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2. Preparation for Use and Operating Instructions

(See Figs.

2-9 and 2-10 in the appendix)

The values specified in this section are not guaranteed values. The specifi-
cations given in the Data Sheet or Technical Information are binding.

f

2.1 Key to Front and Rear-panel Views
Ref'. No. Labelling Function
1 b 1/2-digit LED display
2 mV A Tlluminated display of the unit.
v %
GRm 4B A lights up during relative measurements
dBV Q
3 )("‘\\‘ Tendency indilcation for guick detection
- + of changes in the measured value.
4 LP/kHz Illuminated display of low-pass filtenr
i cut-of f frequency
20
100
5 REM Illuminated display of Remots status.
LIS LIS: Listener address
TAL TAL: Talker address
SR SRQ: Service Reguest
6 LOCAL Key to interrupt Remote status and for
STO data coutput in Talk Only mode,
Second function:
To store reference voltage or reference
impedance.
7 LOWPASS Illuminated key for cutting low-pass
V/mv filter into AC measuring circuit.
Second function:’
Te enter unit, V or mV, of reference
voliage.
SELECT Key for selection of cut-off frequency.
dBm/dBV Second funection:
To enter unit, dBm or 4BV, of reference
voltage.
8 FAST £ > 100 Hz I1lluminated key for selecting measure-

ment speed.

AC and AC + DC measurement at FAST measu-
rement speed possible only if f > 100 Hz.
Second function:

To enter unit, ohms (2), of reference
impedance.
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Ref. No. Labhelling Function
9 RANGE HOLD Illuminated key to maintain measurement
CLEAR range selected by autoranging,
Second funection:
Clear key for data entry.
10 SHIFT Illuminated key to select second key
functions,
11 RCL. REFA Illuminated key to eall up stored
+/= reference value.
Second function:
To select sign for data entry.
12 Keys for relative indications.
&V Indication of difference between
) measured and reference voltage.
AdB Indication of difference between
0 measured and reference voltage in dB,
A% Indication of difference between
6 measured and reference voltage in %.
V/REF Indication of ratio of measured to
. reference voltage.
Second functions:
Digits 9, O, 6 and decimal point for
data entry.
13 RCL 2 Illuminated key to call up reference
3 impedance. .
Second function:
Digit 3 for data entry.
14 Keys to select unit of measured voltage.
v Indication in V or mV.
8
- dBV Indication Iin d4BV.
5
dBm(Z) Indication in dBm.
2 Z: reference impedance.
Second functions:
Digits 8, 5, 2 for data entry,
15 Iliuminated keys to select measuring
‘ mode.
AC AC measurement
T
C DC measurement
4
AC + DC AC + DC measurement
1

Second functions:
Digits 7, 4, 1 for data entry.
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Ref. No. Tabelling Function
16 INPUT + Input socket
10 MQ
< 40 pF
17 Light bar to indicate SUPERFAST
measurement speed.
18 ON -
POWER Power switch
OFF
19 —_ s o Analog output -
- +2 V
20 ADDRESS Address switch for IEC-bus interface,
o TALX ONLY Talk Only mode selector,
I . NORMAL
A5...Al
21 IEC bus connector
22 @ 47 - 63 Hz AC supply receptacle
23 100 V/120 V Fuse holder/voltage selector
TO.58B
© 200 V/240 V
™.258
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2.2 Preparation for Use

2.2.1 Setting up the Voltmeter

The URE may be operated in any position. For ease of operation and to facili-
tate reading the displays, it is best to tilt the voltmeter slightly. For this
purpose, press the two ends of the carrying handle together near the pivot,
adjust the handle to the desired position and release the handle to let 1t
lock in place.

The URE is designed for operation at an ambient temperature from +5°C to
+4590. The ventilation holes in the top and underside of the URE must not be
obstructed. Water must not be allowed to condense on the URE, If this has
occurred, the URE must be allowed to dry before it 1s switched on.

2.2.2 Rack-mounting the Voltmeter

The URE can be mounted in 19" racks with use of Adapter ZZA-22

(see "Recommended Extras" ). For such mounting, the two covers are re-
placed by special covers, the carrying handle and the two side strips are
removed and a dummy section 1s screwed to the left<hand or right-hand side
of the URE to produce a mountable unit.

2.2.5 Power Supply

The URE is designed for operation with AC supply voltages of 100 V, 120 V,
220 V or 240 V +10% and frequencies between 47 and 63 Hz. The voltmeter is
factory-adjusted for operation by 220 V but is readily adapted for one of
the other supplies by lifting off the cover of the fuse holder 22 with a
screwdriver, exchanging the fuse if necessary and replacing the cover so
that the triangular marker poilnts to the desired voltage (Fig. 2-14 in the
appendix)}. For 220 V and 240 V, insert fuse T0,25B DIN 41571 and for 100 V
and 120 V, fuse TO,5B DIN 41571,

Connect the URE to the power outlet via the AC supply receptacle with the
power cord supplied. The URE complies with the provisions of VDE O411
Safety Class I. For safety

connect the URE only te an outlet with a non-fused
ground contact,
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2.,2.4 Switching On

Switeh on the URE by means of the power switch on the rear panel of the
instrument. The display will read '

and subsequently the device address for the IEC-~-bus connector, for example

H-r- =7
[_1_ 7/

fTor address T,
or, in the Talk (nly mode

I_r  _ _
I 1l

(see section 2.3.4.1).

If the IEC-bus option (Recommended extras) is not incorporated, the display

reads
n_1 _ _
I

The instrument then assumes its basic setting (see section 2.3.3.8).
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2.3 Operating Instructions

2.5,.1 Connectl the Voltage to be Measured

Connect the voltage to be measured via the BNC input socket. If required,
an adapter with 4-mm sockets may be used.

The URE has a high-impedance input (10 M2 shunted by < 40 pF). The external
contact of the input socket is isolated from the earthed conductor (Fig, 2-1)
The input capacitance is nearly frequency-independent. The input resistance
decreases rapldly with inereasing frequency as shown in Fig, 2-2, When
measuring voltages of higher frequencies via a longer comnecting cable,
terminate the cable at the URE input so as to prevent measuring errors due
to reflections,

LN i1
7 P,
— |

+7 0.022¢ J_ =
. Ac 10H[J = 15p
0C.AC.DC ."

900 FI

Flg. 2-1 Equivalent diagram of the test input

100k Fra—y
1 35 E ..... \_

10k 2ex w100k qam some H m SN 10M

Flg. 2-2 Input resistance
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2.5.2 Permissible Input Voltages

The URE contains an overvoltage protection cilrcuit. 'The following conditions
mist, however, at all times be fulfilled:

« The voltage at the external contact of the input socket must not exceed
42 V relative to the earthed conductor, because of the shock hazard.

- The total peak input voltage (peak AC voltage + IC component) must not
exceed 600 V at frequencies up to 20 kHz and 350 V at higher frequencies

(Fig. 2-3).

- The rms value of the AC voltage must not exceed 300 V at frequencies up

-to 20 kHz and 200 V at higher frequencles up to 500 kHz. At frequencies

above 500 kHz, it must be reduced so that the veoltage-frequency product
does not exceed 18 v . Hz (Fig. 2-3). '

u 1

L1
v [1 3 SRR S,

| =

i — . -
£ Uaty
Fol]

100

n

10 100 1k Wk zm 100k seox W M sk 10M

1l

Fig. 2-3 Permissible input wvoltages

2:3.3 Setting the Voltmeter

2.5.3.1 Measurement Modes

The AC, IC or AC+IC measurement mode is selected by pressing the appropriate
key. The key lights to indiecate the mode selected. Whenever one of the
measurement mode keys is pressed, autoranging is switched on (the light of
the RANGE HOLD key goes out) and V or mV is selected as display wnilt,. The
measurement speed selécted is not affected and the state of the low-pass
filter in the AC measuring section remains unchanged. In the DC measurement
mode, all low-pass filter displays ars swltched off.
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2.3.3.1,1 AC Measurements

The URE measures the rms value of AC voltages from 50 uV to 300 V with crest
factors up to 5. (The crest factor of AC voltages is defined as the ratio of
the peak value to the rms value. With sinusoidal voltages it is \/EL)

The bandwidth 1s greater than 20 MHz but can be reduced to 100 kHz, 20 kHz
or 4 kHz by means of the built-in low-pass filter (see section 2.3.3.5).

The lower cut-off frequency is éutomatically set to 10 Hz, 100 Hz, or 1 kHz,
respectively with the selection of the slow, fast or superfast measuring
‘'speed (see section 2.3.3.4).

To prevedt interference voltages from entering into the test result, 1t is
recommended - in particular with small test voltages - that the input signal
be applied via a shielded cable and, if necessary, the low-pass filter be
cut in, Make sure that the AC measuring circuit is not overdriven by ex-
cessive interference voltage when the low-pass filter is cut in. .

In this case switch off the autoranging mode and select the appropriate

range.
{see section 2.3.3.6)

The crest factor of.AC voltages 1s in general limited to a maximum of 5.
This limit is determined by the voltage range and the accuracy of the recti-
fier. It is possible to measure AC voltages with higher crest factors

50 long as the voltage renge is not exceedéd. The lower the rms value of
the input voltage is relative to the selected measurement range, the higher
is the permissible crest factor:

Voltage range
Permissible crest faCtOI'< 6 x Ams value of voltage belng measured *

For the manual setting of voltage range see section 2.3.3.56. The voltage
ranges are glven in‘Table 2=2,

2.3.3.1.2 DC Measurements

The URE measures IC veltages in the range t}OO V, with a resolution of 1 uVv
in the most sensitive measurement range. Superimposed AC voltages can be
suppressed by means of a low-pass filter of a higher order whieh is switch-

selected with the measurement speed (see section 2.3.3.4).

By- simultaneocusly monltoring the input AC voliage a less sensitive measure-

ment range 1s selected automaticaily if the limit values are exceeded.
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2.0.3.1.1 AC Measurements

The URE measures the rms value of AC voltages from 50 uV to 300 V with crest
factors up to 5. (The crest factor of AC voltages 1S defined as the ratio of
the peak value to the rms value. With sinusoidal voltages it is V2.)

The bandwidth 1s greater than 20 MHz but can be reduced to 100 kHz, 20 kHz
or 4 kHz by means of the built~in low-pass filter (see section 2.3.3.5).

The lower cuteoff frequency is éutomatically set to 10 Hz, 100 Hz, or 1 kHz,
respectively with the selection of the slew, fast or superfast measuring
‘speed (see section 2.3.3.4).

To prevent interference voltages from entering into the test result, 1% is
recommended - in particular with small test voltages - that the input signal
be applied via a shielded cable and, if necessary, the low=-pass filter be
eut in. Make sure that the AC measuring circuit is not overdriven by ex-
cessive interference voltage when the low-pass filter is cut in. .

In this case switeh off the autoranging mode and select the appropriate

range.
(see section 2.3.3.6)

The crest factor cf.AC voltages is in genheral limited to a maximum of 5.
This limit is determined by the voltage range and the accuracy of the recti-
fier. It is possible to measure AC voltages with higher crest factors

50 long as the voltage range is not exceedéd. The lower the rms value of
the input voltage is relative to the selected measurement range, the higher
is the permissible crest factor:

”

Voltage range
Permissible crlest factor < 6 x Rms value of voltage being measured

For the manual setiing of veoltage range see section 2.3.3.6. The voltage
ranges are given in Table 2.2,

2.3.3.1.2 DC Measurements

The URE measures DC voltages in the range t}OO V, with a resclution of 1 uVv
in the most sensitive measurement range. Superimpesed AC voltages can be
suppressed by means of a low-pass filter of a highsr order which is swiltch-
selected with the measurement speed (see section 2.3.3.4).

By- simulteneously monltoring the input AC veltage a less sensitive measure-
ment range 1ls selected automatically if the limit values are exceeded.
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2:3.3.1.5 AC+DC Measurement

The URE measures the rms value of the total input voltage. For this purpose,
an AC measurement and a IC measurement are alternately carried out. The rms
value of the total input voltage is then obtained by square-law addition of
the twq components. Voltage components whose frequencies are less than the
lower cut-off frequency of the AC measuring circuit are not fully considered
(see section 2.3,3.4). |

2.3.3.2 Display of Measured Value

The manifold ealculation capabilities of the URE permit a test result to be
displayed in the usual units V, mV, dBV or dBm or relative to a reference
value. The associated keys V, 4BV and dBm(Z) as well as AV, A%, Ad4B and
V/REF are interactive and the selected indicating mode is illuminated on
the front panel.

The numerical value is read out on a 4 1/2-digit 7T-segment LED display.

