
! has been detected by the parser, 2)a

! semantic error has occurred indicating

! that an unrecogni zed header has been

! received, 3)A G oup Execute Trigger was
! entered into the input buffer inside of
| a program nmessage.

User Request. Set when any key is
depressed on the 7130A keyboard.

Power ON. This bit is set after the
7130A is powered up
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5.6.7 *RST - DEVI CE RESET

This conmmand is intended to return the 7130A to a known
state, specifically a return to terse node. This command
will not affect the follow ng:

1. The out put queue.

2. The state of the | EEE-488 interface.

3. The sel ected address of the 7130A.

4. The *SRE setting.

5. The *ESE setting.

6. Calibration data that affects device specifications.
The *RST command will performthe foll owi ng acti ons:

1. Aut or angi ng nmode will be sel ected.

2. The Vol tage display node will be sel ected.

3. The Volts display node will be sel ected.

4. The 7130A will be placed in standby node.

*RST is a MANDATORY | EEE- 488. 2 command.

The *RST command shall performthe follow ng:

1. Set the device dependant functions to a known state
that is independant of the past-use history of the
devi ce. Device dependant commands nmay be provided
to a different reset state than the original factory
suppl i ed one.

2. Set GET of *TRG macro defined by *DDT to a
"do- not hi ng" state.

For those devices not inplenenting the *DDT command, the
*RST shall set the GET or *TRG to the default as
specified by the manufacturer.

3. Reset *EMC setting to zero and di sabl e macros.

4. Cl ear pendi ng operations.
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The *RST command explicitly shall not affect the
fol | owi ng:

1. The out put queue.

The state of the | EEE-488 interface.

The sel ected | EEE-488.1 address of the device.
The *SRE setting.

The *ESE setting.

The *PSC setting.

Macros defined with the *DMC command.

® N o g & Db

Cali brati on data which affects device
speci fications.

9. The *PUD? response.
10. The *RDT? response.

5.6.8 *SRE - SERVI CE REQUEST ENABLE COMMAND
The service request enable command allows the 7130A to
generate a service request on the GPIB interface under a

limted set of conditions. The limtations on the
conditions are defined by the numeric paraneter follow ng
the *SRE command. The nuneric parameter is a decinma
integer in the range 0 255. The nuneric paraneter when
expressed in base 2 (binary) represents the bit val ues of
the Service Request Enable Register. For all  Dbits

(except bit 6) a bit value of one (1) indicates an
enabl ed condition and a bit value of zero (0) represents
a disabled condition. *SRE? is the conpanion query
command.

5.6.9 *SRE? - SERVI CE REQUEST ENABLE QUERY

This command allows a programmer to determ ne the current
contents of the Service Request Enable Register. A
deci mal nunmber between 0 and 63 or between 128 and 191
wi Il be returned.
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5.6.10 *STB? - READ STATUS BYTE QUERY
This command allows the progranmer to read the status
byte and master sunmary bits (shown in Figure 5.6.).

The response from this conmand is a decimal integer in
t he range O0-255. This decinmal integer when expressed in
base 2 (binary) represents the bit values in the Status
Byt e Regi ster. Note that the Master Sunmary Status bit
and Not RSQ is reported in bit 6.

The Status Byte Register can also be read with the Read
Serial Poll hardware conmand on the GPIB interface.

This Register can be read by Serial Poll or by the *STB?
command.
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| LOCATI ON |
I
S
10! LSB ! OWR
I
| : 1 |
| | 1 |
P Fommmma o
|
L ' RDY
I
| : | |
| | | |
|
| | |
| | | |
| : 1 |
| | 1 |
P Fommmma o
|
2! | CHK
I
| : | 1
| | | 1
| : | |
| | | |
| : 1 |
| | 1 |
| : | |
| | | |
P Fommmma o
|
3 | IFL
| : |
|I |
|I | |
| | | |
P Fommmma o
|
L4 VAV
I
| : | |
| | | |
P Fommmma o
|
5 ' ESB
I
| : |
|I |
|I | |
| | | |
P Fommmma o
|
| 6 ! | RQS

DESCRI PTI ON

! OveRload. WII always be cleared to

! zero when unit returns to standby.

! ReaDY. Set when the unit has a stable

! reading and cleared with radical

! change in input. Its sense is

! opposite to busy LED on front panel

! CHecKsum conput ati on conplete. This
! bit is set once, after instrunment
I power on and the conpletion of the

! conmputation of the ROM checksum is

! cleared by the RomChecksunf? command.

' Input FuLl. This bit is set when the

i nput queue is over 75% full and cl eared

I when the queue drops bel ow 25% ful |

Message AVailable. This bit is set when
t he output queue is not enpty.

Event Summary Bit. This bit is set when
the result of a bitwi se AND of the Event
| Status Enable register is not zero.
! ReQuest for Service. This bit is set

! when the result of a bit-wi se AND of

I tB6 Status Byte Register and the

I Service Request Enable register is

| | At —Ar A
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5.6.11 *TRG - GROUP EXECUTE TRI GGER

This command perforns the same action as a group execute
trigger on the GPIB interface. Since the 7130A is not
capable of starting any action on command, this conmmand
will set the execution error bit in the event status
register (bit 4).

5.6.12 *TST? - QUERY RESULTS OF SELF TEST
This command is intended to report the status of any
self-tests performed by the 7130A. If the 7130A passes

all of its self-tests then the reply will be:
0
If any failures are detected then the result will be an

i nteger nunber (between -32768 and 32767) indicating
whi ch test failed.

5.6.13 DI SPLAY - SET THE CURRENT DI SPLAY MODE
This conmmand allows a system programrer to set the
di spl ay node. For exanple the command:

Dl splay O
will select the voltage display node (see section 3.3.5).

The other display nmodes can be selected by wusing a
nunmeric paraneter as selected from Table 5.7.

T +
! Numeri c ! Di spl ay !

! Par anet er | Mode !

|l L Ll CC oo - - o e e e e e e e e e e = 1

i 0 ! Vol ts i

] I 1

| ] ]

l 1 : _V l

l : l

: 2 : ppm :
T +

Table 5.7: Dl splay Command Nuneric
Par anmet er

If the nuneric parameter to the command is mssing or
unrecogni zable the CME (CoMmand Error) bit in the Event

Status Register will be set. [If the nuneric value is out
of range (i.e. not 0, 1, or 2) then the EXE (EXecution
Error) error bit will be set for a program data el ement

out of range error.
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5.6.14 Di spl ay? - QUERY THE CURRENT DI SPLAY MODE
This query command displays the value of the currently

sel ected display node. In verbose node the reply wll
be:

Dl splay O
or in terse node the reply will be:

0

where the value 0 is dependant upon the current display
node sel ect ed. The display npdes are turned into a
numeric reply as shown in Table 5.6.7.

5.6.15 Extdc - SET EXTERNAL DC REFERENCE MODE

The Extdc command will turn the External DC Reference
| nput on or off depending upon the value of the paraneter
to the conmand. For exanple the command:

Extdc 1
will set the External DC Reference Input as the

instrunents reference input (disabling the internal DC
reference), and the command:

Extdc O
wil | cause the 7130A to wuse its own internal DC
ref erence. The allowable values for the nuneric

parameters are shown in Table 5. 8.

T +
! Nuneric !  DC Reference |
i Par aneter | Sour ce i
____________ o e e e e e e e e - -
i 0 ! | nt er nal i
SRS i !
1 ! Ext er nal !
T +
Tabl e 5. 8: Ext dc Command Numeri c

Par anet er s

If the nuneric parameter to the command is mssing or
unrecogni zable the CME (CoMmand Error) bit in the Event

Status Register will be set. [If the nuneric value is out
of range (i.e. not 0 or 1) then the EXE (EXecution Error)
will be set for a program data elenent out of range
error.
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5.6.16 Extdc? - QUERY EXTERNAL DC | NPUT STATUS
This query command displays the value of the currently

sel ected DC reference. In verbose node the reply wll
be:

Extdc O
or in terse node the reply will be:

0

where the value 0 is dependant upon the current DC
reference selected. The allowable values for the nunmeric
response are shown in Table 5. 8.

5.6.17 FlIlter - SELECT DI Gl TAL FILTER

The Fllter comand wll turn the filter on or off
dependi ng upon the value of the paraneter to the command.
For exanpl e the command:

Fllter 10

will turn the filter ON with a filter factor of 10, and
t he command:

Fllter O

will turn the filter OFF. The nunmeric paraneter can be
bet ween 3 and 20.

