SECTION 3

OPERATION

3.1 INTRODUCTION.

3.1.1  This section contains operating information for the
DMM. The information contains illustrations of all front
and rear panel controls, indicators and connectors along
with tabular listing of the function and purpose for each.
Operating instructions for manual or bench operation are
presented in two ways; a description of each operating fea-
ture followed where necessary, with a step-by-step operating
example. Some operating features or functions are simple
one or two step operations and thus no operating examples
are included.

3.1.2 Remote operation via the IEEE-STD-488-1978
General Purpose Interface Bus is one of the principal fea-
tures of the DMM. This section presents bus address selection
information and a tabular listing of the device-dependent
messages used to program the instrument. Also included is a
GPIB program, measurement and data transfer example.

3.2 OPERATION.

3.2.1  Before operating the instrument, it is strongly
recommended that the operator read this entire section in
order to avoid damage to the unit. After reading the oper-
ating instructions, refer to the installation section, then
check the position of the line voltage selector through the
viewing window on the rear panel.

CAUTION

This instrument may be damaged if operated on line
voltage other than that called for by the line voltage
selection card, P2.

WARNING

Removal of covers exposes potentially lethal voltages.
Avoid contact with internal electrical connections
while unit is connected to AC power source.

3.2.2  After ensuring that the line voltage selector is in
the proper position and the cover on the instrument replaced,
connect the power cord to the AC outlet and depress the
POWER switch to power-up to DMM. The DMM will
display 5005 or 5006 upon applying power and the LED
annunciators and AUTO are ON.

3.3 CONTROLS AND INDICATORS.

3.3.1  The front panel keyboard switches execute all the
functions and modes of operation when the DMM local
function is selected.

3.3.2  The panel designators, keyboard switches (refer to
as key) and locations for all controls, indicators, and con-
nectors are illustrated on Figure 3.1 and Figure 3.2. The
description for each are itemized in Table 3.1 and Table 3.2.

3.4 BASIC MEASUREMENTS.
3.4.1 Digital Zero Command.

3.4.1.1 This procedure should be employed after turn-on
and at other selected intervals to verify the DMM’s zero
accuracy in the DC function.

3.4.1.2 To check the DMM’s zero accuracy, short the HI-
LO INPUT terminals together and verify a display read-out
of zero + 3 digits in each DC range. If the reading ex-
ceeds this limit in any range, perform a digital zero command
as described below:

a)  Short the HI-LO INPUT terminals.
b)  Select the DC function, .1 range.

c)  Depressand hold the .1 Range Key until the display
reads “CAL 0%, verifying that the zero command
was enabled. Release the .1 range key.

d) REMOTE OPERATION: The GPIB command K2,
the digital zero command program instruction is
described in paragraph 3.5.18.

3.4.2 Range Control.

3.4.2.1 Upon initialization, the DMM goes to its home state;
autorange and continuous readings. With a signal applied to
the input HI-LO terminals, the autorange will set the range
to match whatever signal the DMM sees at the input termi-
nals. For example, if a 6 volt battery is confected to the
input terminals and the DMM isinitialized by power turn-on,
the DMM goes through the auto-test routine and the auto-
range will select the 10 volt range.

3.4.2.2 To manually disable autorange, depress one of the
range keys. This action extinguishes the autorange annun-
ciator and the DMM will now respond to the selected range.
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Coaxial Cable

3445 AC Voltage measurements for the Model 5005
Averaging AC to DC Converter are always AC coupled
(DC component of input is blocked). For the Model 5006
True RMS to DC Converter, AC Voltage Measurements can
be made either as AC coupled or DC coupled.

3446 To select DC coupled operating (AC + DC mode)
for the 5006 AC converter, proceed as follows:

a)  Set DMM power switch to off.

WARNING
These instructions are for use by qualified personnel
only. To avoid electric shock, do not perform any
servicing other than that contained in the operating

instructions unless you are qualified to do so.

b)  Unplug power cord.
¢)  Remove top cover (see 2.5.1.2).

WARNING
Removal of covers exposes potentially lethal voltages.
Avoid contact with internal electrical connections
while unit is connected to AC power source.

Figure 3.4 - DC, AC Measurement Connection Using Two
Conductor Shielded Cable

3.4.3 DC Volts Measurements.

3.4.3.1 The basic instrument is capable of measuring DC
volts in 5 ranges: 0.1V, 1V, 10V, 100V, 1000V. To measure
DC voltage proceed as follows:

3.4.3.2 Complete the DMM turn-on procedure as described
in paragraph 3.2.2, then check the zero accuracy of the
instrument as described in paragraph 3.4.1.