A positlve sign is blanked. The result is not valid if the display blinks.
Blinking may be caused by the measurement or indicating'range‘being X~
ceeded, as in the indicating mode A% or V/REF. If only the last digit
blinks, the measured voltage 1s below the range of accurate‘measufement
for the instrument voltage range cut in. A lower voltage range must then
be switched in manually (see section 2.3.3.6).
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2:3:3.2.1 Indicating Modes V, dBV and dBEm

When selecting the indicating mode V, the result - depending on the magnitude
of the measured value - is read out in V or mV. The unit V or mV is also
selected automatically when cne of the measurement mode keys AC, DO or AC+IC
has been pressed. A displayed dBV and dBm value ("Vm") is calculated as

follows:

Vv
"Vm" dBV = 20 log 'Vm] Vﬁ = measured voltage
\Q?/Z ¥V = reference voltage
"Vm" dBn = 10 log Ton Z = reference impedance

The resolution of the displayed dBV or dBm value is 0.0l dB. The maximum
value indicated is +199.99 dBV/dBm.

A reference impedance Z of 0.0001 to 19999 R can be keyed in. The entered |
value 1s displayed when the RCL Z key is pressed. See sections 2.3.3.3 and
243:D6Ts1s

2e3e0.2.2 Relative Indication !AV, Qﬁ, AdB, VZBEE!

In relative measurements, the result displayed is the measured value relative
to a reference value. There are four possible indicating modes: difference
between measured volts and reference volts (AV key), deviation from reference
volts in % (A% key), logarithmic deviation (AdB key), and ratio of measured
to reference volts (V/REF key). The reference voltage can be keyed in V,

mV, dBV, or dBm., A display of the entered value is obtained by pressing

cthe RCL REFA key. See section 2.3.3.3 and 2.3.3.7.1. It is also possible

to use a measured value as a reference value.

The reference voltage 1s only required intermally for calculating the indi-
cated value. It can not be displayed unless it was entered as volts or mV.
The various values displayed are given by the following equations:

Display AV = VoV

REF
Displ 248 = 20 1 Y
splay - %8 ¥ v = measured volts
REF
vV -V V. = reference volts

Display A% = 7 REF 4 100 REF

REF

=

Display V/RERF vﬁEF
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Example: V = 10 V; reference voltage = 20 dBn; reference impedance = 50 .
The URE calculates the reference voltage by use of the formula
Vepp/50

20 dém = 10 log T v

to give vﬁEF = 2,236 V.

The above equations give the following indicated values:
Display AV = 7,764 V; Display A% = 347.2%; Display AdB = 13.01 dB;

Display V/REF = 4.472;

The resoluticn of measured values In the iﬁdicating modes A% and AJB is 0.01%
and 0.01 dB respectively, with maximum indicated values 119999% and 1199.99 dB.
It thg indicated value is > 199.99%, +the resolution is lessened. The indiecating
range for the ratio of measured to reference voltage is 0,001 to 19999.

To idéntify relative readoﬁts, the symbol A lights up in addition to V, oV,
% or dB as called for; when the ratio of measured to reference voltage “is

read @ut, only the symbel A lights up.

1
2.3.3.2,3 Tendency Indication

Feor qﬁick detection of changes in the indicated value, a number of IEDs are
arranged in a circle to provide a "tendeney indication". The lighted LED
correéponds to a particular indicated value, If the indication changes to

a higher value, the light spot travels clockwise and if the indication drops
to a lower value, the light spot travels counterclockwise. The tendency
1ndicat10n is also operative when the reference voltage or impedance is

read out and when the keys are switeched over to the second funetion. Thus

the input voltage can be constantly monitored.

Wwith AC and DC measurements the tendency indication 1s swiiched off.

2.3.3,3 Indication of Referemce Voltage and Reference Impedance

When the RCL REFA is pressed, the stored reference voltage for relative
measufements is displayed. When the RCL Z key is pressed, the reference
impedance for dPBm measurements is displayed. The selected key lights while
all other keys go out. The reference voltage is displayed in the unit in
which it was entered, i.e. in V, mV, dBV or dBm. During display of the
reference voltage or reference impedance, the measuring section of the URE

remains unchanged and autoranging and tendeney indication remain active.

R 40830 - 2.11



To reset the URE to the originally displayed measured value, the key involved,
RCL REFA or BCL 2, is simply pressed again. It is also possible to obtain a
new setting by pressing the function key AC, DC, or AC+IC, and key v, 4BV,
dBm(2), AV, A%, AdB or V/REF. |

2.3.3.4 Measurement Speed

The URE provides three measurement speeds:

SIoW (0.8/s), FAST (5/s) and SUPERFAST (50/s}. Switchover from SLOW to FAST
and vice versa is accomplished by means of the FAST key which l;ghts when
the FAST rate is selected. SUPERPFAST can be selected with the aid of service
fuﬁcfion 3 (see sectioﬁ 2.3.3.7.2). The SUPERFAST setting is indicated by a
light bar in front of the display. Because at SUPERFAST the measurement rate
is slightly influenced by the selected output unit, output in volts must be

set for maximum measurement speed.

is in volts. It can be selected with the ald of service function 3 (see
section 2.3.3.7.2)}. The SUFERFAST setting is indicated by a light bar in
front of the display.

The measurement rate iz ganged with the filtering of the DC voltage which

is applied to the A/D converter of the URE. The lower the selected measure-
ment rate is, the lower are the cut-off frequencies of the two smoothing
filters at the outputs of the AC and the IC measuring circuits. Hence, low=-
frequency voltages can only be measured at a slow rate, and the DC measuring
eireult suppresses AC voliages the more efficiently the lower the measure-
ment rate selected. Fig; 2-4 shows the frequency characteristic of the DC

measuring clrecuit as a function of the measurement rate.

L

Hz
NENEEAN
NENE \
\\ N

-60
SI.'GW \ FAST SUPFRFASI \

— %]r-

Fig. 2-4 Frequency characteristiic of the DC measuring ¢ircuit
as a function of the measurement rate
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In addition to the above-mentioned filtering of the rectified AC voltage,
the lower cutoff frequency of the AC measuring circult is selected together
with the measurement rate. The 3-dB cut-off frequency is 10 Hz at the SLOW,
100 Hz at the FAST and 1 kHz at the SUPERFAST measurement speed. Fig. 2-5
shows the frequency characteristic of the AC meésuring circuit as a function
of the measurement rate. Switchover of the lower cutoff frequency offers the
adv;ntage that transients such as occur during range switching may be

matched to the measurement rate.

Since the DC and the AC voltage components are measured alternately when
carrying out AC+DC measurement, the same applies with respect to ths in-
fluence of the measurement speed as has been said sbove.
£
Hz
41 1 10 100 1000

SUPERFAST _|

AL, AL+DC

-10

ACLC AC

B _ / > ‘/ _

Fig. 2-5 Frequency characteristic of the AC measuring cirouit
as a function of the measurement rate.

2.3.3.5 Switchable Low-pass Filter

For suppression of unwanted frequencies when measuring AC or AC+DC voltages,
the rectifier in the AC measuring circuit is preceded by a switchable low-
pass filter which can be cut in and out by means of the LOWPASS key. With
the filter cut in, three cut-off frequencies 4, 20 and 100 kHz are select-
able (3-dB points) in the order 4 kHz, 20 kHz, 100 kxHz, 4 kHz ... by
pressing the SELECT key. The selected cut-off frequency and LP/kHz are
Alluminated and the LOWPASS key lighted. The cut~off frequency setting is
not changed when the filter is swlitehed in and out or the measuring mode

is changed, When measuring DC voltage, the LOWPASS key and the cut-off
frequency display are unlighted.
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Since the low-pass filter used (2nd-order Butterworth filter) suppresses
interference voltages very effectively, an interference voltage in the
rejection region of the filter that is large in comparison with the voltage
being measured can result in the URE input circuits being overdriven.
As a rule of thumb, the components rejected by the filter should not be
greater than the components passed. If they are greater, a larger voltage
range must be selected manually (see section 2.3.3.6).
Pig. 2-6 shows the frequency response of the switchable low=pass filter.
i
iz
1 ] 5 10 n s 100 0 seo 1000
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e
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Fig. 2-6 Frequency response of the switchable low-pass filter

&>

2.%.3,6 Switching off Autoranging

The URE 1s a voltmeter with autoranging, the switching speed of autoranging
being matched to the measuremend speed, There are cases, however, where it

1s preferable to switeh off autoranging and maintain a fixed voltage range.
The RANGE HOLD key permits a voltage range selected by autoranging to be
maintained. It is also possible to select any desired range with the use
.of service function 2 (see section 2.3.3.7.2). In both cases, the RANGE
HOLD key lights. Automatic ranging can be switched back on by pressing the
RANGE HOLD key again or by changing the measurement mode.

Holding an automatically selected voltage range is useful when the input
voltage is swltched off momentarily and switchover to the most sensitive
range 1s to be avoided. Range selection with the use of service function 2
may be necessary to avoid overdriving of the emplifiers with the low-pass
filter swltched in. (See section 2.3.3.5 Switchable Low-pass Eilter).
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The measurement accuracy decreases very fast in the cése cf an undervoltage in
the AC or DC measuring cirecuit. Therefore, the last diglt of the display blinks
when the measured AC voltage is léss than 30% and the measured DC voltage is
less than 10% below the nominal value. Waen this range is exceeded, 1.e. when
the measurgd value is more than 20% above the nominal upper limit of the range,
or the AC-voltage proportion exceeds certain levels with DC measurements, the
whole display blinks. The URE then changes over to the next higher voltage range.
After the excessive voltage has been removed, the instrument returns to the
original range. The voltage ranges are listed in Table 2-2.

With AC+DC measurement the AC and the DC circuits are tested separately for
overvoltage and underveltage. The range limits for both eircuits are between
30% and 120% of the nominal upper limit of +he voltage range.

2.3.3.7 Second Functilons

The second funetions of the keyboard - blue engrévings on the keys - are
used for entering data, such as the reference voltages fop relative indica-
tions and the reference impedance for dBm measurements, as well as for
calling up service functions, such as autocalibration. Switchover to the
second functions is accomplished by means of the SHIFT key. This key lights
when the second functions-are selected; all other keys go out. The entire
measuring circuit remains unchanged and the tendené& indlcation and auto-
ranging remain aective., If the reference voltage or impedance is displayed

at the time the second functions are switched in, the URE then automatically

displays the last measured value.

2a03.7.1 HEntry of Reference Voltage and Reference Impedance

For dBnm measurements with the URE, a reference impedance must be entered
and for relative measurements a reference voltage. For each of these quanti-
ties, a store 1s provided, whose contents are overwritten by a new entry.

The store contents are not erased when the voltmeter is switched back on.
The reference impedance is entered in ohms () and for the reference voltage
V, mV, dBV or dBm can be chosen. -

To enter a reference voltage or reference impedance, key in the appropriate
number and unit, which are then displayed, and store the displayed entry by
pressing the STO key. The URE automatically identifies an & entry as a

reference impedance and a V, mV, dBYV of dBm entry as a reference voltage.
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If the URE accepts the entry when the STO key is pressed, it automatically
~ resumes 1ts last setting. If an entry is illegal, the URE first displays
the message

= _ I
L

and then resumes the setting it had prior to the pressing of the STO key.
Illegal entries are:

Reference voltage greater than +199.99 dBV/dBm
Reference impedance negative or equal to zero.

For entry of the desired values, the second functions of the URE keys
are used. These keys fall into two independent groups:

1) Numerical keys O to 9, decimal point key, +/- sign changecver key,
CLEAR key '

2) Unit keys, V/mV, dBV/dBm, Q.

The entry of the numerical value with the keys of group 1 is performed in
the same manner as with pocket calculators. The +/- sign can be changed
during the entry as desired and a faulty entry canh be corrected with the
CLEAR key. )

When pressing one of the unit keys, the first unit - V or dBV - is selected
unless it has already been displayed. If the latter is true, the second unit

- mV or dB - 1s selected. The unit can be changed during the entry as desired
and is not influenced by the CLEAR key.

Example: Entry of reference value of 150.1 mV.
Initially the URE is in normal operation,
display in V. After entry of reference value,
the URE is switched over to relative measwrement
- AdE,
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Keys Display

3.002 Vv
SHIPT .
3.002 V
1 ‘
1. Vv
5
15, V¥
C
1580, V
150. V
1
50,1 V
V/mv
150.1 mV
STO
3.002 V
Fatels]
' 26,02 4B

As this example shows, the readout present prior to the swiichover to the
second function is preserved. It could be used irmediately as the new reference
value by storing it with the STO key. This is alse the case if the URE was
previcusly set for a relative measurement, but in this case, the volt-value
corresponding to the readout would be stored with the 3TO key.