If the nuneric parameter to the command is mssing or
unrecogni zable the CVME (CoMmand Error) bit in the Event

Status Register will be set. [If the nuneric value is out
of range (i.e. not 0 or 3-20) then the EXE (EXecution
Error) error bit will be set for a program data el ement

out of range error.

5.6.18 Fllter? - DI SPLAY FI LTER STATUS
This query command displays the value of the currently
selected filter. |In verbose node the reply will be:

Fllter O

if the filter is disabled or in terse node the reply wll
be:

0
where the value 10 1is dependant wupon the current
filtering selected. If the filter is turned on the
numeric reply will be between 3 and 20 otherwi se, if the
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filter is turned off the numeric reply will be O.
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5.6.19 Frequency? - DI SPLAY CURRENT | NPUT FREQUENCY
The Frequency? conmand causes the output of the npst

recent voltage neasurenent. In verbose node the response
will be:
1002 Hertz
and in the terse node the response will be:
1002
where the nunmber wll <change to reflect the actual

nmeasured frequency. The nunmber of significant digits
reported is always 4. If the input is a DC voltage the
frequency reported will be either +DC or -DC depending
upon the polarity of the input.

5.6.20 Key? - REPORT LAST KEY PRESSED

This query command will report the value of the key nost
recently pressed on the keyboard. The key command will
al ways report the letter "K' when in CAL node. In terse
node the response will be one of:

o, 1, 2, 3, 4, 5, 6, 7, 8 9, S X U D E B A
¢ O L R K ?

where ? indicates that no keys have been pressed since
the 7130A was | ast RESET. The verbose node reply will be
preceeded with "KEY". The neanings of the various key
characters are shown in Table 5.9.

5.6.21 Key <keyname> - ENTER A KEYSTROKE

The Key command causes the 7130A to perform actions
simlar to the actions performed when a front panel Kkey
is pressed. Allowable values for <keynane> are:

0, 1, 2, 38, 4, 5, 6, 7, 8 9, 5 X U D E B A
C O L R K

where each of these is a single ASCII character
Mul ti pl e <keynames> nmay be placed on the key command |ine
and they will be processed in the order given.
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! Character Key Name ! 1 Character Key Nanme !
I o e e e o e e e e e e e e e e e e e e 1 I o o e e e e o e o o e e e e e e e e e 1
i 0-9 numeric digits i i X AUTO i
o e e e e e e e e e e e e e e e e e e e e e e a - 1 o e e e e e e e e e e e e e e e e e e e e e - 1
! 0 LOCAL . U DECI MAL i
S ! s
| 1 GPI B b U - UP |
S ! S !
| 2 RS232 b D + |
S ! S !
| 3 VOLTS b D ?DOVN |
S ! S !
! 4 vV bt E ENTER i
T ! S !
| 5 ppm b B STANDBY |
o ! S !
| 6 FI LTER b A DC EXT |
S ! S !
| 7 45 b C RECORDER |
S ! S !
| 8 5% b O REC O P |
S ! S !
| 9 62 b L REC CAL |
S ! S !
| S SOFT CAL b R RESET |
o e e e e e e e e e e e e e e e e e e e e e - 1 o e e e e e e e e e e e e e e e e e e e e e - 1
! N RANGE . K CAL i
S ! S !
| X DELETE b |
T + T

Table 5.9: Keyboard Character Designations

5.6.22 LOCAL - ENABLE THE LOCAL STATE

This command will place the 7130A into the local state

This command duplicates the |EEE-488 GIL (Go To Local)

message. Normally this command is only sent from a RS-
232C controller, if this conmnd is received from a
| EEE- 488 controller it will be ignored.

There are no paranmeters for the LOCAL comand. For
exanpl e the command:
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LOCAL

will enter the |ocal state (See section 5.5).
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5.6.23 LOCKOUT - ENABLE THE LOCAL/ LOCKOUT STATE

This command will place the 7130A into the |ocal | ockout
state. This conmand duplicates the |EEE-488 LLO (Local
Lock Qut) nessage. Normally this comand is only sent

from a RS-232C controller, if this command is received
froman | EEE-488 controller it will be ignored.
There are no paraneters for the LOCKOUT comrand. For
exanpl e the conmand:

LOCKOUT
will enter the | ockout state (See section 5.5).

5.6.24 MEasure - BEG N MEASUREMENTS
This command will take the 7130A out of Standby node (see
section 5.6.35) and commence neasurenents.

5.6.25 RAnge - SELECT MEASUREMENT RANGE
This command changes the currently selected measurenent
range. For exanple the command:

RAnge 30.0

will select the 30 volt range of neasurement where the
val ue 30 i s dependant upon the range desired.

Al nrost any val ue can be specified, however the instrunment

only has a limted set of available ranges (1 volt, 3
vol ts, and 10 volts etc.), therefore the closest
avai l able range will be selected. After a range has been
sel ected the autoranging feature will be disabl ed.

In order to enable the autoranging function enter the
command:
RAnge 0.0

After a Range command has been executed care should be
taken to ensure that the range desired is actually
sel ect ed.

If the nuneric parameter to the command is mssing or
unrecogni zable the CME (CoMmand Error) bit in the Event

Status Register will be set. [If the nuneric value is out
of range (i.e. greater than 1200 V) then the EXE
(EXecution Error) error will be set for a program data

el ement out of range error.
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5.6.26 RAnge? - DI SPLAY CURRENTLY SELECTED RANGE
This query conmand displays the value of the currently
sel ected range. In verbose node the reply will be:

RAnge 30.0 Volts

or in terse node the reply will be:

30.0
where the value 30.0 is dependant upon the current range
selected. If the instrunment is in standby the response
terse will be 0.0.

5.6.27 REf erence - SELECT REFERENCE VOLTAGE
This command changes the currently selected reference
voltage in the _V and ppm nodes. For exanple the command:

REf erence 27.5002
will select a reference voltage of 27.5002 volts.

Al nrost any value can be specified, however the range of
valid values is between 30% and 120% of full scale and
must be within 0.1% of the current displayed reading or
overrange will be displayed.

If the nuneric parameter to the command is mssing or
unrecogni zable the CME (CoMmand Error) bit in the Event
Status Register will be set. [If the nuneric value is out
of range (i.e. greater than 120% of full scale or |ess
than 3% of full scale) then the EXE (EXecution Error)
error will be set for a program data el enent out of range
error.

5.6.28 REf er ence? - QUERY REFERENCE VOLTAGE
This command reports the currently selected reference
voltage. |In terse node a typical reply m ght be:
27.5002
and in verbose node a typical reply m ght be:
27.5002 Volts

Al nrost any value can be specified, however the range of
valid values will be between 30% and 120% of full scale.
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5.6.29 REMOTE - ENABLE THE REMOTE STATE

This command will place the 7130A into the renpte state.
This conmand duplicates the |EEE-488 REN (Renpbte ENabl e)
nmessage. Normally this command is only sent from a
RS- 232C controller, if this commnd is received from a
| EEE- 488 controller it will be ignored.

There are no paraneters for the REMOTE command. For
exanpl e the conmand:

REMOTE
will enter the renpote state (See section 5.5).

5.6.30 Seri al Number - SET SERI AL NUMBER

This command accepts an integer in the range -200 000 to
+200 000, this nunber wll be reported in the serial
number field of the *I DN? command.
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5.6.31 SOFCAL - SET CALI BRATI ON COEFFI Cl ENTS
The SOFCAL command allows the programmer to change the
i nstrument calibration.

WARNI NG
Great care should be taken when using this command since

the 7130A cannot check that the values of the paraneters
are correct.

Read the frequency conpensation coefficients by entering
t he command:

SOFCAL FREQUENCY? Ni, Np

where N; represents the range and N, represents the
frequency as given in the follow ng tables.

N; Range N> Frequency
0 1000 V 0 - DCoif set
1 300 V 1 - ain
2 100 V 2 Cof f set
3 30 V 3 +DCof f set
4 10 V 4 +DCyain
5 3V 5 10 Hz
6 1V 6 20 Hz
7 300 mv 7 60 Hz
8 100 nmv 8 100 Hz
9 30 nv 9 1 kHz
10 10 nv 10 3 kHz
11 3 nv 11 6 kHz
12 nul | 12 10 kHz
13 20 kHz
14 30 kHz
15 60 kHz
16 100 kHz
17 200 kHz
18 400 kHz
19 600 kHz
20 800 kHz
21 1 WHz

As an exanpl e SOFCAL FREQUENCY? 5,10 would give you the 3
kHz coefficient on the 3 V range.
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Simlarly you can set frequency coefficients (in the CAL
MODE of operating) by the command:

SOFCAL FREQUENCY Ni, Nz, N3

where (1) N, stands for the range
(2) N, stands for the frequency
(3) N; is the desired coefficient

As an exanpl e SOFCAL FREQUENCY 5,10,-61 would set the 3
kHz coefficient on the 3 V range to -61.