3.4.3.3 Connect the DC voltage to the INPUT HI-LO term-
inals, refer to Figure 3.3 and Figure 3.4, and read the value
from the display and range annunciators.

344 AC Vqlts Measurements.

3.44.1 The DMM is capable of measuring AC volts in 4
ranges: 1V, 10V, 100V, 1000V. To measure AC voltage
proceed as follows:

&

3.4.4.2 Complete the DMM turn-on procedure as described
in paragraph 3.2.2.

3.4.4.3 Select the AC volts function by pressing the AC
key, then verify that the AC annunciator LED is on.

3.4.4.4 Connect the AC voltage to the INPUT HI-LO term-

inals, refer to Figure 3.3 and Figure 3.4, and read the value
from the display and range annunciators.
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d)  Extract RMS Converter and remove top guard
shield on converter board.

e) Set S1 and S2 switches to DC (toward center
of board).

f)  Replace guard shield and reinstall RMS Con-
verter in unit.

g) Install top cover (see 2.5.1.5).

h)  Set connect power cord and set AC power
switch to ON. To select AC coupled operation,
perform steps (a) through (h) above, but in
step (e), set S1 and S2 switches to AC (away
from center of board).

3.4.5 Resistance Measurements.

3.4.5.1 The DMM is capable of measuring resistance values
in six ranges, starting at 100 ohms full scale to 10,000,000
ohms full scale. The correlation between the front panel
keyboard and resistance selection is best described by the
chart that compares range designators and resistance scales,
as follows:

a)  When the K€ function is selected, the range keys
carry a scaled factor of 1000 or range key “1”
equals one thousand ohms full scale.

b) Range keys and resistance measurement com-

parison:
Range Key ~ Ohms - Full Scale
1 100 Ohms
1 1000 Ohms
10 10,000 Ohms
100 100,000 Ohms
1K 1,000,000 Ohms

10K 10,000,000 Ohms
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Table 3.9 - Bus Operation Sequence

A KE | BUS LINES DATA LINES MEANING OR FUNCTION
1 REN Lo Arms bus peripherals to go to remote mode.
2 IFC Stops activity on the bus.
3 ATN Lo Signifies that data byte will be a “Bus Message”.
4 NRFD Hi DMM says ready for data.
S ? UNL (Unlisten) message (ASCII character ?) on
data bus by controller means “all bus peripherals
unlisten”. ot
6 DAV Lo ‘ Controller says data on bus is valid. . SRQ
7 NRFD Lo DMM says its not ready for new data; do not [ ReN 7]
change data lines while DMM is accepting data.
8 DMM reads data lines. INTERFACEX  IFC 2L
9 NDACHi DMM says it has read data.
10 | DAV Hi ' ? Controller says data no longer valid. | ATN ] - 16]
11 | NDAC Lo : DMM removes data accepted flag. ¢
12 | NRFD Hi DMM says it’s ready for next data byte. NRFD Y ! 12 l ] | N '
13 Controller removes or changes data on bus. . ' HAN?.IS:EASKE{ DAV BW
14 U “I talk”, controller becomes talker (HP9825 talker _ - :
address). _ NDAC o[ 1] — 1 [ 1 [ 1
15 ' ” “You listen”, addressed peripheral becomes listener N
-(In this case it is the DMM set to decimal - a " 16
address 02; see table 3.9). ' Dio1 _5‘1_ ) '3'! 0 ; 0 "7 0
16 ATNHi _ Signifies that data byte will be a “Device Dependent | . ! ! ! .
Message™ as opposed to an “Interface Message”. plo2 ll ! 2 || 0 1| ! B
17 F Function DI03 —_——i |9 L s 1
18 1 DC Volts : ! § ! !
19 R Range oata | P04 1% [ o ) 0
20 5 10 Volts - LINES < ! @ : © : (©) : ®
21 T Trigger owos ] 1 H R g [ o o
22 1 ‘Continuous ! i ] 2 : - | "
23 CR End of transmission by HP9825. oios ! e o - § 0 §
24 LF _ R i ’ 3
25 ATN Lo Byte to follow is a Bus Message. D7 : ° 3 ) ,1 ‘ ! o !
26 ‘ ? UNL (unlisten) bus message. DIos — o — o ‘ o o
27 ‘ B “You talk”, DMM talk address (02). : \ \/ _/ \_/ \/
28 5 ““I listen”, HP9825 listen address. : . T
29 ATN Hi Message to be transmitted by DVM is Data. Figure 3.19 - Interface Timing
30 + A ’
31 1
32 .
33 0 »rMeasurement data transmitted by DMM
34 2 .
35 5
36 4
37 6 J
38 E Exponent Indicator means X 1001
39 + Sign of exponent.
40 0 }Exponent. Here it indicates 1010
41 1
42 CR } End of data message.
43 LF 3-33




3.5.6.11  Having transmitted the program string of device
dependent messages to the DMM, the controller then sets
the ATN line low which indicates that the characters to
follow in lines 26 through 28 are bus messages. These bus
messages change the talker/listener relationship of the con-
troller and DMM; the DMM is made a talker and the con-
troller becomes a listener.