Example: Entry of the last value measured as reference value.
Initially the URE is in normal operation, display in V.
Then it is switched over to relative measurements - A% -,

After entry- display of reference value.

Keys Display

14,14 vV
RCL REFA 14.392 v
&%

"1 -75 %
SHIFT

-1.75 %
STO

0.00 %
RCL HEFA

14,14 v
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2e35.3.T+2 Service Functions

The service functions of the URE are special device functions. They are only
rarely required so that no particular key is provided for them. They are
called up by pressing the SHIFT key to activate the second functions of the
URE keys and then pressing the decimal point key "." three times in succession.
The readout on the display is then

and after entry of the required code, as given in Table 2-1, the seleected
funetion is executed. After execution of functions O to‘4, the URE resumes
its last setting.

Table 2+1 Service funetions

Code Funetion

@ Display test

1 Display of iEC—bus address

2 Seleetion of voltage range

3 Measurement speed SUFERFAST

4 Autocalibration see section 3.,3.1
5 Absolute value adjustment men 5.2.1.1
6 Rectifier adjustment ' v 5.2.1.1
7 Analog output - offset adjustment o 5.2.1.1
8 Analog output - amplifier adjustment " " 5.2.1.1
9 Reference voltage adjustment v 5.2.1.1

Example: Display of IEC-bus address

Keys Display

X0
SHIFT
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Service function O - display check - causes all indicating elements including'
the illuminated keys o light for about 3 s.

Service function 3 permits the measurement speed SUPERFAST to be selected. After
this, the FAST key lights up and in the left corner of the display an illuminated
bar appears. By pressing the FAST key, the URE is reset to FAST measurement

speed.
The service function 4 is dealt with in section 3.3.1.
The service functions 5 to 9 are dealt with in section 5.2.1.1.

Only service function 2 - selection of voltage range - will be discussed here.

Aftef pressing the code number 2 for this service function, the desired
range number, given in Table 2-2, is entered and the instrument goes over
into this measurement range. After resetting to measured value display, the
RANGE HOLD key lights. Since the DC measurement eireuit, owing to its en-
hanced dynamle characteristics, permits the voltage ranges to be graduated
in 20-dB steps, only those ranges that are not marked with an asterisk in
Table 2~2 can be selected for measuring IC voltages. If another range is
selected, the URE automatically switches over to the next higher DC range.
Note that prior to setting the voltage range, the measurement mode - AC, .
IC or AC+DC - must be selected.

Table 2-2 Range numbers for service function 2

Range number Measurement range

01 1 mvt)

02 3 wvt)

03 - 10 mv

ok 30 @V

05 100 mV

06 300 @)

o7 1v

08 3 vt)

0.5 icv

10 30 v

11 woev
12 . 300 V

+)Only possible for measuring AC and ACHDC voltages.
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Example:

Keys Display
| 000K
SHIFT
b oo ed
O.
0.
- SEpr -
2
2
o -
2 0_
7
2 o7
000X

2.3.3.8 Basic Setting

Setting of measurement range 1 V

The basic setting of the URE is automatically activated when the instrument
is switched on., This setting is also switched in via IEC-bus control with
the commands CL or ICL (Device Clear) or SDC (Selected Device Clear) (see

sections 2-3.4.3.1 and 203.1{'.5.2)-
The basic setting is as follows:

Measurement mode

Output of measured voltage in
Measurement speed

Low-pass filter

RANGE HOLD

AC
v
FAST
OFF
OFF

Furthermore, the IEC-bus interface is set to the delimiter CR+NL (Carriage

Alphanumeric data ocutput. (Ng) via IEC bus, and the URE operates without the

measuring time being reduced (Vg).

The basic setting corresponds to the following sequence of IEC-bus instructions

RA@, U¢, F1,

Ig, W3, Qg, Ng, V.

The reference voltage and the reference impedance are not affected by the

basic getting.
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2s3e3 Error Messages

The display

-
L1

followed by a hexadeeimal 1,,.F indicates that the URE is not funectioning
properly. The errors causing this display are described in section
5.2.1.2. By pressing a DISPIAY key, the error message display is

erased and data display selected. If the error occurs again, the error

message ls again displayed.

Regarding the display.

—_ 17
L]

see section 2.3.3.7.1.

Wheﬁ displaying the reference values {key RCL Z or RCL REF A) or vhen

changing over to the second funetions (key SHIFT) the error message remains

erased, and appears again only when switching over to date display.

2.3.4 - TEC-bus Contral of the URE

The URE may be fltted with a remote-control interface in accordance with

IEC Publ. 625-1 for connecting it inte an IEC-bus system for transfer of
setting and measurement data. This permits a2ll functions of the URE to be
remcte-controlled, The IEC-bus connector 20 (Fig., 2-T7) is located on the
rear panel of the URE. For retrofitting the IEC-bus optlon see section

2.)0‘}-

The Interface characterlstics of the IEC bus {eontrol lines, handshake
lines, data iines) as well as the data transfer seguence are laid down in
the relevant standards. The ASCII characters used for data transfer are
listed in Table 2-15,
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DI/0 OLI0 OGND GND GND LOGIC.
] ] 5 8 10 GND

DI/0 | DI/ [REN | GND | GND | GND
5 7 1"

13 14 15

16 17 18 18 20 21 22 23 24

8§ 10 11 12

DI*IO LI/0 | EOI |NRFD | IFC | ATN

DI/0 DI/0 DAV NDAC SRG SHIELD
2 4

Fig., 2-7

2.35.4,1 Settinz the Device Address/Talk Only Mode

The address switch (coding switches Al to A5) provides for setting the
device address in binary code. Table 2-14 shows the relationship between
device address, switeh positions, and ASCII characters for listener and
talker address. the URE is factory-set to device adﬁress Te

The Talk Only mode (see section 2.3.4.6) is also set by means of the address
switch with the extreme right coding switeh in TALKX ONLY position,

The setting of the address switch 15 read in at switch-on and by calling
up service function 1 (display of IEC~bus address) and read out on the
display (see section 2.2.4).
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2342 Interface Functions

The URE implements the following interface fimctions:

SH1 : Source handshake funection,
complete capability

AH] Acceptor handshake function,
complete capability

‘T5 Talker function, capability to answer serial poll,
unaddressing if MLA, Talk Only mode ‘

L4 Listener function, unaddressing if MTA

SR1 Service Request,
complete ecapability

RL1 Remote/local switchover function,

complete capability

DC1 Device Clear function,
complete capability

Tl . Device Trigger function,
‘complete capabllity

2.3.4. Device IEC-bus Instructions
These instructions can be subdivided into five groups:

1) Setting instructions (Tables 2-4 and 2-5)
Serve for setting the measurement and analysis cirecuit without initiating
a measurement.
Example: Setting of voltage range. '

2) Data entry instructions (Table 2-6)

Permit reference voltage and reference impedance to be entered.

3) Interface instructions {Table 2-7)
Serve for setiting IEC-bus interface.
Example: Selection of delimiter for data output.

4) Device trigger instructions (Table 2-8)
Initiate a device function at the accomplishment of which a result is
written inte the cutput buffer which can be output after addressing
talker. .
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5) Service instructions (Table 2-9)
Required for necessary adjustments or repalr of the device (see sections
Seess Houes Baua),
The service instruetions are of the same type as the setting and device
trigger instructions,

All IEC-bus device instructions consist of an alphanumeric header, the

numeric content, a separator, which separates several instructions from each
other, and delimiters which terminate a sequence of instructions (Table 2-3).
The header consists of one or two ASCII upper-case letters and é numeric part
of, in general, one or two digits. The numeric content may in addition to
numbers inelude decimal point, sign, and the upper-case letter E, for expo-
nent. Any of the delimiters may be used. Spaces may be used in the instruction
sequence.

Example of instruction sequence (Controller PUG):
IECOUT7, "instruetion 1, instruction 2, instruction 3" /CR/NL/

All the instructions recelved are checked for correct gyntax, and all the
data received are checked to see that they are within the limit values., If
errors are found, these Instructions are not executed and instead - after
the interface is set as required (Table 2-T) - a Service Request with
appropriate status-byte coding (Table 2-13) is generated.

2.53.4,3,1 Sett Instructions (Tables 2-4 and 2-

Cl activates the baslc setting of the URE (see section 2.3.3.8 Basic Setting)
and corresponds to the followlng sequence of instructions

RAZ, U@, F1, L@, W3, oF, Ng, V4.
With the instructions F@ to F2 the measurement speed of the URE 1s set
(see section 2.3.3.4 Measurement Speed).

With the instruetions L1 to I2 the low-pass filter in the AC eiroult is set
to the required limit frequency and is cut off again with instruection 14
(see section 2.3.3.5 Switchable Low-pass Filter).

With setting N in data output the numerical value 1s preceded by an .alpha=-
numeric header of six characters (see section 2.3.4.4). The header can be
suppressed with instruetion Nl.

Instructions UF to U6 determine the output unit (see sections 2.3.3.2.1,
2.3.3.2.2 and 2.,3.4.4).
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The instruections VZ to V2 allow for a compensation of the time delay between
the measurement voltage and the trigger instruection making thus optimum use
of the short measuring time in the SUPERFAST mode.

Example:
The URE receilves together with the voltage to be measured a trigger instruetion.
After the elapse of measurement time EM s the measurement value can be read

off from the output buffer.

If with respect to the voltage to be measured, the trigger instruction arrives
with a delay of 10 ms on the URE, the measurement value would be available at

the output buffer only after TM plus 10 ms.

With the instruction V2 the delay of 10 ms could be faken into account so that
.for the above example the measurement velue would also be available after TM
as referred to the measurement voltage. The accuracy of the result will not be
affeeted as long as the compensation time selected remains below the actual

delay tlme.
The instruction V¥, V1 or V2 remains active until change over.
With instruction V? the selected compensation time can be read.out.

With the Interface Ql set correspondihgly, the URE communicates Service Request
after receiving instruection V2. By decoding the status byte the compensation
time can be read out (see section 2.3.4.5.%. Service Request). '

With the instructions RA/range number/, RD/range number/ and RC/range number,
the function and voltage range are always set together. In contrast to key
control, the cutput unit is not affected when the function is changed. Since
the IC measuring circuit with 1its greater dynamic range permits division of
the measurement ranges in éO-dB steps, only the ranges not marked with an
asterisk in Table 2-5 can be set when measuring IC voltage., If an unpermitsed
range is selected, the URE automatiecally switches to the next higher measure-
mén£ range. Thus, for example, the instruections

RD1, RD2 and RT3

all have the same effect - they set fhe 10-mV range.
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2.3:4.3.2 Data Eutry Instructions (Table 2-6)

The data can be entered with or without exponent., The exponent may consist
of two diglts maximum and the (+/-) sign. The length of the mantissa can be
freely chosen. However, only so many characters are accepted as could be
entered in the display by hand (see section 2.3.3.T+1). A positive sign or
& zero before the decimal point can be entered or not. Spaces do not affect
the entry. )

Example: Entry of a reference value of 0,316 V.
The followlng instructions are all equivalent:
DVO/.316’ DVule' DV+¢.}16, DV ﬁ.}le‘ DV316E-3.

2,3.4.3.3 Interface Instructions (Table 2-

The delimiter of the data output is set by means of Wg,...,W8. Status-byte
coding in the case of a Service Request is described in section 2.3.4.5.4
(Table 2-13),

2.3.4.3.4 Device Trigmer Instructions (Tables 2-8 and 2-9)

Like the universal instruction GET (see section 2.3.4.5.3), the trigger
fnstruction X1 causes the URE to start a measurement at the selected settings
-and store the result in the output buffer, With the interface set appropria-

tely, a Service Request is sent at the end of the measurement.

The instruction X2 has the same effect as X1 or GET with the difference that

the measured value 1s used as reference value,
Two special features of X2 should in addition be high-lighted:

If one of the relative units (control character U3.44U6) 1s selected for the
output unit, the measired value obtained by instruction X2 is expressed relative
to the original reference value. The reference value produced by X2 is used for
the evaluation of measured values only after subsequent triggering. This

1s due to the following measurement ecyecle of the URE:

1. Measurement

2. Evaluation vith the (original) reference value

3. Transferring measured value to output buffer

4. Storing measured value as (new) reference value

If the control character X2 is used, 1t should always be sent before the
terminator since the URE is inhibited for further commands or the reception of
X2. In other words, with setting commands sent after X2 the IEC bus remains
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blocked until X2 is processed (i.e. 1.2 s for SLOW speed of measurement).

The instruetion X3 is not an inhibiting instruction in the real sense, but
it sets the URE so that a command for measurement from the controller initiastes

triggering.