The conmmands:

SOFCAL DAC Ni, Np, Ns
and

SOFCAL DAC?

are used for witing and reading the DAGCysset (N1), gain
(N2) and linearity (N;) coefficients.

The conmmands:

SOFCAL REFERENCE N
and

SOFCAL REFERENCE?

are used for witing and reading the coefficient (N) for
the internal reference.

5.6.32 SOFCAL? - REVI EW CALI BRATI ON COEFFI Cl ENTS
The SOFCAL command allows the programmer to review the
current values stored for instrunent calibration.

Normally this conmand is to review the calibration val ues
whi ch are used when a range is sel ected.
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5.6.33 STandby - ENABLE STANDBY MODE

This command allows the system programrer to place the
7130A into standby node. The 7130A can be placed into
measurenent node with the Measure command (see section
5.6.25).

For exanpl e the command:
STandby

will place the 7130A into standby nopde, effectively
di sconnecting the input connection from the neasurenment
circuitry.

5.6.34 STandby? - QUERY STANDBY MODE STATUS
This command allows the system progranmer to determne if

the instrunment is in standby node or neasure npde (see
sections 5.6.34 and 5. 6. 25).

The terse reply will be:
0

and the verbose reply will be:
0O Measure

or
1 Standby

where the values displayed are dependant upon the actua
i nstrument nmode. The value 1 indicates the instrument is
in standby node, and the value O indicates the instrunent
i n measure node.

5.6.35 TErse - DI SABLE VERBOSE MODE
This is the default node for the 7130A after reset.
Typically query comands wll return very little
extraneous information in terse node.
For exanpl e the command:

TEr se

will place the 7130A into terse node.
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5.6. 36 VEr bose - SET VERBOSE MODE

The VErbose conmand causes the output of all subsequent
commands to contain additional information. Thi s node
shoul d be used for determ ning problens with prograns and
when the instrunent is being used interactively.

For exanpl e the command:

VEr bose
will place the 7130A into verbose node.
5.6.37 Vol t age? - DI SPLAY CURRENT | NPUT VOLTAGE
The Vol tage? command causes the output of the nopbst recent
vol tage neasurenent. In verbose node the response wll
be:

1. 000 013 Volts

and in the terse node the response will be:
1.000 013

where the nunmber wll <change to reflect the actual
nmeasured voltage. The voltage displayed wll be the
filtered voltage if the FILTER is enabl ed.

5.7 PROGRAMM NG HI NTS

In general, a sinple way to get this instrument to select a

vol tage range, or to program a calibration coefficient, is to
use the KEY conmand (see section 5.6.22) sending the sane
keystrokes that would be used from the front panel. This

technique allows the system programer to easily try out the
conmand sequences from the front panel before coding the
necessary controller routines.
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6 CALIBRATION
6.1 CALI BRATI ON

The calibration should be perfornmed once a year or whenever
the Analogue Mdule has been altered. The follow ng
cali bration procedure provides the highest |evel of accuracy
by directly transferring traceability through a thernal
converter set - calibrated to National Standards - to the
nodel 7130A. See Figure 6.1 for the recommended calibration
setup for the "volts" ranges and Figure 6.2 for the

recommended cal i bration setup for the "mllivolts" ranges.
OWTHERMA
POONNEC TR
Figure 6. 1: Cal i bration System Configuration - 7130A Volt
Ranges
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Figure 6.2: Calibration System Configuration - 7130A nmV Ranges

6.2 OVERVI EW

Measurenments are made using a set of AC/ DC standard therm
converters over the bandwidth of 10 Hz to 1 MHz and the range
of 2 mv to 1000 V. A nultifunction calibrator having a DC
absol ute accuracy of at |least 6 ppmand a short term DC and AC
stability better than 5 ppnihr is recomrended for the voltage
sour ce.

For both the "volt" and "nV' calibration setups, a GR874 tee
is used as the junction between the thermal converter, 7130A,
and the output of the nmultifunction calibrator. Four-wire
sensing is to the input of the tee during calibration of the
"volt" ranges. The neasurenent of the output of the thernal
converter is acconplished with either a Guildline 4880 or
4880A nanovol tmeter used as a null neter.
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Al l

cabling is kept to a mnimum length and guarding

t echni ques are enpl oyed.

6.3

6.2.1 ADDI TI ONAL SETUP | NFORMATI ON

This calibration should be done in an environmentally
controlled ||aboratory and sound netrology techniques
enpl oyed, as foll ows:

. One AC ground in the system

. Thermal converter shielded fromair currents

. Short cabling

. Proper shielding of cables, and guarding

. Connectors fromthe tee to the 7130A and the thernal
converter protected fromair currents.

. 1 to 2 hours warm up time for all instruments, or
until stabilization is reached.

6.2.2 LOW VOLTAGE TESTI NG

Put a shorting bar, supplied with the 7130A accessory

kit, across the high voltage input termnals when

attempting to calibrate the |ow voltage input connector

of the 7130A. Remember to renove this |[|ink when

calibrating the high voltage ranges. To calibrate the

7130A unit under test on its "volt" ranges (i.e. all |ow

voltages greater than 100 nV), the AC-DC differences of
the calibrator output (at the frequencies and vol tages of
interest) at the input to the tee connector are conputed
using the primary thernal converter and di gi tal
voltnmeter. The readings of the unit under test are also
noted with its NORMAL/ CAL key set to the CAL position.

To calibrate the unit under test on its "nV' ranges (i.e.
all low voltages |less than or equal to 100 nV), the AC-DC
differences of the attenuated calibrator output at the
input to the tee connector is conputed using the primry
thermal converter, digital voltmeter and nanovoltneter.
The nanovoltnmeter is used to set the DC | evels at nom nal
full scale to optimse the unit's frequency response and
at 40% of nomnal fullscale to optimse for linearity.
For example, on the 10 nV range, wusing the X 0.01
attenuator, the calibrator DC output is adjusted at 1 V
and 400 mVv so that the nanovoltneter reads 10.00000 nVv
and 4.00000 mV respectively. The readings of the wunit
under test are also noted with it's NORVAL/ CAL key switch
set to the CAL position.

7130A CALI BRATI ON FORMULAE

This section details the calculations to be performed when
calibrating the 7130A unit under test. For each range and
associ ated points of interest, a coefficient is calculated and
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entered into the non-volatile nenmory of the unit under test.
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6.3.1 LI NEARI TY COEFFI CI ENT FOR AC, DC+ and DC-
The following calculations are used to calculate the
coefficients entered into nmenory as:

+DCgaina ‘DCgainy +DCoffseta ‘DCoffseh 1 kHz ga| n and ACoffset-
| f:

Dhom = di spl ayed value on wunit under test when
100% nom nal input is applied at 1 kHz, DC+
and DC-

Dy = di spl ayed value on unit under test when 40%
nomnal input is applied at 1 kHz, DC+ and
DC-

FShom = full scale nom nal value of the 7130A range

under test.
(i.e. FSiom = 100% full scale = 30.00000 V
on the 30 V range).

Then :

é4X Dom- 10X

Cottons = D Do ;(ppm)

g

and :
€ BXFSum u s
Coain= - 1;x10°(ppm)
’ glox( Dnom' D40) ld

6.3.2 FREQUENCY COMPENSATI ON COEFFI CI ENT (FCC(ppm) )

To cal cul ate the frequency conpensation coefficients used
by the 7130A the following definitions and fornulae

apply.
Let

Vigas = AC input voltage as neasured by the primary
t he rnal converter (PTC)
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Vi s

Vm+

Vo

Vi

PTCac oc

FCG

ACof fset

Then :

and for

Vmeas_
&octVoe. 10

AC i nput voltage nmeasured by the 7130A unit
under test with the NORMAL/ CAL key switch
in the CAL position.

reading of the voltneter connected to the
PTC at a calibrator setting of DC+ volts
(nom nal full scale positive).

reading of the voltneter connected to the
PTC at a calibrator setting of DC volts
(nom nal full scale negative).

reading of the voltneter connected to the
PTC at a calibrator frequency setting of f
Hz (nom nal full scale).

primary thermal converter AC-DC difference
in ppm at the calibration point of
i nterest.

frequency conpensation coefficient for the
7130A unit under test at the test frequency
f Hz.

of fset of the 7130A as neasured at a test
frequency of 1 kHz.