3.5.6.12 Lines 30 through 43 illustrate the sequence of
the transmission of data by the DMM. The handshake
sequence is the same when the DMM is transmitting data
as that outlined in lines 1 through 13 of the table, except
that the DMM is controlling the handshake lines.

3.5.6.13  Upon completion of the data transmission, the
DMM transmits a carriage return (CR) and line feed (LF)
to indicate the end of the data transmission. Refer to
Table 3.10 for the GPIB programming requirements.

Table 3.10 - CPIB Programming Requirements

1.  Character Code: -7 bit ASCII, upper or lower case.

2. All program strings transmitted to the DMM should
end in a terminating character. Acceptable termi-
nators are:

A. CR -Carriage Return

B. LF -Line Feed

C.  EOI - This GPIB message EOI, true during
transfer of the last byte of a string.

D. X- ASCII letter.

3. Programming numerical constant over the GPIB
The following units are assumed when programming
numerical constants over the GPIB:

Volts
Kohms,
Hours « Minutes  Seconds

3.5.7 |Interface Message Repertoire.

3.5.7.1 The DMM is equipped with a standard GPIB inter-
face which conforms to the specifications contained in
IEEE-488-1978. The specification includes the definition
of multi-line interface messages and this definition divides
the messages into two groups; the primary command group
and the secondary command group. The DMM includes
none of the secondary command group in its interface
message repertoire.

3.5.7.2 The primary command group of interface messages
is further broken down into four lower categories: (1) the
listen address group, (2) the talk address group, (3) the
universal command group and (4) the addressed command
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group. The. DMM is designed to include in its interface
message repertoire 31 listen addresses and 31 talk addresses.
The listen and talk addresses to which the DMM may be
set are listed in Table 3.8.

3.5.7.3 The interface messages to which the DMM is de-
signed to respond are listed in Table 3.11 along with their
decimal equivalents, hex equivalents, meanings and data line
codes. The function of the DMM in response to each of
these commands is described in the following paragraphs.

3.57.4 GO TO LOCAL (GTL).

3.5.7.4.1 As shown in Table 3.11, the GTL command
means go to local and the decimal and hex equivalent are
both 01. Upon receipt of this interface message, the DMM,
if previously programmed for remote, will return to its local
operational state. This means that the instrument will then
perform the function according to the settings of the front
panel controls on the instrument until such time as it returns
to remote control.

3.5.7.5 SELECTED DEVICE CLEAR (SDC).

3.5.7.5.1 Upon receipt of the SDC command, the DMM
will go to the home state. The decimal and hex equivalent
are both 04. The SDC message has the same effect as trans-
mitting the GPIB program code ‘Z’ to the DMM.

3.57.6 GROUP EXECUTE TRIGGER (GET).

3.5.7.6.1 As shown in Table 3.11, the decimal and hex
equivalents of the GET command are both 08. Upon receipt
of the GET interface message, the DMM will trigger a reading
if it had previously been placed in the HOLD mode. The
group execute trigger command is used to trigger the simul-
taneous execution of a number of functions by a number of
bus members at the same time. To use this command, one
or more bus members are programmed to perform a function
on receiving the GET interface message. Subsequently, the

-controller will transmit the GET command and all bus

members previously programmed will begin execution on
receipt of the command.

3.5.7.7 LOCAL LOCK OUT (LLO).

3.5.7.7.1 The DMM may be brought back into local con-
trol by pressing the “Local” key on the keyboard: If,
however, the DMM receives an LLO (Hex 11 or decimal 17)
command while in remote operation, it may not be brought
back into local control through keyboard operation.
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SECTION 6

DRAWINGS

Chassis (404136, 404200)

PCB Assy., Motherboard (401659)
Schematic, Motherboard (431659)
PCB Assy., Display (401651)
Schematic, Display (431651)

PCB Assy., AC Converter (404107) .

Schematic, AC Converter (432131)
PCB Assy., RMS Converter (404106)

Schematic, RMS Converter (432130) .

6-2
6-3
6-5
6-16
6-17
6-18
6-19
6-20
6-21
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