Example (PPC):

IECOUT?, "¥3" (setting up trigger loglc)

TECINT, A2 (triggering and read in of measured value °

for variable AZ)

The instruetion X3 offers the advantage of doing away with the special trigger
instruction‘(XI, X2, GET) vhich brings about a higher speed of measurement.

ILike X3 the instruction X4 is a setting instruction and performs sequence
measurements, i.e. the URE starts a measurement by itself and continues with the
next provided that the previous measurement is completed. This enables to attailn

the highest pcésible speed of measuremenf.
The settings of X3 and X4 can be reset with the contrel character XZ.

The instructions Z@ and Z1 cause the URE %to store the reference voltage or

reference impedance in the output buffer.

The instructions SA, ..., SP permit device calibraticn data and error numbers
to be stored in the output buffer (see seetlon 5.2.1.2). By talker address,
the output buffer can be read oﬁt, but only onece. No instruetion may be sent
between the trigger instructions and talker address. The output data format
is deseribed in section 2.3.4.14,

2.3,4.3.5 Service Instructions (Table 2-9)

These instructions serve the same purpose as their corresponding service

functions. For more details see sections 3.3.1 and 5.2.1.1.

Sinece autocalibration of the URE tzkes several seconds, the service instruction
S84 should only be sent alcne or at the end of an instruction sequence, This pre-

vents the IEC bus from being blocked while the instruetion is belng executed.
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Table 2-3 Separator and delimiters

Symbol Name ASCII decimal equiwvalent Application

; Komma 44 Separator between
: individual instructions

CR Carriage Return 13

NL New Line 10

ETX 3

Table 204 Setting instructions

Instruction code Function

cl ‘ _Basic setting

FO SLOW

Fl FAST Measurement speed

P2 SUPERFAST

L0 OFF Low-pass filter

L1 4 kHz

L2 20 kHz

L3 100 kHz

N Output with .

N1 Output without Alphanumeric header

uo v

Ul dBv

U2 dBm

u3 AV Output unit

U4 A%

us AdB

[8{3) V/REF

ve @ ms (25 ms) (Int. gettling time)*

vi 5 mg (20 ms) Compensation time with

va 10 ms (15 ms) trigger delay

v? Recquest for {Service request with correspondingly

compensation time set status bye)

RA/range number/ aAC

RD/range number/ | DC Function + voltage range

RC/range number/ AC+DC

* The term "internal settling time™ designates an internal wait time
(25/20/15 ms) of the control processor during which the analog hardware
is able to settle to steady state so that a correct indication is ob-
tained. This wait time can be shortened by 0/5/10 ms using VOQ/V1/v2.
This does of course not change the settling time of the analog hardware

(see 2.3.4.3.1).
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Table 25
/Range number/

Setting instructiocns - range numbers

Measurement range

Yo~ v o

+)

Autoranging
+ )
1 mV+)
3 mV
10 mv
30 mv+)
100 mV
300 mv*)
1V
3 v+

0V
30 v
100 V

300 V

© Only when measuring AC or AC+DC

Table 2-6 Data entry instructions

Instruction code

Funetion

DV/data/ Reference voltage in V
DB/data/ Reference voltage in' dBV
DM/data/ Reference voltage in dBm _
DZ/data/ Reference impedance in ohms (Q)
Table 2-T7 Interface instructions
Instruction code Function

WO NL

Wl CR

w2 ETX

W3 CR+NL

Wi EOI Delimiters

W5 NI+ECI

W6 CR+EOI

W7 ET+ECT

w8 CR+NL+EOTI

Q0 Ne SRQ

Q1 SRQ,

H1 (see section 2.3.4.5.5)

R 40830 - 2.29



Table 2-8 Device trigger instructions

Instruction code

Funetleon

Xg

-Reset funetion for instruction
X3 and X4 h

X Trigger instruction =GET

xXo Trigger instruction plus transferring
measurement value as reference value

3 Setting instruetion for triggering with
request for measurement -

X4 Setting instruction for sequence of
measurement

Z0 Cutput reference voltage

21 Output reference impedance

Table 2-0 Service instruetions

Instruction code

Funection

80 Display check

S1 Reference voltage adjustment 100 mV

Sz Reference voltage adjustment 1 V

33 Reference voltage adjustment 10 V

S4 Autoccalibration

S5 Absolute value adjustment

s6 Rectifler adjustment

37 Analog output - offset adjustment

S8 Analog output - gain adjustment

SA 1

SB 2

s¢ 3

3D 4

SE 5

SF 6 Display of calibration data

3G T of measurement range

SH 8

SI 9

SJ 10

SK i1

SL 12

SM 13

SN 14

30 Display of linearity coefficient of
rectifier

3P Display of error number
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2.3,4.4  Data Output

The‘URE can output the measured data, the reference voltage, the reference impe-
dance, the error number, and the devige calibration data. The output format 1s the
same for the Talk Only mode and the talker status after having been addressed by
the controller. The output may either be a numerical value (control character N1)
or a numerical value with a preceding six character alphanumeric header (control
character Ng). The numerical value is preceded by a total of six characters (Fig.
2-8), namely two characters for the measuring function (Table 2-10, three charac-
ters for the unit (Table 2-11), and che character for identifying the output data
vwhen the measurement range is exceeded or the reference value is output, ete.,
(Table 2—125.'The code H is displayed not only for overrange but also when auto-
ranging of the URE 1s stopped after several unsuccessful search of range.

[ l | L 1 L T . ]
— v 4 — v  my— —y : 4
. ™
N , Numerical value
Alpha-
numeric
Identification of header
ocutput data
Unit
Measuring function _I

Fig. 2-8 Data output format

The numericel value is generally not output with exponent. The exponent E-3 is
added only 1if mV is displayed.
Example: Output of valid measured data 177.3 mV (DC)

DCV=a=1T7.%5 E=-3

Cutput of measured data 12.17 dBm (AC) if below range limit
ACDEMU12.17

Cutput of reference value 9,502 V
==V-=R9.502

The data output is terminated by the set delimiter (Table 2-7).

Table 2-10 Coding of measuring function for data output

Code : Measuring funection

AC AC

D¢ ' DC _: Space

CC AC+DC

- Output of reference voltage, reference impedance

or calibration value
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Table 2-11 Output unit coding

Code Output unit

Ve V

DBV dBv

DEM dBm

V- Fa\'3 ' % Space
D%~ &%

DDB ' AdB

REL V/REF

CHM Q

— with calibration value

Table 2-12 Identification_of output data '
Code - Funetlon ‘

- Valid measured data

H .| Above range limit

o Overflow of readout . Space

R Reference voltage/Reference impedance /Calibration velue
U Below range limit

2.3.4.5 Group of Addressed and Universal Instructions

2.3.4,5,1 Remote(Loeal

If the URE recelves 1ts listener address from a controller, it will switch
over to the remote state in accordance with the standard and remain in this
state even after completion of the data transfer. All the operating controls
on the front panel are disabled in the remote state but displays and the
illumination of the keys remain operative. The analog output also remains
operative. The remote state is indicated by REM and by

LIS (URE addressed as a listener),
TAL (URE addressed as a talker), or
SRQ (URE sends Service Request)

lighting up. This permits the state of the interface function to be checked,
which 18 particularly useful for testing purposes. If the instruction GTL
(Go to Local) is received, or if the LOCAL key is pressed, the URE switches
to the local state and can then be set manually.

The indication REM disappears; LIS and TAL remain operative.

If the key LOCAL is not inhibited (see below), 1t has priority over the IEC
bus, This means that a transfer to the bus can be- interrupted by LOCAL. With
the URE in TALK mode, activating the key LOCAL before sending the delimiter
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ean even block the IEC bus. The key LOCAL ecan be blocked by the controller with
the command IIO (Loecal Lockout).

For the change of status ‘remote = local - remete the settings

0F, AN
Ng, N1
WE ... WB
Ve ... V2

are retained.

2.3.4.5.2 Device Clear

If the controller sends the universal instruction DXL (Device Clear) or the
addressed instruction SIC (Selected Device.Clear), the URE assumes its
basic setting (see section 2.3.3.8). The basic setting is also activated on
switche-on of the URE or if the IEC-bus instruction Cl is issued.

2.3.4.5.3 Device Trigger

On‘receiving the addressed instruction GET (Group Execute Trigger), the URE
starts immediately a measurement at the selected setting. This trigger in=-
struction corresponds to the device trigger instruction X1 {see section
2.3.4.3.4), |

2.3.4.5.4 Service Request

Setting the SRQ'(Service Request) line enables the URE to request service
from the controller. This proves useful when the end of a measurement, an
autocalibration, or a fault is to be communicated to the controller. The
instructions QF and Q1 (Table 2-7) permit the interface tc be set accordinély.

If the controller execuies a Serial Poll after having received a Service
Request, 1t can determine the device status that caused the ilssue of the
Service Request by decoding the status byte (Fig. 2-9 and Table 2-13).

bg by bg bg by by by by

Coding

Ready/Busy

Abnormal,/Normal

Service Request bit

Extension
Fig. 2-9 Status hyte
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Table 2.13

Device status

Status byte coding

Status byte

Decimal equivalent

End of measurement -

End of autoecalihration
without error

LEHLHLLLL

LELHLLLH

80

81

Compensation time
7 ms
5 ms
10 ms

LELHLLHL
LHLHLLHH
LEHLHLHLL

82
83
8k

End of autoecalibration
with error

Syntax error in
JEC-bus instruction

Incorrect input data

Talker address without
previous trigger

Improper function of
 hardware

2.3.4.5.5

LHEHLLLH

LEHHLLLLL
LEHLLLHL

LEHEHLLLHH

LHHEHLLHLL

Notes for CEM Computer Users

113

96
58

29

100

Since the CHVM computer processés INPUT commends asynchronously after 64 mg

(version 82), errors may well occur in the data transfer from URE to the con-
troller. If the URE is transferring the 5% character while the computer'stops the .
INFUT, the URE ccntinues with the second character for the next TALK address

80 that the string read in to the computer does nhot contain the first character.
For this reascn, the URE can be programmed with the instruction Hl such that

the transfer begins with the' first character on TALK eddressing. The instruction
Hl sheuld only be applied to the CEM computer so that transfer of part of a

string remains possible for other controllers. Hl can be made inactive using

the instruetions
c1 (Basic setting)
DCL (Device clear)

aDc (Selected device clear)

as well as by switching off and on the URE.

then using CB! computers (version 1982) it should also be noted that the URE

uses delimiter CR (instruction W1).
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Setting the device address

Table 2-14

Decimal.

equivalerit

—

. + ;
O123.4567890123.&:567‘890123&.567.890
A A A A A A A AU NN AN QAR

m mm HIE A A e T T I 3 I 1 I 3 0 T 0 T I T T i I
m mm HR I B I I Y T I T e i T I T T e] R e ] T
M mﬂ F A A AR T T e 3 T I T 1 2 T T M T T ) 4T 143 T i i
m mm FUE T T 33 3 i I I O O A Y o3 0T o1 30T o3 3 0 T i A i
La] R . .
|22 MEREGAAAE AR08 3w i i i o i e
ul
] B8l .
g1 45 @ABCDEFGHIJKLMNOPQRSTUVWXYZT.]Aﬂ
5l ds
&
&8s
Q O u )
gaol|w
0l 88 SR A T st ol eNO A AUNT INO OO eV A
&) ndg n -
3] e is] [¥2]
<{da|2

Factory-set

- 235
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ISO 7-bit code (ASCII code}

Table 2-15

A

(935)

m:omm
aNYWWO)

AMVANDI3S

VAN

(S HINO¥HL Z NWNI0D) 13SBNS ISNIA (D)
ONVWWOD A¥VANODIS SIFINdDIY ()
[o1a = 29" *°10ig = 'q @

F9VSSIW JIVAYILNL = 9sw O :s310N

(93d) 4N0OHTY ANVWWOD AHVYWIYd

VAN

(9v1) (9v7) Mwuav (99v)
4noyd dnoyd no¥o dno¥d
$538qay $$3%0ayY ANVHWOD aNYWHOD
XL ETYR _® TVYSYIAIND ©  43ISSINCAY
N .
T30 | § o — 1 i o | wn | ¢ A / sn IS stoJufufu]i
§ " m ¥ < N ¥ < : 3 0s mpnnn
= { = w E t = W S = = - $9 e et Jujofdft
z ! z ! w“ \ w 7 w > > ’ $4 44 o fefeu]r
S >
= ) z 1 o ) A A o ! o + 253 1A u [tft]o]t
o z g f @ z o r & : a | = ans N L oo Jolt]oft
m x o : i A m ) m P m ( Jasst w3 | 101 | m 6 Jifefo]t
m ¥ m y = X 2 H 2 8 - ) 3ds | Nv2 | 139 59 8 jojofoft
| h 3
I ™ o . o M o 9 o 4 o ; 813 138 A RRL
= » “ ] P A <] 4 2 9 2 L NAS IEE A ERINRE
- < = = =
| o n o e 0 n n 3 o S n % Ndd | NVN |gDdd | DN3 ¢ jrjojrjo
e ' o P 1 g y t f a | o0 | das | 103 v [ofo]ifo
s ]8> g B € " £3d xt3a | ¢ [t]i]e]o
! § ¥ 8 t " 2a X1$ t |oft]folo
b -0 ] Y | I 01| 1Da | 19 [ HoS 1 Jifejo]o
‘ B | . d I | @ y 0 I | dS 14 N b0 Jojafo]o] &
. ¥ moy]
! 9 ; ] € z ! o [ i
1 0 t 0 1 0 . t 0 ~.— 5
95K L, | osw Lol oW o, | osw | o, | osw b, | osw to | osw | "o, @omz 0, | == W

CI=NLY HLIM 03A13238 ONY 1N3S)
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2.3.4.6 Data Output in Talk Only Mode

For the printout of measurement data without an IEC-bus controller, the data
ean be output via the IEC~bus connectormto a Listen Only device having an
IEC-625 interface. For this, the device'u&ed. for example a printer, is set
to LISTEN ONLY and the URE to TALK ONLY (see section 2.3.%4.1).