€& 2XV; + PTCABC'DCHXDC'F
u

frequency f Hz (where f is not equal to 1 kHz)

N
FCCr= o™ 15X 10° - ACaen
eVdas U

See section 4.7.1 Sofcal Setup Freq Conp detailing the
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procedure to enter the derived calibration coefficients
into the 7130A non-volatile nenory.
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7 THEORY OF OPERATION
7.1 SYSTEM OPERATI ON

System operation is described in section 1.5.
| ndi vidual circuit and subsystem operation is described bel ow

Figure 7.1 is a functional block diagram of the 7130A. The
7130A can be partitioned into an anal ogue nodul e and a digital
nodul e. The latter contains the controlling processor, display
and the RS-232C and GPIB bus controllers. The former consists
of the analogue circuits and associated data conversion and
interfacing functions.

On power up the instrument runs a self test program and then
reverts to the STANDBY node with no input applied.

Wth the application of an input voltage and the selection of
the VOLTS node, depressing STANDBY causes the unit to go into
its input acquisition node.

In this nmode the input sensed by the UNDER/ OVER RANGE DETECT
circuits causes the mcroprocessor to select the highest range
(1000 V) and then "down range" until the output of the RMS-DC
Converter is within range of the 12 Bit A/ D The out put of
the latter is then fed to the mcroprocessor via the OP
BUFFER REG STER.

The mcroprocessor now selects a DC reference voltage
approximately equal to the sensed rns input. The appropriate
word is fed to the DAC via the |I/P BUFFER REG STER

In the next cycle this reference voltage is applied to heater
Hl via the DC ATTENUATOR and t he PROGRAMVABLE GAI N AMPLI FI ER.

The m croprocessor now configures the instrument to perform
the four cycle nmeasurenent described in section 1.4. to
calculate _V. For the first neasurenment of _V the DMITC error
voltage is fed to the A/D at approximately 1/10 of its final

gain, to ensure that A/D range is not exceeded. |In subsequent

cal culations of _V, error voltage gain is increased to its
final "Hi gh Sensitivity" val ue.

Thus after input acquisition the unknown rnms signal is applied
to HL and the proportional DC applied to H2, the servo circuit
adds or subtracts the negative feedback fromthe DC applied to
H2 to maintain the output of the DMITC very close to zero. The
negati ve feedback to maintain the null is scaled and fed to
the A/D converter input. The output from the A/D converter
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goes to the m croprocessor. The m croprocessor waits for four
conplete readings and calculates _V as per Equation (1) of
section 1.4. The setting of the DC source is conbined with _V
and the mcroprocessor refreshes the variable DC supply with
this val ue. This DC value is displayed as a neasured rns
volts. The display is updated every 2 cycles after the first
sequence of four measurenents if the instrument is in 2 cycle
update node. It updates every 4 cycles if the instrument is in
4 cycl e update node.

The update rates are shown in Table 4. 2.
VWhen measuring a DC input the DC reference polarity is not
reversed. It is however set to nmaintain the same polarity at
H1 of the thermal converter as the input.

This conmpensates for any drift in the PROGRAMVABLE GAIN
AMPLI FI ER and thermal converter error channel.

System operati on as descri bed above, both for AC as well as DC
i nputs, conpensates for

. Thermal converter reversal errors, square |aw non-
conformance and nulling errors (or Hl/H2 tracking)

. Amplifier drift and non-linearity
Addi ti onal conpensation for frequency response of anplifier
and thermal converter, gain and offset errors in the
at t enuat or, anmplifier and DC reference circuit, are
conpensated by software conpensati on constants. (See section
4.7.)
The UNDER/ OVER RANGE detector circuit generates the OJL
(overload signal) when it sees a 350% of full scale over
voltage at the input. This causes the mcroprocessor to go
into the OVERLOAD node. In this node it tries to reset the
overload flip-flop of the above circuit and indicates overl oad
on the display until the overload is renoved. As this circuit
will only see the overload when the input is being sanpled its

response tine is slow

Additional protection is therefore provided by the use of
surge voltage protectors (SVPs) to provide an instantaneous
crowbar protection of the attenuator, when the input voltage
is suddenly increased by a magnitude greater than the above.

The 7130A also provides for the application (by the user) of
an External DC Reference, as shown in the Block Diagram Here
the INT/EXT Multiplexer is operated by the mcroprocessor to
substitute the External DC in place of the internal reference
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di ode supply (INT REF) that drives the DAC Reference ( See
section 7.2.1.4)
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Figure 7.1: 7130A Bl ock Di agram
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7.

Cl RCUI T DESCRI PTI ONS

7.2.1 ANALOGUE MODULE

The sensitive Anal ogue Module circuity is contained in a
fully shielded enclosure that has no permanent el ectrical
connection to the main chassis of the unit.

In addition the only signal connections to the digital
nmodule or Card File are provided by four fibre-optic
links as shown in Figure 7.1. This permts conplete
isolation from the digital nmodule as well as providing
maxi mum protection from spurious radiated signals.

The shield of the analogue nodule is connected to the
front and rear panel GUARD terni nals. This permts
versatility 1in measurenent configurations. (i.e. when
measuring a source that has one end referenced to AC
ground, GUARD and LO termnals only strapped together to
ensure a single AC ground connection). If the source is
effectively isolated from ground, LO GUARD and GROUND
term nals are strapped together.

Front and rear panels are also isolated fromthe anal ogue
nodul e. Controls and termnals are brought out through
clearance holes in the front and rear panel to inplenment
this feature.

An N Type connector is used as the input connection for
"l ow voltage" inputs up to 120 V. Excel |l ent high
frequency characteristic plus low |leakage led to its
choi ce.

HV standoffs are used for the higher voltage inputs to
accommodat e peak voltage rating at the nmaxi mum input of
1200 Vrns.

7.2.1.1 CIRCU T BOARDS
The Anal ogue Module circuitry is contained in three
printed circuit boards (pcbs). These are |listed
bel ow:

. Amplifier/ Attenuator pchb.

. Dat a Conversion pch.

. Anal ogue I nterface pch.
Partitioning of circuits is as follows:

The input AC/ DC attenuator, range and reference
selection plus front/rear panel selection relays
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together with the programmable gain anplifier of
Figure 7.1 are contained in the Anplifier/Attenuator
pchb. The 1/P and OP buffer registers, range
function selection and relay drivers together wth
fibre optic drivers, receivers and associated
circuitry are contained in the Analogue Interface
pchb. These circuits can be <considered as the
digital interfacing circuits of the anal ogue nodul e.

All remaining circuits are contained on the Data
Conver si on pch.

The thermal converter is hardwired to both the Data
Conversion pcb and the Anplifier/Attenuator pcb to
form one assenbly prior to being integrated with the
rest of the nodul e.

In order to mnimze IR volt drops to a very |ow
| evel it has been found necessary to use extra heavy
wire (#8 AW5 for connections carrying heater
currents H1 and H2 of the thermal converter and the
supply currents of the anplifier to the star ground
poi nt | ocated on the Data Conversion pchb.

7.2.1.2 AMPLI FI ER/ ATTENUATOR pchb
Figure 7.2 is a sinplified schematic of the
Amplifier/ Attenuator pchb.

The configuration is that of a current to voltage
converter with a 3 dB bandw dth of approximtely 20
VHz .

| nput current on all ranges is 1 mA at nom nal full
scal e input. The exceptions are the 0.3 V, 30 nV and
3 nV ranges where 0.3 mA is nomnal full scale. The
i nput attenuator forns an "L" attenuator at any
range with the selected range resistor formng the
series elenment and all other range resistors in
parallel form ng the parallel conponent.

This configuration results in a constant attenuator
out put i npedance for all ranges seen at the
anplifier summ ng junction.

For the 100 nV ranges and below, a |ow noise, high
i nput inmpedance anmplifier is switched in. The
anplified signal is fed into the 1 volt or 300 nv
range. The gain is 10 for the 100 nV and 30 nmv
ranges, and 100 for the 10 mVv and 3 nV ranges.
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The groundi ng of unused inputs renoves the effect of
parallelled conplex |eakage inmpedances produced by
the unused range resistors together with the open
contact capacitance and conductance of unselected
range rel ays.