In this operating mode, the URE is operated from the fromt panel and any of
the data displayed can be output to the Listen Only device by preasing the
LOCAL key; The coding 1s described in section 2.3.4.4., The delimiter setting
is fixed, each oufput being terminated by CR + NL (Carriage Return + New
Line), '

2.3.4.7 Retrofitting the IEC-bus Option

The IEC-bus option retrofitting kit consists of the following items (see
Figs. 2-11 and 2-12):

ea IEC interface 1'

ea IEC board 4

ea locking secrew 2

ea lock washer 3

ea llght bar medule 10.

= OO e e

For mounting the IEC-bus optiocn, refer to Figs. 2-11 and 2-12. Performance
checking is described in section 3....

- Loosen the four Phillips-head screws holding the top and bottom covers

of the URE and remove covers,

- Press'out the plastic cover of the IEC-bus connector opening on the rear
panel l-_o

- PFasten the IEC board 4 to the rear panel by means of the two locking

screws 2 and the two lock washers 3.
- Connect the two flat cables 8 to the IEC interface 7.

- Mount the IEC interface T on the computer board 5 by inserting the three
latching plugs in the holes provided énd connect the female multli-way

connector 6.

- Remove the display filter 9 aftef loosening the two Phillips-head screws.
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- TInsert the light bar module 10 into the socket provided for this purpose.

The mounting position is irrelevant but make sure that the module is

flush with the display window,
2.5, Analog Cutput
The Analog Output Optlon permits a DC voltage proportional to the indicated
value to be output. This voltage 1s produced by means of a 12-bit D/A con-
verter at the display rate, 1.e. when the URE is operated via the IEC bus
the voltage value can only be renewed by initiating a measurement. The
operating range of the output voltage is -2 to +2 V with a resolution of
1 2V (Zoyg = 100 o). The output is referred to the earth comductor, not
to the outer contact of the input socket.
The relationship between the output voltage and the display is given by the &_/
following equation:

Output voltage - Displayed value without decimal point

v 10 Q00

Example:

Display Output voltage

11.500 Vv +1.150 V

-37 » 25 dBV' —0 0372 V

1.1%% +0.011 V
When changing over to the second key functioh or when the reference voltage
and reference impedance are displayed, there is still a voltage output
‘corresponding to the measured value. -
The fact that the output voltage 1s related to the displayed value and not
to the measured voltage offers interesting possibilities:
Lin. output, absolute (V)
Lin. output, normalized ‘ (V/REF, &%)
Lin. output, with/without offset (Aav, A%)
Log. output (dBV, dBm)
Log. output, with/without offset (AdB).
It should be borne in mind that output voltage jumps may be caused if the
number of display digits is changed due to range switching or change of
display format. Range switching caused by voltages below the range limit

w
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can be avolded by means of the RANGE HOLD key or by direct setting by means
of service function 2 (see section 2.3.3.6). However, if *he test voltage
changes are considerable, the dlsplay should be switched over to 4BV, dBm,
AdB or A%. In the logarithmiec display mode, the resolution is always 0,01 dB,

l.e. the output voltage changes by 10 mV 1f the measured value changes by 1 4B.

The indicating range from -199.99 to +199.99 (dBV, dBm, AdB) covers the
entire measurement range of the URE., In the indicating mode A%, the resolu-
tlon is constant within the range from -199.99 to +199.99% and is 0.01%,
so that the output voltage over this range changes by 10 mV if the measured
value changes by_l%.

2.3.5.1 __Retrofitting the Analog Qutput Option

The analog output option retrofitting kit consists of the following items
(see Fig. 2. 13):

1 ea DC output board 9
1l ea connecting cable 10
2 ea socket including accessories 1, 2, 3, 4, 5, 6.

For mounting the analog output option, refer to Fig. 2-13, Readjustment of
the voltmeter is not required. For performance checking see section 3....

~ Remove top cover of the URE after loosening four Phillips-head screws.
- Press out the two plugs in the socket openings.

- Mount the two sockets 1. Observe correct sequence when assembling the
individual parts.

- Mount the DC output board 9 on the computer board 7 by inserting the four
latching plugs in the holes provided and connect the female multi-way

connector 8.

- Plug the connecting cable 10 onto ST10. Be careful to mateh the contacts,
Pin 2 of 8T10 is marked.

- OSolder the free ends of the connecting cable 10 to the two sockets 1.
Observe colour coding.
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3. Maintenance

.1 Measuri Equioment Required
See Table 3-16 in Appendix.

3.2 Check of Voltmeter Operation

RMS Voltmeter URE 1s specified for operation in the temperature range +5o
to +45°C (IEC-359 Applications Class 1).

The toleranees for the measured values given in this section apply to the
limited temperature range +15D to +30°C as laid down in seetion 1 of URE
Data Sheet.

The test procedures of this section apply for the entire operating tempera=-
ture range of the URE and may be used, if necessary, with the extended
tolerances given in the Data Sheet.

The AC supply voltage must lie within +10% of the nominal value to which the
instrument has been set {section 2.2.3).

Except when otherwise specified, the instrument settings are made mahually
(i.e. not by means of an IEC-bus controller),

To check the nominal values of the URE 2 minimum warm-up time
of 30 minutes must be allowed for.

a2l Check of Display and Xey Functions

3.2.1.1 Displays

When service function O 1s . called (section 2.3.3.7.2), all indicaticns,
ineluding the key 1llumination, must light (Fig. 2-9). The return to the

measurement mode occurs automatically after 3 seconds.

Note:
The 1lluminated display for remote status is included in the URE only when
the IEC-bus option is built-in.

202-1]2 Kezs

The proper functioning of all keys must be checked,
Initial URE settings: SHIFT key not activated
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Key Input

Funetion

Indication

AC
Dc
AC+DC

RCL Z

RCL REF

RANGE HOLD

FAST £>100 Hz

LOW PASS

SELECT

dBm (2)

LV

AdB -

V/REF

SHIFT

STO

AC measurement
DC measurement
AC+DC measurement

Display of stored
reference impedance

Display of stored
reference voltage

Automatic range
selection disabled

Switch~over of
measuring speed

Measuring bandwidth
limited

Switech-in of low-
rass cutoff frequency
aBv indicatiqn

dBm indication
Voltage indication
Relative voltage
indlcation

% indieation

dB indication

Relative indication

Switch-over to the
second functions

Storage of reference
voltage and impedance,
return to measuring
function

AC key lights
DC key lights
AC+DClkey lights

RCL Z key lights, other
Xey illumination is off

RCL REFA key lights, other
key 1llumination is off

RANGE HOLD key lights
FAST key lights

LOW PASS key lights,
LP/kHz display lights
Illuminated display:

4 =—> 20 or 20 — 100

or 100 —= 4

dBV in display area lights
dBm in display area lights

mV or V in display area
lights

mvV or V and A in display
area light

% and A in display area light

dB and A in display area
light

A in display area lights

SHIFT key lights, other kay
illumination is off

SHIFT key illumination
switeched off
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Fe2a2 Check of AC Measurement Characteristics

The test setups are shown in Figs. 3-1, 3-2 and 3-3 at end of this section.

5.2.2.1 Error Q;mits in Voltage Measurements at Lower Frequencies

URE settings:

Operating mode: AC

Dlsplay mode: v

Pilters: LOW PASS out, SLOW (FAST out)

Procedure A, For measured voltages > 30 mV, setup of Fig. 3-1:

- Adjust AC voltage and frequency at the AC calibrator and apply to
.URE test terminal.

- Check the URE indicated values according to Table 3-1.
Procedure B, TPor measured voltages < 0 mV, setup of Fig. 3-2:
- Set attenuation box to 20 dB.

- At a frequeney of 10 kHz, adjust the output voltage of the signal generator
so that the URE indication has the same value that it has when the AC cali-
brator in procedure A is set to 100 mV at 10 kHz.

- Keep signal-generator output level unchanged. Check by maintaining the
power-meter DC voltage output constant, as monltored by the digital
voltmeter.

- Check the URE indications for the specified settings of the atienuation

box as glven in Table 3-2.
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Table 3-=1

URE range Test voltage URE measu=- URE indication
selection and frequency rement Nomlnal Permitted
‘ range value deviation
Set on
AC calibrator
Automatic
(RANGE HOLD 80 mv 10 Hz (100 mV 80,00 mV +2%
off) 100 Hz 80.00 mV +0.5%
1 kHz 80.00 mv +0.5%
10 kHz 80,00 mv +0.5%
100 kHz | 80.00 mv 10.5%
RANGE HOLD 80 mV 100 kHz {100 mV +)
100 mv 10 kHz |100 mV 100,00 mV +0.5%
Automatic 200 oV 10 kHz (300 v 200.0 mv +0.5% +)'
316.2 niV 10 kHz 300 mV 316.2 niv +0.5%
800mv 100Hz | 1V .8000 V +0.5%
1 kHz .8000 Vv ¥0.5%
10 kHz .8000 V +0.5%
100 kHz .8000 V +0.5%
RANGE HOLD 800 mV 100 kHz| 1V )
1V 10 kHz{ 1V 1.0000 V- +0.5%
Automatic 2V 10 KHz| 3V 2.000 V +0.5%
RANGE HOLD 2V 10 kHz| 3V
3.162V 10 kHz| 3 V 3.162 V +0.5%
Automatic 8 v 10 kHz | 10 V 8.000 V +0.5%
RANGE HOLD 8 v 10 kHz | 10 V
10V 10 kHz | 10V 10.000 V +0.5%
Automatic 20 V 10 kHz | 30 V 20.00 V +0.5%
8oV 100 Hz (100 V 80.00 V ¥0.5%
1 kHz 80.00 V +0.5%
10 ¥Hz 80.00 V +0.5%
100 kHz 80.00 V +0.5%
300 V 20 kHz 1300 V 300.0 V ¥0.5%
+)

The indicated voltage serves

measurements up to 20 MHz in

as reference value for wldeband voltage
the particular measurement range.
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Table 3-2

URE range Test voltage and URE measu- URE indication
selection | frequency rement Nominal Permitted
_range value deviation
Set on signal | Atienu-
generator ator box
setting
Automatic 8o mv 10 kHz 20 dB 100 mV
RANCE HOLD| 1CO mV 10 kHz 20 dB 100 mv 100.00 mV ;-_0.5%
Adjust to reference value obtained in _
previous calibration (see note under Table 3-1)
Automatic 0.1 mV 10 kHz |80 dB 1 mV .100 mV +(0.5% +15 uv)
0.3162 mV 10 kHz |70 dB 1 mV 316 mv | #(0.5% +4 uV)
1 mV 10 kHz |60 dB 1 mv 1.000 mV | ¥(0.5% +1 uV)
3,162 mV 10 kHz (50 dB 3 mv 3.162 mV ¥0.5%
10 mV 10 kHz [40 dB 10 mV 10.000 mV F0.5%
31,62 mV 10 kHz |30 dB 30 mv 31,62 mV | ¥0.5%
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5.2.2.2 Error Tdmits in Voltage Measurements at Higher Frequencies

URE settings:

Operating mode: AC

Display mode: v

Filters: TOW PASS out, SLOW in (= FAST out)

Measurement range: Set by use of service function 2 (section 2.3.3.7.2)

with entry of range number as given in Table 3-3.

Test Procedure A, For measured voltages < 1V

Use setup of Fig. 3-2.

- Set attenuation box to value given in Table 3-3.

- At 10 kHz, adjust the signal-generator output level so that the URE .
indication has the refevence value (identified in section 3.2.2.,1 by )
for the URE voltage measurement range involved.

- Keep the signal-generator output level unchanged. Check by maintaining
the power-meter DC output veoltage constant, as monitored on the digital
voltmeter,

- Check the URE indlcation against the value in Tdble 3-3.

Test Procedure B, For measured voltages from 1 V to 10V

Use setup of Fig. 3-35.

- Set the attenuator or the 10 dB power attenuator of the test setup to
the values gilven in Table 35-3.

N

- Adjust the signal-generator output level at 10 kHz so that the URE
indication has the reference value (as given in section 3.2.2.1 for

the measurement range lnvolved.

- Keep IC output voltage of power meter at the 10-kHz value for all
frequencies given in Table 3-3.

- Check the URE indication agalnst the value in Table 3-3.
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Table 3-3

| URE range | Test voltage : ' [URE measu- URE indication
j number and frequency rement |Nominal Permitted
? . setting |range value deviation
Signal genera- Attenua-~
tor settiing tor
setting
05 100 mV 10 kHz | 20 B [100 mV 100,00 uV | +0.5%
AdJust URE indication to reference value obtained in
calibration.
100 mV 200 kHz { 20 dB {100 mV 100.00 mV | +0.7%
1 MHz ' 100.00 mV | ¥0.7%
3 MHz - [100.00 mV | +1.5%
10 MHz 100.00 mV 3';4%
20 MH=z 100.00 mV tlo% typ.
( Ok4 31.62 mV 10 kHz | 30 dB 30 mV 31.62 mV | +0.5%
10 MHz 31.62 mV | +4%
o> 10 mV 10 kHz | 40 4B 10 mV 10.000 mV | +0.5%
: 10 MHz 10.000 mV | +4%
c2 3.162 mV 10 kHz | 50 dB 5 mV 3,162 mV | +0.5%
200 kHz 3 mv 34162 mV | +0.7%
1 MHz 3.162 mV | ¥0.7%
3 MHz | . 3,162 mv | +3% :
20 MHz 3.162 mV ﬁ15% typ.
o1 1 mv 10 kHz 1 mv 1.000 mV| +(0.5% +1 V)
10 MHz 1.000 mV| £7%
06 316,2 mV 10 kHz | 10 dB  |300 mV 316.2 mV| +0.5% .
AdJust URE indication to reference value obtained |in
. calibration.
b
: 316.2 mVv 10 MHz 10 dB 300 mV 316.2 mV t#%
o7 1V 10kHz | O dB 1V 1.0000 V| +0.5%
Adjust URE indication to reference value cbtained|in
calibration.
1V 200 kHz | O dB 1V 1.0000 V| +0.7%
‘ 1 MHz 1.0000 V fO.T%
3 Miz 1.0000 V| ¥1.5%
10 MHiz 1.0000 V| T4%
20 MHz ' 1.0000 V flo% typ.
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URE range | Test voltage URE measu~ URE indication

number ahd frequency | rement Nominal Permitted
setting : range value deviation
Signal genera- Attenus-
tor setting tor
setting
08 3.162 V 10 kHz | 10 dB 3V 3.162 V| +0.5%

Adjust URE indicatién to reference value obtained
in calibration.

3,162 V¥ 10 MHz 10 4B 3V 3.162 V 4%
(3 wW)

09 10 V 10 kHz 10 dB 10V 10.000 V 4_-0.5%
(3 w)
+10 dB
attenua-
tor

Adjust URE indication to reference value obtained
in calibration.

10V 1MHz | 10dB |10V 10,000 V | +0.7%
3w
+10"dB
attenua-|
‘ tor .
3 MHz 10.000 V +1.5%
10 MHz 10.000 V | +4%
10 10 V 10 kHz 30 v 10,00 V +0.5%
1 MHz 10.00 V F0.7%
10 MHz 10.00 Vv FL4%

«2el2. Switchable Low-pass Filter

URE settings:

Operatling mode: AC

Display modes: V and AdB

Filters: SLOW (FAST out)

Measurement range: Set 100 mV range by use of service function 2
(section 2.3.3.7.2) with entry of range number 05.

Test procedurs:? Test setup as in Fig. 5-1.

- Apply a sinewave signal of the required frequency from the AC calibrator
%o the URE.

- Switch in the lew-pass filter and set cuteff frequency specifled
in Table 5-4,

- Check the URE indication against the value in Table 3-4.
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Table 3-4

URE settings Test voltage URE indication " Iiluminated
| and frequeney Nominal Permitted display fiela
- value deviation
LOW PASS out 100 mV 100 Hz |100.00 mV |+0.5% *
LOW PASS in )
SELECT 4 kHz 100 mV 100 Hz [100.00 mV | +0.5% LP/kHz &4

Store indicated value as reference, with SHIFT, STO.

Display mode AAB | 100 mV 100 Hz 0.00 dB | +0,02 4B 1P/kHz 4
1 xH= 0.00 aB +0.04 dB typ.
4 kHg | -3.00 dB| 30,7 dB
8 kHz |~-12,00 dB | +1 dB typ.

SELECT 20 KkHz,

Display mode V 100 mV 100 Hz  100.00 mV +0.5% +) LP/kHz 20

Store indicated value as reference, with SHIFT, STO.

Display mode AdB | 100 mV 100 Hz 0.00 dB | +0.02 4B ‘
4 xHz | 0.00 4B | +0.04 dB typ.

20 kHz | -3.00 dB|x0,7 dB
40 kHz 1-12.00 dB tl dB typ.

SELECT 100 kHz
 Display mode V 100 mV 100 Hz 100,00 mV | +0.5% LP/xHz 100

Store indicated value as reference, with SHIFT, STO.

+)

Display mode AdB! 100 mV 100 Hz 0.00 dB | +0,02 dB LP/kHz 100
20 kHz| 0.00 dB| +0.04 dB typ.
100 kHz| -3.00 aB| 0,7 dB
200 kHz |=12.0C 4B tl dB typ.

+) Typical deviation of the four settings from one another < 0.05%.

3,0,2.4  Speed Selection of AC Measurements

Check of switching characteristics of the lower cutoff frequencies and
assoclated filtering of the rectified AC voltage.

URE settings:

Operating mode: AC

Display mode: v

Measurement range: Set 100 mV range by use of service function 2
(section 2.3.3.7.2) with entry of range number 05.
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Test Procedure:

Test setup of Fig. 3-l:

- Set the AC calibrator to the required frequency and sinuscidal voltage

and apply signal to URE input.

- Seléct measuring speeds as given in Table 3-5.

- Check the URE indicatlons against values given in Table 3-5.

Table 5-5
URE setting Test voltage URE indlcatlon Deviation
and frequency Nominal Permitted | range
value deviation

SLOW 100 mV 10 Hz 100,00 oV te% t2 digits
(= FAST out)

100 Hz 100,00 mV | +0.5% +)

10 kHz | 100.00 mV | ¥0.5%
FAST 100 Hz 100.00 mV tl% il digit

50 Hz 100.00 mV +10 diglts typ.

1 ¥Hz | 100.00 mV | +0.5% )

10 kHz | 100.00 mV -_::0.5%
SUPERFAST 1 kHz | 100,00 mV fl% +1 digit
(set manually 500 Hz 100,00 mV ! ¥10 digits typ.
with use of =
service )
function 3) 10 XHz | 100,00 mV | +0.5%

)
Typical deviation of the three settings from
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3,225 Measurement Rectifier

3,2.2.5.1 Linearity of Measured Values

URE settings:

Operating mode: AC

Display mode: v

Flters: 10W PASS out, FAST

Measurement range: Set 1 V range by use of service functlon 2
(seetion 2.3.3.7.2) and entry of range
number 07 . |

Test procedure: Test setup of Fig. 3-1

- Set the AC calibrator to a frequency of 10 kiz and the required
sinusoidal voltage to 1 V and apply the signal te URE input.

Indication on URE: 1.0000 V + 0.5 %
- Store indicated value by first pressing the SHIFT key and subsequently the
STO key. ' - '

~ Select the relative funection V/REF on the URE
-~ Change input voltage of URE and check the linearity of the measured values
against Table 3-6.

Table 3-6
Test voltage (at 10 kHz) URE indication
. ' Nominal value Permitted deviation
1.1V 1.1000 V +0.1%
1.0V 1.0000 V ¥0.01% (reference value)
0.9V .5000 V +0.1% '
0.8V .8000 v +0.1%
0.7V .7000 V +0.1%
0.6 V 6000 V +0,1%
0.5V .5000.V +0.1%.
0.4V 4000 V +0.1%
0.3V .3000 v+) +0.1% typ.
0.2V +2000 V. +0.2% typ.
0.1V .1000 V +0.5% typ.

+)Blinking of the rightmost digit signifies thet the measurement was not made
with the optimal measurement range (measured voltage below lower limit of
measurement range).
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3.,2,2.5.2  Error Limits in RMS Measurements

URE settings: As in section 3,.,2.2.5.l.
Test procedure: Test setup Flg. 3-4,

T junction 30 R _
G -, -——i ~0 kAD_; ___0_4
Sinewave~ | Calorimetric , Digital
burst power meter voltmeter
generator URE
Test item :
v :
Form of i ' gero
test signal —1" ¢ offset
| A—
Burst — e
duration . Sinewave
-+— Perlod of burst —

- AdJjust the level .of a continuous 10-kHz sinewave at the generator so
that the URE indication 1s the same as that obtained with the 10-kHz,
1,1-V signal from the AC callibrator in the test of section 3.2.2.5.1.

Note the value of the power-meter output as reference value for further
measurements.

- Switeh the generator to the burst output mode and set the burst fre-
quéncy to 100 Hz. Set the burst duratibn to the value given in Table
3-7 (check with oscilloscope) and adjust the generator output level
so that the digital voltmeter attains the reference value obtained in
previous adjustment,

- Check the URE indication against the value in Table 3-7T.
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Table 3-7

2243

Check of DC Measurement Characteristics

3,2.3.1 Error Limits in DC Voltage Measurements

URE settlings:
Operating mode:
Display mode:
Filters:

Measurement range:

Test Procedure:

oC

v

FAST

automatic (RANGE HOLD out)

Test setup Flg. 3-5.

Form of test Crest Test URE indication
signal factor voltage | Nominal | Permitted|deviation
Vp/Vrms] Vrms | value absolute |relative to
singwave

siﬁewave, )
continuous V2 117 | 1.0000 v | +0.5% *)

*) Adjust to reference value of AC calibration.
sinewave bursts, 2 1.1V 1.1000 V tO.S% +0.1%
burst duration:
5 ms
sinewave bursts, 3 1.1V 1.1000 V | +0.5% - +0.2%
burst duration: -
2a2 mS
sinewave bursts, 5 1.1V | 1,1000 V{ +3.5% 3%
burst duration:
0.8 ms

BNC cable Voltage adjustment
Q ‘ C URE for Vpr
I > 100mV
oc Adapter Test item
calibratar Banana/BNC
50 R
200 Voltage adjustment
——O— URE for VDE
=100mV
BNC
pc Attenuator Feed-through Test item
calibrator set fermination
Digital voltmeter
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R)

For test voltages > 100 mV:

~ Adjust DC=-calibrator voltage and apply to URE input.

- Check the URE indications against values in Table 3-8.

B) For test voltages < 100 mV:
- Insert attenuation box and 50 feed-through termination
between DC callbrator and URE input.
= Set DC calibrator te 1 V in the 10-V range.
- Set the attenuation box to the value given in Table 3-8 and
measure the URE input voltage wilith a digltal voltmeter.
- Check the URE indication against the value in Table 3-8.
Table 3-8
Cutput voltage Attenuator | IC test URE measure-| URE indication
of DC calibrator | setting voltage ment range |Nominal | Permitted
‘ value deviation
- - ov 10 mv .000 mV; +10 digits
only 50
termina-
tion at URE
approx. 0.8 V 40 4B 8 mv 10 mv 8.000 mv f(o.l% +
10 digits)
Set DC ecalibrator to nominal value of Input voltage.
80 mv - 80 mv 100 mVv 80.00 mV | +(0.1% +
10 digits)
0.8V - 0.8V 1V 8000 V t(O.l% +
10 aigits)
8 v - 8 v 10V 8.000 V | +(0.1% +
0 digits)
8o v - 80 v 100 v 80,00 V | +(0.1% +
10 digits)
300V - 300 V 300V 300.0 V t(o.l% +
IC digits)
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5,2.3.,2 Speed Selection of DC Measurements and AC Suppression

URE settings:
Operating mode: DC
Display mode: v
Measurement range: Set 1V range by use of service function 2
(section 2.3.3.7.2) with entry of range number 07.
Test procedure: Test setups as in Fig. 3-5 (section 3.2.3.1) and
Fig. 3=1.