The wi deband anplifier converts the 1 mA nom nal
full scale input current into a 2 V noni nal output
voltage for all ranges except the 0.3 V, 30 nV and 3
mvV ranges. Here the feedback network is nodified
with a T-network to increase its gain by a factor of
3.333, thus delivering the standard 2 Vrnms to the
t hermal converter | oad.

The selection of the internal DC Reference voltage
would normally result in a reduced input current as

the attenuator output is no longer seeing the
virtual ground of the summng junction of the
anplifier. This would introduce a square wave i nput
current conponent whi ch woul d result in a
di sturbance of the source being neasured. The
addition of the ATTENUATOR FET (Ql) ensures a
constant current input at all times. The F GATE
signal is tinmed to turn on the FET prior to the

switchover to REF and to hold it on after the switch
|l ock to NORM node when the input is reconnected.

The DC REF input is fed through an attenuator that
presents t he sane out put i npedance as t he
attenuator, while nmaintaing the full scale input
current of 1 mA (nomnal), for ranges 3 1 volt and
0.3 mMA for the 0.3 range.

| ndi vi dual range resistors are used for all ranges
in the input attenuator except for the 1 V and 0.3 V
ranges. For the latter two ranges a 1.5 kO resistor
is switched in parallel with the 3 kO resistor of
the 3 V range. This provides the required 1 mA/volt
i nput i npedance required for these ranges. This is
done to maintain a reasonably high range resistance
value thus mnimzing the effect of range relay
contact resistance variations.

All  range selection relays are low thermal enf
| atching type. The wuse of Jlatching allows for
reduced coil current consunption. The enploynent of
mercury contacts in input relays K4 thru K8 and K10,
K11 mnimze contact resistance and provide maxi mum
stability for this paraneter.

In addition all range relays except the 300 V and 1
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KV units are equipped with electrostatic shields to
mnimze any noise, coupling from the relays
supplies, that may be present.

Extensive guarding of tracks is provided at the
anplifier sunming junction to mnimze noi se
coupling and also spurious input coupling to the
sunm ng juncti on.

The latter effect is greatly mninzed by grounding
all unused inputs.

NOTE: To illustrate the effect of input
coupling, a |eakage conductance equival ent
to 10 O constitutes a 10 ppmgain error on
the 1 kV range.

eerae

Figure 7.2: Amplifier/ Attenuator

Vacuum surge suppressors are provided for the
protection of range resistors to nonmentary excessive
voltages which are too fast for the automatic
switchover provided by the processor to higher
ranges.

The wi deband anplifier U1, U2 and associated
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conponents enploys a transi npedance, 2000 V/pus slew
rate operational anmplifier (AD844) followed by a
fast buffer (EL2003) to drive the 100 O inpedance of
H1 heater of the thermal converter. The output is
also fed out via a 10 O resistor for the rns DC
converter channel on the Data Conversion pchb.

7.2.1.3 ANALOGUE | NTERFACE pcb
Refer to the attached functional block diagram
Figure 7.3, and the Tim ng Chart, Figure 7.4.

The Analogue Interface pcb fornms the digital
interface bet ween the m croprocessor and the
Anal ogue Module. Its operation is controlled by the

m Cr opr ocessor.

The AMal ogue Interface pcb also accepts the inputs
from the front and rear panels and switches them
into the anplifier/attenuator pchb.

The clock burst received from the mcroprocessor on
the CLOCK channel 1is wused by the Timng Logic
circuit to control the input register (U4, U5, U9,

Ui0, Ul7) which converts the serial data stream
received fromthe m croprocessor into a |atched data
word. The latter is fed out to the DAC (on the Data
Conversion Board) at the termnation of the data
stream

The Tim ng/Control Logic circuit also controls the
A/ D converter on the Data Conversion Board. The A/D
output from the Data Conversion Board is |atched
into the OUTPUT REG STER at the start of the clock
burst. The output of this register is fed out as a
serial pulse stream coincidentally with the incom ng
data stream (Refer to Timng Chart.) Four data
bits from the INPUT REG STER are decoded in Ul8 to
generate the range relay control signals that feed

the RELAY DRI VERS circuit. The latter, drive the
relays of the Anmplifier/Attenuator board both
| atching and non-latching units. Lat chi ng pul ses

are generated in the TIMNG CONTROL LOG C function
circuits. UR, OR and OL (Under range, Over range
and Overload) logic inputs from the Data Conversion
Board are latched into the Qutput Register with the
A/D output, to form part of the outgoing data word.
In addition the OL signal is fed to the Timng
Logic to inhibit relay operation on an overl oad.
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Figure 7.3: Anal ogue Interface
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7.2.1.4 DATA CONVERSI ON pchb
Refer to the attached sinplified schematic, Figure
7. 1.

The Data Conversion pcb consists of 4 subsections:

1) A precision tracking power supply to provide a
clean and stable supply to the w deband 1/V
converter on the anplifier/attenuator pcb.

2) A programmabl e +DC reference that can be | ocked
to either an internally generated 10 V reference
or to an externally supplied 10 V reference.

3) Supervisory circuits consisting of an eight
channel nultiplexer and a 12 bit A/ D converter

t he overl oad, overrange and underrange
conparators, and a 3% digit solid state rms/DC
converter.

4) A servo |loop (which requires mcroprocessor
control to close) that is wused to null the
out put of the sense winding in the DMJITC.

The resistors wused in the servo loop and the

progranmabl e +DC reference are all precision neta
film and were burned in to ensure long term
stability in the resistance values. As well all

operational anplifiers used in the reference circuit
were chosen for |ow tenperature drift and very high
gain linearities.

In the xDC reference circuit a custom design
resistor network is used in order that all critica

resistors thermally track each other and so further
reduce the thernal drifts in our gener at ed
reference.

The way this board is used in conjunction with the
anplifier/attenuator board by the mcroprocessor to
make a measur ement i's as foll ows (assum ng
aut orangi ng node of operation!).

The autoranging software selects the 1 kV range
first on the anplifier/attenuator board and nonitors
the output of the underrange detector on the data
conversi on board.

It then ranges down wuntil the output of the

underrange detector is no longer true. Once the
correct range has been found, the output of the
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solid state 3% digit rnms/DC converter is checked to
set the upper 12 bits of the +DC reference and a 3%
digit result is shown on the front panel display.
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Now the software selects the "ERROR' channel, the
output of the integrator in the servo | oop. (the
integrator is in |low res node). If the integrator
is pegged at either supply, the +DC reference is
nmoved up (or down) 1000 ppm at a time (and this is

done 6 tines at nost) wuntil the output of the
integrator is within the range of the 12 bit A/D
converter. The reading from the integrator is used

to set the remining 6 bits on the precision
reference and a 4% digit result is shown on the
di spl ay.

A cycle of 4 readings is now taken from the
anplifier/attenuator board to nmake up 1 measurenent
in low resolution node (with the DAC fixed).

1) AG these inputs are all conpared to
t he

2) +DC +DC reference via the "ERROR"

3) AG channel output of the servo | oop.

4) -DC

and Vi, i s conputed by

V-—é1+3u 62+ 4
T E2HE&E2H

A 5% digit result is now displayed on the front
panel . The DAC is reset to this new value and the
integrator is put into high resolution node. The
sane cycle of 4 readings is now taken to conplete

Vi, wWth a Ilittle nore time allotted for the
integrator to settle. The nmeasurenent result is
shown as a 6% digit result on the front panel.

The software will continue in this high resolution
node of measurement until it |ooses lock with the
input, in which case it will back up one step at a
time to reacquire a lock on the input, or if the
input is overloaded, it wll range up and restart

t he whol e sequence.

If a DC signal is detected at the input to the
anplifier/attenuator board, the usual 4 cycle
measurenent is nodified somewhat in that only the
sane polarity signals are conpared.
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7.2.2 CENTRAL PROCESSI NG UNI T ( CPU)

The internal central processing unit (Guildline Draw ng
Number 18221.02.04 and hereafter referred to as the CPU)
in the nodel 7130A Digital AC/ DC Transfer Standard is
built up from conventional digital circuitry and is based
on the Intel i APX8088 processor.

After the power is turned on the first step the
nm croprocessor perforns is to fetch its first instruction
from location OxFFFFO. The first section of code

executed is a power on diagnostic routing which validates
the correct operation of the processor, the on-board ROV

RAM interrupt controller, the parallel port and the
tinmer. The correct conpletion of this test is seen as
all sixteen vacuumfluorescent displays being on for

about one second.