Set the DC~calibrator voltage and apply to URE test input.

- Set the measuring speed (filter) on the URE according to Table 35-9.

- Set sinewave to 0.3 V and the specified frequency on AC calibrator and
apply to URE input.

- Check the URE indication against value in Table 3-9 for the given
measuring speed and frequency.

Table 3-9
" URE setting Test signal URE indication
Nominal value | Permitted deviatlon
ST.OW 1VIC 1.0000 V +(0.,1% + 10 digits)
0.3 V 10 Hz | .0000 V 100 digits +(2 digits typ.
as ripple)
FAST 1VIC 1.0000 V +(0.1% +10 aigits)
0.3 V 100 Hz .0000 V +10 digits +(2 digits typ.
as ripple)
SUPERFAST 1V IC 1.0000 V +(0.1% +10 digits}
(Set with use 0.3 V 1 kHz ,0000 V 10 digits +(2 digits typ.
of service - as ripple)
funetion 3)
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3.2.4 Check of AC+DC Measurement Characteristics

URE settings:

Operating mode: AC+DC

Display mode: \2 .

Pilters: LOW PASS, SELECT 100 kHz, FAST

Test procedure:? Test setup of Figs. 3-1 and 3-5 (section 3e2.3.1):

- Apply the signals from the AC and DC calibrators to URE input.

- Check the URE indlcation against the values in Table 3-10,

Table 3-10
URE range settlng Input URE indication
Nominal value |Permitted deviation

automatic 1V 10 kHz | 1.0000 V +(0.5% +10 digits)
(RANGE HOLD out)
RANGE HOLD 1V 10 kHz

1V IC 1.0000 V t(°'5% +10 digits)
3.2.5 ~_Check of Input Impedance

The input impedance of the URE is 10 MQ te% for DC and low-frequency AC
inputs.

The check is unnecessary if the error limits of the AC and DC measurement
ranges lie within the permitted deviatlons.

Only the input capacitance is to be checked.

URE settings:

Operating mode: AC or AC+DC

Filters: FAST

Measurement range: Manually set by use of service function 2
with input of range number specified in
Table 3=11.

Test procedure:
- Connect capacitance meter to URE input through a short, shielded lead.
- Set the URE voltage measuring range as glven in Table 3-~11.

- Measure the input capacitance.
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Table 3-11

URE setting Measurement range Input capacitance

Range number _Typical Permitted
05 © 100 mV 55 pF < 40 pF
o7 1V 32 pF < 40 pF

3,2.6 Check of Relative Functions
See also sections 2.3.3.2:1, 2:3:3.2.2, 2:3:353 and 2.3.3.7«1.

3,2.6,1 Storage of Reference Value and Reference TImpedance

URE settings:

SHIFT key: not activated
Operating mode: AC

Display mode: V

Filters: LOAd PASS out, FAST

Measurement range: automatic (RANGE HOLD out)

lTest procedure: Test setup of PFig. 3-1:

- Apply a 10-KkHz, 0.5-V sineﬁave from the AC calibrator to URE input.
- Read off the URE indication.

Tests:
The indicated value must be retained by operating the SHIPT key.
By operating the STO key (second functions level), the retained value is to

be stored as reference value for the relative funetions AV, A%, AdB and

V/REF.
= Switch off input voltage.

- Switch off the URE, walt at least ten seconds, and switch it on again.
The stored reference value must be displayed when the REC KEFA key is

pressed.
- Check this several times as in the above step with varying walt times.

The storage of a test value and of a reference voltage or impedance
entered via the keyboard is done in the same way, so that the method of

checking the stored reference value is as before.
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2.2.6.2 Check of dBm, 4BV and AdB ranges

See also sections 2.3.3.2.1 and 2.3.3.2.2.

URE settings: See section 3.2.6.1,
Test procedure: Test setuh of Fig. >-1:

- Set a 10-kHz sinewave in the AC calibrator to the level given in
Table 3-12 and apply to URE input.

- Check the URE indication against the value in Table 5-12.
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Table 3-12
URE setting/entry Test voltage URE indication
Nominal Permitted
value deviation
Display mode V Set to nominal 22%.6 mV -
URE indication
Store 50  as reference|(no change}
impedance (section
2e3e3.2.1) 50. @
Display mode dBEm .00 dBm -
~ Store 500 Q as
reference impedance 500. & -
Display mode dBm 20,00 dEm +0.02 dBm
Display mode V Set to nominal 1.0000 V -
:URE indlecation
Display mode 4BV (no change) .00 dBV +0.02 dBV
Store measured value
as reference, using
SHIFT, STO. .00 4BV +0.02 dB
Display mode AdB .00 dBAa t0.02 dB
Store 1000 2 as
reference impedance 1000, & -
Display mode dBEm .00 dBm +0.02 dBm



3.2.7
(with built-in IEC-bus option URE-BL)

Check of IEC-bus Interface

See also section 2.3.%.

A)

B)

c)

D)

Setting of Address:

Set device address 7 on the rear panel of URE (Table 2-14).

When Service function 1 is called (section 2,3.3.7.2), the URE
displays the device address in the form I E C 7. If the TALK ONLY
mode is in use, IEC to appears in the display. In both cases, the

URE returns to the measuring mode automatically after 2 seconds.

A changed address setting or a switchover from TALK~-ONLY to NORMAL is
read in either after the URE is switched off and then on again or when

service function 1 is called again. The new setting or meode goes into

effect only after this has been done.

Remote Control and Cutput of data via IEC-bus:

Conmect IEC-bus controller to URE via IEC=bus connector.

Check all URE functions with the setting instructions according to
section 2.3.4.

Check the remote-status indication - REM, LIS, TAL, SR display.

Check of Ioeal Function:

Switch thé URE to the remote status by Listener-addressing via the
TEC-bus controller {without sending the LLO = loeal lockout).
Check the remote-~status display REM and LIS.

When the LOCAL key of the URE is pressed, the URE must return to
local (manual-operation).

Check that the remote-status- display (REM and LIS) goes out.

Check of TALK ONLY:

Switeh to TALK ONLY mode on rear panel of URE.

Connect an IEC-bus compatible printer with LISTEN-ONLY selected

to the URE via an IEC-bus cable.

When the URE LOCAL key is pressed, the measured or reference value
displayed on the URE is transferred via the IEC-bus interface and
printed. Only one value may be output for every stroke of the Local
key.
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3.2.8 Check of Analog Qutput

(with built-in analog output option URE-B2) ~—
URE settings:

Operating mode: DC

Display mode: v

Fllters: FAST

Voltage measurement range: Set 1 V range by means of service functilon 2

(section 2.3.3.7.2) and entry of range number 07.

Test procedure:

Apply a IC voltage from the DC callbrator to URE test input.
Set DC voltage level to nominal value given in Table 35-13.

Connect a digltal volimeter to analog output of URE.

N
- Check analog voltage against value given in Table 3-13.
Table 3«13
Displayed value Voltage at analog output
on URE Nominal value Permitted deviation
1.0000 V +1.0000 V +2 mVv
-1.0000 V -1.0000 V | 2 wv
L0000 V oV +2 mv
3.3 Electrical Maintenahce
No periodic electrical maintenance is required if the instrument 1is used
in normal operating conditiens, To insure full functioning, it is o
recommended that the unit be put through an autocalibration cycle now and
then and that the lithium buffer battery and the reference voltages be
checked every year or two.
R
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Bedel “Autocallbration

The URE is provided with a microprocessor-controlled self-calibration routine
which permits an exact determination of the amplification characteristies,
the voltage divider factors, the rectiflecation characteristic of the rms=-
value rectifier and the analog-to-digltal conversion factors. These parameter
values are determined by comparison with reference DC voltages and from
derived AC voltages. The parameters are evaluated by the microprocessor and
then stored in a CMOS-RAM. When the URE is switched off, power for the CMOS-
RAM is supplied by a buffer battery. Stored autocalibration values can thus

be preserved for years.

Autocalibration can be initiated manually by use of service funetion 4 and
via the IEC-bus. |

With normal operation of the URE, frequent autocalibrations are not required,
since the functional groups of the URE have a high inherent stability.

An autocalibration eyele is required

- to check the functioning of the analog and computer modules - for

-

example for system use.

- after replacement of the buffer battery supplying the CMOS-RAM (see
section 3.3.2).

- after every repair according to sectlon 5.
Preconditions for performing an autocalibration:

~ Ambient temperature +20o to +25°C,
- URE fully warmed up to the operating temperature - switched on for at

least 30 minutes.

If exceptionally, as in IEC-bus measurement systems, these conditions are

deviated from, an increase in error limits is to be expected.

Switeh off input signal,

Remove top cover 4fter removing four Phillips-head screws.

Pull off shorting link BU33 on the computer board.

Call service function 4 (sections 2.3.3.7.2 and 2.3.4.3.5, Table 2-9}.
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The display C A L appears on the URE.

The autocalibration routine is completed in 20 seconds and the URE returns

automatically to the measurement function.

- Replace shorting link BU33.

e el Cheek of TLithium Buffer Battery

A CMOS-RAM with buffer battery provides for the preservation of stored
reference and calibration values when the URE is shut off.

The lithium battery has a life expectance of typically 10 years. A check
of the battery should be made every two years as follows:

- Switch of URE.
-~ Remove upper cover after loosening four Phillips=-head screws.

- Measure the battery voltage with a digital voltmeter.
Voltage of battery when new: 3.67 V nominal;
Permissible voltage level: > 3.2 V.

To replace the lithium battery,

- Cut the fastenlng strap and uﬁsolder the connections.
- TInstall new battery (BAl with fastening strap).

- Replace URE cover.

- SBwiteh on URE.

- After 30 minutes warm-up, perform an autocalibration per section 3.3.1.

Deded Check of Reference Voltages

Since the DC reference voltages used in the autocalibration determine to a
large extent the error limits of the URE, they should be checked occasionally.
This can conveniently be done when the lithium battery 1s checked, at

intervals of one or two years.

The conditions for checking these voltages and possibly adjusting them are
covered in sections 5.,2.7.7 and 5.3.1.1.



3 A Mechanical Maintenhance

With normal operating conditions, the URE does not reguire any mechanical

malntenance.
The following recommendations are, however, made:

If the front panel becomes soiled, it can be cleaned with a soft rag
moistened with alcohol.

All screws, cables and plug-in units should be firmly seated. The connection
of the outer conductor of the BNC socket with the ground of the analog cir-
cult must be sound.

3.5 Storage

The URE. can be sStored for longer perilods at temperatures between 52500 and
+70°C (IEC-359 Application Class 1).

After prolonged storage at high hunidities, the instrument should be dried
out in the switched-off state at a temperature of about 40°C before being

placed in operatlon.
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BNC cable
o) —D- URE
; L_ Banana/BNC
AC calibrater adapter Test item

Fig. 3-1 AC test setup
Sinewave Vepr: 30 mV to 300 V

Frequency: 10 Hz to 100 kHz {1 MHz)
Calorimetriec - Digital
voltmeter
50 Q power metgr .
T=junction
50
Signal , Q
generator . | >0 .
URE
| Attenuator Test item
50 0

BNC feed=-through
termination

PMg. 3-2 AC test setup
Sinewave Vre: 50 uv to 1 V
Frequencys 10 kHz to 20 MHz
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Signal
generator

Fig- 3"3

Power Calorimetric  Digital
attenuator power meter voltmeter
T-juniction 50 R 50 2 — l —
‘ B o W y -
i A
- {
- |
URE Attenuator
Test item 50 O

AC test setup
Sinewave Vappt 1 V to 10V
Frequency: 10 kHz to 20 MHz






4. __Punctional Description

4.1 Overall Funection ‘
See Block diagram, Fig. 4-1, and Circuit diagram 342.1214 s,

RMS Voltmeter URE consists of the analog, digital and display/operation

funetional groups.

In the analog section, the input signal being measured is first processed
according to its voltage level in input dividers, wideband amplifiers and

range attenuation elements.

The DC aﬁd AC components of the input signal are then separately processed
in the DC and AC measurement circuits. The AC circuit inecludes switchable
low-pass filters for limiting the measurement bandwidth, switchable high-
pass flliers for eliminating the IC component and adapting the circuit to
the measurement speed, a wideband push~pull amplifier, and a square-law

measurement rectifier with switchable active filters.