The power up self-tests are perforned entirely on the CPU
pcb and require a reasonably functional display as an
out put device. The detailed steps for the power up CPU
self-test are as follows:

1. Initialize the 81C55.

2. Turn on all of the LED indicators on the display
card
(i ncludi ng the audi bl e indicator).

3. Perform a sinple read/wite test of the Ox100 bytes
of RAM I ocated in the 81C55.

4. Turn of f the audible indicator on the display card.

5. Initialize the 82C59 interrupt controller, and place
interrupt vectors into the tested nenory.

6. Turn on all of the vacuumfl uorescent displays.

7. Turn on the seven segnent LED displ ays.

8. Wait for one half second by counting interrupts from

the 81C55 tiner.

9. Turn off all the vacuumfluorescent displays and
LEDs on the display card.

10. Start execution of the system di agnostics program
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| f any of the above steps should fail, the program will
halt and the display indicators will remain as they have
been set, hence giving an indication of the failure
cause. As an exanple if step 1 should fail then all of
the displays will be in their power up condition
(randomy on or off) and the programw ||l not proceed.

7.2.2.1 PROCESSOR

The microprocessor on the CPU pcb is a CMOS version
of the i APX8088 processor. The m croprocessor has an
8 bit wide data bus and has a 20 bit w de address
bus. The m croprocessor can address up to 1 mllion
bytes of nmenmory. In addition there exists a separate
address space which allows for up to 64k bytes of
i nput / out put devi ces.

Al'l of the start up routines for the m croprocessor
self-test are contained in the on-board EPROM

7.2.2.2 ADDRESS MAP

A portion of t he addr essi ng range of t he
m croprocessor is used by devices |ocated on the CPU
pcb. These devices include nmenory (both RAM and ROM
as well as input/output devices.

T +
| Address i Function |
| o e e e 1
| OXFFFFF ! On board Rom

i | 64K bytes |
i 0xF0000 ' !
o e e e o R |
i 0x00100 i On board RAM |
i | 256 bytes |
i 0x00000 ' !
o +

Table 7.1: CPU Menory
Address All ocati ons
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| Address i Function !
[ o o o e e e e e e e e e e e e e e e e I
| OXFFFF | !
R oo m e e e e e e e e e e e e e e e e e mmaemem—on i
I 0x0203 | 82C52 Baud Rate Control Register 1
I 0x0202 | 82C52 Modem Control Register i
i 0x0201 i 82C52 Control/Status Register 1
I 0x0200 |  82C52 Data Register i
L - e eeeee i iacccscsacmasesscsaccaaenana [
' 0x0101 ! 82059 Control Register 1 |
i 0x0100 | 82C59 Control Register 0 '
R oo m e e e e e e e e e e e e e e e e e e mmemmemoon [
I 0x0005 i 81C55 Tiner Count Register (Low Byte) E
I 0x0004 | 81C55 Tinmer Count Register (H gh Byte) i
i 0x0003 | 81C55 Port C !
I 0x0002 | 81C55 Port B |
I 0x0001 | 81C55 Port A !
| 0x0000 | 81C55 Control/Status Register i
e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmaaan +

Table 7.2: CPU I nput/Qut put Address Allocations
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The chip selects for each of the devices on the CPU
pcb are generated by decoding the control and
address signals. This decode function is perforned
within the PAL decoder (Ul) and the three input OR
gate Ul2.

7.2.2.3 CLOCK GENERATOR

The CPU oscillator and mcroprocessor clocks are
generated by the 82C84 clock chip which operates
with a 14.745 600 WMHz crystal. This operating
frequency has been selected since it is an integer
multiple of the frequency of the RS-232C baud rate.
The m croprocessor operates with a clock that has a
33% duty cycle (the waveform is high 33% of the
time). This clock is easily generated by dividing
t he crystal frequency by t hree, hence t he
m croprocessor clock frequency of 4.915 200 WMHz. The
peri pheral clock (PCLK) frequency is one-half of the
m croprocessor clock rate and hence is 2.457 600
MHZ. The 82C84 |C generates a power-on reset which
is conpatible with the 80C88 tim ng requirenments. In
addition the 82C84 can generate a wait signal which
will slow the rate of nmenory access for slow
menories or peripherals.
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Correct operation of the 82C84 can be verified with
an oscilloscope by examning pin 8 to see a 33% duty
cycle clock at 4.912 200 MHz (203.5 ns period). At
pin 2 the oscilloscope should see a 2.467 60 MHz
square wave (407 ns period) and at pin 10 an active
high pulse with a period of about 1 second should be
observed after power up.

7.2.2.4 NEMORY

The on-board nmenory of the CPU pcb is made up of 64k
bytes of EPROM and 256 bytes of RAM The EPROM is a
27C512 and the RAMis contained in the 81C55 chip.

Correct operation of the nenory chips is verified by
t he di agnostic prograns after power is applied.

7.2.2.5 | NTERRUPT CONTROL UNIT

The interrupt control integrated circuit is a type
82C59. This chip has 8 interrupt inputs. \Wen one of
the interrupt 1nputs becones active (rising edge)

t he i nterrupt controller interrupts t he
m croprocessor. After the mcroprocessor conpletes
its current i nstruction it acknow edges t he

interrupt. During the interrupt acknow edge cycle
the interrupt <controller generates an interrupt
vector which the CPU uses to determ ne which section
of code to execute.

Normally only the Tx ready and the Rx ready outputs
of the 82C52 and the interrupts from the timer in
the 81C55 are wired to the interrupt controller. Al
other interrupt sources cone from external cards
t hrough the external bus interface.

Correct operation of the interrupt controller and
the timer input is determined by the power on
di agnosti c routine.

7.2.2.6 RS-232C | NTERFACE

The RS-232C interface on the CPU pcb is controlled
by U5 which is an 82C54. This chip has a built in
baud rate generator and the transmt and receive
rates are derived from the PCLK. The internal |ogic
levels on the CPU pcb are not conpatible with the
required signal levels of the RS-232C Interface |ICs
U6 and U9, which are type 1489 receivers and 1488
drivers respectively. These 1C s translate the
signal levels on the RS-232C lines to a |Ilevel
conpatible with the CPU.

The RS-232C interface is configured as data
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conmuni cations equi pment (DCE), hence pin 2 (TxD) of
the RS-232C connector is an input. The RS-232C
pi nouts and signal directions are given in Table
5.3.

7.2.2.7 PARALLEL | NTERFACE

The CPU parallel interface is part of U3 which is an
81C55. The parallel port is configured by the
initialization software to operate with ports A and
B as outputs and port C as an input.

Since the parallel port drives the display its
correct operation can be readily determ ned by
vi sual |y observing the display.

7.2.2.8 BUS | NTERFACE

The CPU bus interface (for communication with the
other pcb's in the system) is through the 96 pin DI N
connector on the pcb. The configuration of the outer
two pin rows (rows A and C) correspond to the
pi nout , | evel and timng requirenents of t he
Nati onal Sem conductor Cinbus. The center row of
contacts (row B) is configured to the Guildline
extensi ons of this bus.

The address, data and control signals on the bus are
driven by 74HC245 drivers/receivers. The address and
control buses are bidirectional so that other bus
masters (such as DMA controllers) can access the
menory and input/output devices on the CPU pch,
however this feature is not wused in the 7130A
system

7.2.3 KEYBOARD AND DI SPLAY

The keyboard and display pcb (Guildline Drawi ng Nunber
18225.01.04) provide an input/output facility for the
nodel 7130A CPU. The sixteen digit/sixteen segnent
vacuum fl uorescent display provides an easy to read
general purpose output device. This display is augnented
by a number of special purpose LED indicators and a four
di git/seven segment LED di spl ay.

The circuitry on the display pcb is as sinple as possible
and the CPU is expected to generate all of the contro
signals necessary to refresh the display. The keyboard
is a sinple matri x keyboard and the CPU provides the scan
functions.

7.2.3.1 VACUUM FLUORESCENT DI SPLAY

The vacuumfluorescent display is a glass envel ope
with a heater and is simlar to a classical vacuum
tube triode. The heater requires 8 volts and each
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anode and cathode require 28 volts drive. The high
voltage (28 V) is generated by a switching power
supply nodule (ERG Inc. E705-.28V8.). The anodes and
cat hodes are driven by four Exar 6118P (U8, U9, U1l2
and U13) driver chips.
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The scan rate selected for the 16 segnments is 55

hertz. If the scan rate is slower, the display
appears to flicker; if the scan rate is higher, the
CPU cannot handle the processing |load. In order for
the CPU to illumnate a given segnment of a given

digit of the display it is necessary to perform
several steps.

1. Put the data for the |ower 8 segnents onto the
port A outputs.

2. Set port B bit 3 low (this disables the display)
and set port B bits 0-2 to 5 (this causes Ull to
sanple the data output in step 1).

3. Set port B bits 03 to O (this causes Ull to
hold the data output in step 1).

4. Put the data for the upper 8 segnents onto the
port A outputs.

5. Set port B bits 0-3 to 6 (this causes U7 to
sanpl e the data output in step 4).

6. Set port B bits 0-2 to O (this causes U7 to hold
the data output in step 4), set port B bits 4-7
to the nunber of the digit to be lit (digit 0 is
the rightnost display and digit 16 is the
| eftrost display), and set port B bit 3 to 1 to
enabl e the displ ay.

The circuitry associated with Ul4 (D1, R5, R6 and
Cl) is a retriggerable one-shot integrated circuit
which will extinguish the vacuumfl uorescent display
if the CPU is not periodically refreshing the
di spl ay.

Correct operation of the vacuumfluorescent display
can be determined visually by observing its
behavi our during the power up sequence.

7.2.3.2 LED | NDI CATORS

There is provision for up to 28 LED indicators on
the display card however not all are used. The LEDs
are arranged in four banks of eight LEDs. In order
for the CPU to turn on any one of the LEDs the
foll owi ng steps must be taken.

1. Qut put the data for the bank of 8 LEDs to port

A. All 8 LEDs nust be set at the sane tinme. |f
the data bit is zero for a given LED then that
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LED will be turned ON.
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2. Qut put the nunber of the LED bank on bits 0-3 of
port B, where 1 selects U5, 2 selects U6, 3
selects U3 and 4 selects U2 (this causes the
latch to sanple the data output in step 1).

3. Qutput 0 on bits 0-3 of port B (this causes the
LED bank to hold the data output in step 1).

It should be noted that there is no way for the CPU
to read back the data on the LED displays therefore
it is up to the CPU to naintain a list of current
settings. The 7130A operational software keeps such
a list and refreshes the LED |latches as it refreshes
t he vacuum fl uorescent displ ays.

7.2.3.3 LED DI SPLAY

The data from the LED display is presented to the
i nputs of the 7 segment decoder (Ul) during SO, S1,
S2 and S3 display tines. The lower 3 parts of the
LED di splay are standard 7 segnment displays and are
handled by the 7 segnment decoder. The nost
significant digit can display +/-1. In order to
display -1 the nunber 3 is output, +1 uses an 8 as
out put and 1 uses a 1 as output.

7.2.3.4 AUDI BLE | NDI CATOR

The audible indicator is wired the same as one of
the LEDs, internally the indicator contains an
oscillator so only power need be applied for a tone
out put .

7.2.3.5 KEYBOARD

The keyboard is a 4 ? 6 matrix. In order to scan the
keys the m croprocessor outputs one of the PB4-PB7
lines low and reads back the PCO-PC5 signals. Each
of the four columms are scanned 60 tinmes per second,
and a key nust be scanned as |ow on two consecutive
scans to be considered pressed. This effectively
debounces the switch action.

7.2.3.6 EXTERNAL TRIGGER CIRCU T

The 4N26 opto-isolator (Ul5) is wired such that when
pins 1 and 2 of J5 are shorted, a key (colum 4, row
0) appears to be pressed. The same rules for
scanning keys outlined in paragraph 8.4.5 apply to
t he opto-isolator input.
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7.2.4 MEMORY | NPUT/ OUTPUT PCB

The nenory input/output pcb (Guildline Drawi ng Nunber
18222.02.04 and hereafter called the MO pch) contains a
GPIB bus interface, a twelve (12) bit digital to anal ogue
converter, a parallel interface, and three (3) sockets
which can each be configured as one of random access
menory (RAM), electrically programmble read only nenory
(EPROM) or electrically erasable progranmble read only
menory ( EEROM .

7.2.4.1 ADDRESS MAP

A portion of t he addr essi ng range of t he
nm croprocessor is used by devices |ocated on the MO
pcb. These devices include nenory (RAM or ROM as
wel | as input/output devices.

The chip select for each of the devices on the MO
pcb are generated by decoding the control signals
and the address signals. This decode function is
performed within the PAL decoder (U9) and the four
i nput OR gate (Ul2).
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i Address | Si ze | Use/ Devi ce i
f-------- Fom e e e o o m m e e e e e e e e e e e e e emmmmmmeaa |
| OXFFFFF | ! :
o Fom e e e o o m m e e e e e e e e e e e e e emmmmmmeaa |
' 0x10000 ! ! |
o Fom e e e o o m m e e e e e e e e e e e e e emmmmmmeaa |
1 0x08000 | 32K bytes | On board ROM i
o Fom e e e o o m m e e e e e e e e e e e e e emmmmmmeaa |
1 0x04000 | 16K bytes | Avai | abl e but not used menory i
o Fom e e e o o m m e e e e e e e e e e e e e emmmmmeeeaas |
1 0x02000 | 8K bhytes | On board Non-vol atile menory i
o Fom e e e o oo m e e e e e e e e e e e e e mmmmmmmeaas |
1 0x00100 | 8K bhytes | On board RAM i
o Fom e e e o o m m e e e e e e e e e e e e e emmmmmmeaa |
1 0x00000 | 256 bytes | Not avail abl e (used on CPU card) i
o Fom e e e o o m m e e e e e e e e e e e e e memmmmeaaa |
| OXFFFF | ! :
o Fom e e e o o m m e e e e e e e e e e e e e emmmmmmeaa |
1 0xC037 | ' GPI B data register 1
1 OxC036 | | GPI B parallel poll register |
1 0xCQ035 | i GPI B instrunent status register 1
1 OxC034 | | GPI B address regi ster |
1 0xC033 | i GPl B auxil ary conmand regi ster i
1 OxC032 | | GPI B node regi ster |
1 0xC031 | i GPI B interrupt cause i
1 OxC030 | | GPIB interrupt register |
Fecmenaan - e i
1 OxC013 | ! 82C55 command/ st atus regi ster |
1 0xC012 | i 82C55 port C i
| OxC011 | | 82C55 port B |
1 0xC010 | i 82C55 port A i
o Fom e e e o o m m e e e e e e e e e e e e e mmmmmmeeaa |
| OxC001 | ! ADC567 high byte '
i OxC000 | | ADC567 | ow byte |
Fecmenaan - U e i
1 0x0000 | ! !
e e o e e e e e e e e e e e e e e e e e e e e e e e e meeeeo o +
Table 7.3: Address Allocations for Menory

| nput/ Qut put Circuit Boards
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7.2.4.2 NMEMORY | NTEGRATED CI RCUI TS

A factory programmed ROM is installed at US5. The
software contained in this nenmory is the invariant

operating instructions for the instrument. A RAM
menory device is installed at Ul0. This |IC stores
the tenporary decision information created by the
operator as various nodes of operation are sel ected.

This information is erased each time the power is
applied or the instrument is reset. A RAM nenory is
also installed at Ul4, but it 1is nounted on a
l[ithium battery powered snmart socket that prevents
data | oss when power is turned off. In effect, the
IC is thereby nade to have a non-volatile nmenory.

This I1C is used to store calibration coefficients.

The expected Ilife of the Ilithium battery is
approximately 10 vyears. VWhen the  battery is
eventually depleted, the entire socket (Dallas
Sem conductor part nunber DS1213) is replaced and
calibration coefficients are re-entered. The circuit

board has nine configuration pins |ocated beside
each nmenory (U5, Ul0O and Ul4). Junper wres are
connected between the pins to configure the circuit

board for the menory I1Cs used. A map of the pin
| ocations is shown in Table 7.4 (due to board space
limtations, not all of the pins are |abelled).

1

|

1
' Pin 27 i
e o e o i
LW 0 0 0 Al4 |
e o e o i
' Pin 0 0---0 +5 V|
e o e o i
' A3 0 0 0 Pin1 !
e o e il i
! RDY !
i +

Table 7. 4: Map of Menory Configuration
Pi ns

Note: Center pin is also +5 V.
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Table 7.5 shows which pins are connected together
for the three nmenories used.

o o m o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmem e +
| Ref erence i Par t i Junper i Menory |
| Desi gnator | Nunber ' i Application i
fmmmmmmmmm - - e L IR R i
A W ! Typically | 14to 27 | ROMwth |
" i I ntel i | operating i
: i 27C256 i | software i
f | with | | |
a i Quildline | i (non-volatile) |
: i Sof t war e i ' i
Q ------------ S B S Fom e e e oo s i
I uwo ' Toshi ba ' WRto 27 ! RAMwith node !
() i TC5565PL i i selection data |
l} | or equivalent | 26 to +5V | (volatile) i
R S B S Fom e e e n i
Y w4 | TC5565PL-12L | WRto 27 | RAMwth '
' i in smart i i calibration i
Ii) i socket I 26 to +5V | coefficients d
i i (see text) i i _ i
| i i i (non-volatile) |

Table 7.5: Menory Configuration Junpers

|l ogic array (PAL) is placed at U9. This |IC manages
the addressing of the nmenory and input/output (I1/0
| C s.

Correct operation of the RAM devices on the MO pcb
is determ ned by the diagnostic software at the tine
power is applied. The correct operation of the ROM
on the MO pcb can be determned by using the
checksum t est under SOFCAL(TM (see paragraph 8.2).

7.2.4.3 GPI B | NTERFACE

The GPIB interface is nade up of a Mdtorola 68488
GPIB controller (Ul1l), two MC3447 drivers (U3 and
U7) and a 74HC373 transparent latch (U2). The
controller and drivers are connected to the GPIB bus
as described in their data sheets and the 74HC373
transparent latch is connected to the bank of
switches on the rear panel. These four chips forma
conplete functional GPIB interface.
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The GPIB controller can be wused with the direct
menory access (DMA) interface. In the Mdel 7130A
the DVMA request is not used.

The GPIB interface hardware is tested by connecting
a system controller to the GPIB bus and exercising
the instrunent from the bus. The switch register
can be tested by exam ning the GPIB address with the
SOFCAL(TM (see paragraph 5.6) and toggling each of
the switches while watching the instrunment display.

7.2.4.4 PARALLEL | NTERFACE
The parallel interface on the MO pcb is controlled
by an Intel 82C55 parallel port chinp.

The operation of this chip is checked by the self-
test software as part of the fast ADC check when
power is first applied.

7.2.4.5 DI Gl TAL TO ANALOGUE CONVERTER

The MO pcb has provision for a twelve (12) bit
digital to analogue converter (Analogue Devices
ADC567), which is used for a chart recorder output.
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8 TROUBLE SHOOTING AND MAINTENANCE
8.1 PREVENTATI VE MAI NTENANCE

Preventative maintenance consists of cleaning and visual

i nspection of the instrunent. Preventative maintenance
performed on a regular basis will prevent instrunent breakdown
and will inprove the reliability of this instrunment. The

severity of the environment to which the 7130A is subjected
determ nes the frequency of maintenance. A convenient time to
perform preventative maintenance is prior to recalibration of
the instrunent.

The 7130A should be cleaned as often as operating conditions

require. Accunul ation of dirt in the instrument can cause
over heating and conponent breakdown. Dirt on conponents acts
as an insulating blanket and prevents efficient heat
di ssi pati on. It also provides an electrical conduction path
which may result in instrument failure. The dress skins
provide protection against dust in the interior of the
I nstrunent. Operation without these panels in place
necessitates nore frequent cleaning.
CAUTI ON

Avoid the use of chem cal cleaning agents which m ght danage
the plastics used in this instrunent. In particular, avoid
chem cals which contain benzene toluene, xylene or simlar
sol vent s.

Periodically inspect the instrunent for general cleanliness.
Renmove the cover and clean out any accunulated dust with a
soft brush, at the sane tine check for discoloured or damaged
wiring. Check all screws and hardware for tightness.

8.2 NON VOLATI LE MEMORY CHECKSUM

The nodel 7130A Digital AC/ DC Transfer Standard contains a
bank of memory into which certain operating data are witten
and stored. This nmenory is non-volatile (NV) in that data are
kept even when power is renoved fromthe instrunment.

The integrity of the data in this nenory is checked on power
up and on an instrument RESET by conparing a stored checksum
value with a cal cul ated value. The two checksum val ues should
agr ee. Occasionally, the stored checksum val ue may not agree
with the newy cal culated value (on RESET or Power Up) due to
an operator error in entering new data into the NV RAM or when
the NV RAM battery is | ow.
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VWhen this occurs the 7130A will display the nmessage "EEROM
DATA BAD" and will beep 10 tinmes. This message will then be
replaced with the alternating nessage pronpts "CORRECT CHKSUM'
or "0 - NO 1 - YES". Pressing the 1 (one) key (responding
yes) will accept the NV RAM data as valid, causing the 7130A
to calculate a new checksum overwite the old stored val ue
accept NV RAM data, and continue to the neasurenent node of
oper ati on.

Pressing the 0 (zero) key (responding NO wll cause the
al ternating nessages "CLEAR EEROM ?" and "0 - NO 1 - YES" to
appear in the display wi ndow. Responding NO by pressing the 0

(zero) key will cause the 7130A to accept the bad checksum and
continue to the neasurenent node of operation. Pressing the 1
(one) key wll cause the 7130A to clear to zero all data

stored in the NV RAM prior to continuing to the measurenent
node of operation.

150



8.3 TROUBLESHOOTI NG

e
| Synpt om d Possi bl e Cause
oo --- o o o o e o o e e e o e e e e e e e e e e e e e e e e e e e e e e mmmmmeoo -
E No Di spl ay | Instrument not plugged into source of AC power.
i i I nstrument not powered ON.
" i Power Supply fuse bl own.
i i Cabl e between CPU Card and Display Card Loose.
" i Faul ty connector on cabl e between CPU and
i i Di spl ay Card.
" i Faulty Display Card.
! | Faulty CPU Card.
E E Faul ty Power Supply Card.
Fom e o s Fo o m e e e e e e e e e e e e e e e e e e e e e e e e e meeaa-
i Display On but | Keyboard switches | ocked out by renote
I No Keyboard | controller.
E Response E Cabl e between CPU and D splay Card | oose.
i i Faul ty Connector on cabl e between CPU and
" i Di splay Card.
i ' Faulty Display Card.
. T T NN
i Display On but ' Cabl e between CPU and Display Card faulty.
1 only parti al i Faul ty display Card.
i Keyboard i
{ Response i
Fom e ao s Fo o m e e e e e e e e e e e e e e e e e e e e e e e e eeaa-
i Instrunent Does | Audi bl e configuration switch on rear panel
I not Beep when | in closed position.
E Key switch E Junper E4 not installed on D splay Card.
I I 1
pressed Faulty Display Card.
E GPI B No E Incorrect address set on rear panel swtches.
| Response i Tal k/ Li sten nmode not sel ect ed.
" i GPl B cabl e not connected to instrunent
I I
properly.
E E Cabl e fromrear panel address switch to MO
i i card faulty.
" i Faulty M O Card.
i ' Faul ty CPU Card.
. e TN
RS- 232C No Incorrect baud rate set.
Response Tal k/ Li sten node not sel ect ed.

I

]

]

]

i RS- 232C Cabl e not connected to instrument

i properly.

i Cabl e fromrear panel RS-232C Connector to CPU
i card faulty.

' Faul ty CPU Card.
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9 PARTS LISTS (can be ordered from Guildline)
Model 7130A

PL18850.
PL18826.
PL18848.
PL19304.
PL18221.
PL18222.
PL18225.
PL19280.
PL19200.

General Assenbly

Dat a Conversi on PCB

Fibre Optic Interface PCB
Anal ogue Interface PCB
CPU PCB

Menory |/ O PCB

Di spl ay PCB
Amplifier/Attenuator PCB
Anal ogue Sub Assenbly
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10

18826.
18826.
18848.
18848.
19304.
19304.
18221.
18221.
18222.
18222.
18225.
18225.

19280.

General Assenbly

DRAWINGS (can be ordered from Guildline)

18850.
18850.

General Assenbly Schematic

Dat a Conversi on PCB

Dat a Conversi on PCB Schematic
Fibre Optic Interface PCB

Fibre Optic Interface PCB Schemati c

Anal ogue Interface PCB

Anal ogue Interface PCB Schematic

CPU PCB

CPU PCB Schemati c
Menmory |/ O PCB

Menory |1/ O PCB Schemati c
Di spl ay PCB

Di spl ay

19280. 01. 02Anpl i fier Attenuator

Amplifier
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PCB

At t enuat or

PCB

Schemati c

Schemati c