In the IC cireuit, the DC component is amplified and the AC component at the
same time suppressed wlth switchable active filter.

The outputs of the two measurement circuits can be alternately switched into a

microprocessor controlled A/D converter.

The URE can thus measure the value of the DC component alone, the BMS (or
effective) value of the AC component, or the RMS value of the combined AC+DC
signal.

The measurement circults are calibrated automatically under mlcroprocessor

control by use of AC and DC reference voltages produced in the analog section.

All analog functions are remotely controllable via analog switches (FET,
relays). By the transmission of all control signals over optical couplers
and through the use of a separate power supply, the analog section is
electrically isolated from the computer section and the instrument chassis.

In the digital section, the microprocessor system consisting of an 8085 micro-
processor and peripheral ICs, controls the overall operation of the URE.

The functions performed are as follows:
- Output of the setting data for the analog section via RAM/Port IC 8155.

- Control of the analog~to-digital conversion by setting a 16-bit D/A con-

verter in binary steps and interrogating a comparator.
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- Computation of measurement, reference and calibration. values and outputting
to the display and/or IEC-bus IC.

- Storage and preservation of reference andg calibration values in the CMOS-
RAM. '

- OQutput of display data (digits, 1lluminated fields, key illumination) and
interrogation of the keys in time-multiplex operation via peripheral
IC 8279.

- Input and output of data via the IEC=-bus interface IC 8291A to establish
Listener or Talker mode in IEC-bus systems. :

~ Control of a 12-bit D/A converter supplying the analog output.

The system program for the microprocessor is stored in four EPROMs of type
2732 with a total capaclty of 16 K x 8 bits.

In addition to the microprocessor system, the digital board contains the
power supply for the digital, display/operation and analog sectlons as well
as the optocouplers for the voltage-isolated transmission of control and
interrogation information te and from the analog part.

The IEC-bus and analog-output optlons are assigned to the digital section
as functional plug-in units.

The display/operation section contains the keyboard and the LED display .
system with the 4-1/2-place digital display, the clreoularly arranged quasi-
analog display, the illuminated displays and key illumination. The inputs
to the displays and the interrogation of the keys are time-multiplexed via
the computer board by the display-keyboard IC 8279 and microprocessor.

The power supply, consisting of the power switch, combination mains-connector,
voltage-selector, fuse holder and power transformer is mounted on the rear

panel.
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4,2 Computer Board
Circuit Diagram 342.2010 S

The microprocessor Bl provides the overall control of RMS Voltmeter URE.

To deflne the start of program executibn, about 100 ms after instrument
swltch-on, the processor receives a signal on its reset terminal from the
5-V voltage monitor T12, B38.

The microprocessor system clock is provided by the squarewave generator with
6-MHz erystal oscillator Q1 integrated in the Bl, The derived 3-MHz clock
provided on the Bl clock output 1s used for synchronous control of the
peripherals.

Microprocessor 8085 transmits the low-order byte of the address bus and the

8 bits of the data bus in time-multiplexed operation., The low~order address-
byte is selected by the ALE signal of the microprocessor via octal latch B24
as address buffer store. The complete 16-blit address bus is formed from the

buffer-stored address byte A@-A7 and address byte A8-Al5 on terminals 21-28

of the 8085,

The assignment of the 16-bit address blocks to the memeries and system
peripherals is done by decoding address bits Al2, Al3 and Al4 in decoder
B2l (Fig. 4-2).

The executlon sequence of the microprocessor system is determined by the
program stored in the EPROMs Bl7-B20, which have a total capacity of 16K
bytes.

The main memory of the microprocessor consists of the 1K x 4 bit CMOS-RAM Be2
and 256 x 8 bit RAM of peripheral IC B2. When the URE is switched off, the
Lithium buffer battery BALl supplies the power teeded by the CMOS-RAM. The
stored reference and calibration values of the URE are thus preserved.

The program and main memory are accessed via the 8-bit data bus of the
microprocessor under control of the RD and WR lines. The direction of data
transfer 1s controlled by line RD to data-bus driver B25.

The input and output of control information occurs via the input/output
ports of peripheral IC B2. The state of line Al5 routed to terminal Io/M
determines whether the input/output ports or the RAM area of IC B2 is

addressed.
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PA@-PAT are programmed as output ports and serve for the transmission of all
setting data te the analog section via drivers Bl and Bl4 and optoecouplers
B4-Bl2. PERJ-PES are also output ports and are used for outputtlng a voltage
value at the analog output (Option URE-BR).

PB7 can be interrogated as an ilnput port. It serves for the recognition of
the plug-in status of socket BU33. For measurements, BU35 is plugged to ST33.
For service operation the shorting bridge BU33 must be removed. The micro-
processor notes the service status via PB7 and enables the call of special
service funections.

If the IEC-bus option is present, the micfoprocessor reads in the IEC-bus
address set on the address switch via B2 ports PC@-PC4 after the instrument
is switched on. This also occurs after a call of service function 1 for a
display of the IEC-bus address. At the same time, the NORMAL/TALK-ONLY switch
setting is detected via port PCH.

For the function setting of the analog section, the processor delivers
binary coded data to the B-bit port A of IC B2. These signals are trans-
mitted to the analog section via the optocoupler interface, decoded after
application of an enabling pulse, and transferred to the buffer stores for
the function setting. The enabling pulse i1s provided by the microprocessor
“to the analog sectlon via the serial output port SOD and optocoupler Bi4.

During the microprocessor-controlled analog-to-diglital conversion, the
microprocessor reads in the status of the comparator from the analog section
via the serial input port SID and optocoupler B3. Dependent on this informa-
tion, the position information for the 16-bit D/A converter is output via
port A of BZ.

Peripheral IC Bl6 notes by means of its selection logic when a key has
been pressed and causes the microprocessor via interrupt line R3TS.5 to
read in the code of the selected key via the data bus. Unit Bl6 also
provides the complete output control in time-multiplex operation for the
LED display elements.

The Bl6 clock ocutput signal‘Rsﬁ from pin 32 also controls the TIMER input

Ti of IC B2. The TIMER is programmed so that output TO has a frequency 1/7-th
that of the Ti signal. The 119.579-Hz pulse signal controls interrupt input
R3T7.5 of the microprocessor. For the SLOW setting of URE measurement apeed,
the microprocessor is caused to request measured values from the analog
sectlon synchronous with the timing of the control signal at RST7.5. This

serves for exact acquisition of measured values for digital I'iltering.
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4.2.1 Power Supply

In addition to the complete micrbpréceésor system, the computer board contains
the rectifying clrouits and #oltage regulator for the supply voltages to the

computer, display/operation and analog sections.

The éomputer requires only the 5-V supply stabllized in B34. When the URE is
switched off, the power for the CMOS-RAM B22 is supplied by the lithium
battery BAl. In this quiescent condition, the CMOS-RAM draws a minimum
current at about > V and retains the stored data. When the URE is switched
on, the CMOS-RAM is supplied from the 5-V supply via R16, G17 and Gll.

Switchover from one mode to the other occurs automatically via Gl2 and G17.

¢

The input voliage of the 5-V regulator B34 is monitored by Glli4 via R7O,
G18, R50 and Ti2. |

The monitoring cireuit has a response threshold of about 9.5 V at rectifier
G114, Below this level the 5-V regulator and hence the microprocessor operate
satisfactorily. Below this threshold, transistor Tl12 is blocked and prevents,
via D381 and B32II, erronecus writing into or erasing of data in the CMOS-RAM
while the URE is switched off. When the latter is switched on, the monitoring
circuit enables the CMOS-RAM for writiné and a reset pulse via R38 initiates
the start of the microprocessor. The reset pulse is also sent during service
operation at the end of a sighature analysis, via B32II, C52 and B38II1TI, IV.
These circuit features assure the protection of the reference and calibration
data stored in the CMOS-RAM.

The power supplies of the analog section, ineluding rectifier G115 and series
regulator B35, B36, B37 for stabilizing the 5-V, +15-V and -15-V supplies,
are fed from the various windings of the power transformer. The windings

are furthermore separated by double screéning in the transformer from the

mains and the digital section.

4,2.2 IEC-bus Interface (Option URE-B1)
Circult Diagram 342,2910 5

IC Bl (8291 A) is commected with the microprocessor data bus and permits
data interchange with the peripheral devices via the IEC-625 interface on

the rear panel of the instrument.

Data transfer in both directions is provided for, under interrupt control,
via the wrlte and read reglsters of IEC-bus IC Bl. The standard termination
of the eight data lines, five control lines and three handshake lines is
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provided by the bidirectional drivers B2 - B5, which are connected via
BUS5/STS and flat cable with the IEC-bus board and the 24-contact IEC-bus
socket BU7. The IEC-bus address is set in 5-bit code by means of switch S25
on the rear panel of the instrumept. The URE can thus be assigned any
primary address from decimal O to 30. An additional setting of switch S25
permits the choice between addressed IEC-bus transfer (NORMAL function)

and the TALK-ONLY function. In the latter case, a value displayed on the
URE can be output to a LISTEN-ONLY device of the bus system without
addressing by pressing a key on the URE.

4.2.3 Signature Analysis

A signature analysis is provided in the URE for checking the mieroprocessor

system.

The signature analysis 1s activated by repositioning the shorting bridge
BU19 on ST19.2/3. This causes the processor to cyclically run through its

entlire address space.

The data transfer from processor to program memory is in this case inter-
rupted by bus driver B25, and driver B26 is activated and generates a NOP
instruction with every read cycle of the processof. The start-stop signals
for the signature analyzer are derived dlrectly from the address bus via
B27 IV,

For the signature analysis of the data bus ontly statiocnary memory data
may be used, in order to obtain unequiveoeal indications as to the funetion-
ing of the circuit.

During the signature analysis, readout of data from peripherals 8155, 8279
and 8291A is therefore prevented via gate units B32 III, B3l II, RD=-
connection and from the CMOS-RAM via B32 III, B32 I, B32 II, CE-connection.
After completion of the signature analysis, repositioning of shorting
bridge BUl9 results in a reset pulse to the microprocessor via B32 III,
€52, B38 III and B38 IV,
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424 Analog Qutput (Option URE-B2)
Circuit Diagram 342,2810 S

In every display cycle a corresponding DC voltage is applied to the analog
output.

A display value computed by the processor in binary form is divided by 10
and transmitted in two steps of 6 bits each via output port PB@-PB6 of

IC 8155. The intermediate storage in unit BlY4 provides the 12-bit input for
D/A converter Bl5, which thus provides an analog output of 1 mV/least
significant bit at analog output BUL/BU2, The voltage output range lies
between -2,048 V and +2.047 V. Potentiometers R43 and R4S are used for the

exact adjustment of the D/A converter.

The +15-V inputs to the D/A converter are derived from the 5-V regulated
supply of the computer section via converter circuit B33, T13, Ti5, TRL
with 18-kHz frequency, appropriate transformation, rectification and stabi-

lization with B31 and B32.

4.3 Display Board
Circuit Diagram 342,2410 S

The display board ¢ontains
- +the URE operating ke&s,
- the 4-1/2-place 7-segment LED digital display for measured-value output,

- the 1lluminated display of measured-value units, lowe-pass funetion and

IEC«bus remote status,
- 12 LEDs for the clrcularly arranged guasi-analog display.

The reading of the keyhoard and outputting of the display information is
done in time-multiplex operation viz the display-keyboard IC 8279 and the

microprocessor.

For key recognition, IC 8279 generates clock signals on RSP-RS2 derived
from the 3-MHz microprocessor clock, After decoding in Bll, the signals are
applied to ke& matrix S1-S18 which is sampled every 4.8 msec with a pulse
width of 0.6 msee for each selection line. If a key is pressed, the clock
signals go onto ohe of the return leads R1O, R11l, Rl2 which are in turn
interrogated by the 8279. After recognition of a pressed key, the 8279
reports the event.via the interrupt line to the processor, which can read
in the key code as determined by a matrix vid the data bus. The 8279
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provides for an electronic debounce of the key contacts and so assures an
error-free input.

The signals on RSP-RS3 are decoded in the #4-in-16- line decoder B10 for output
to the front-panel display elements.

The drive signals for the LED groups such as the 7-segment digital display
Bl-BE5 and illumination fields B6, B7 are supplied via 15 output lines. The
key illumination Gll5 - Gl22 and Gl 25 is fed in each case via two select-
able lines, one of which yields an enhanced illumination,

For the activation of a single segment of an LED group, an 8-bit signal is
sent from the 8279 to the display board via lines Ag-A% and BY-B3,

To every line is assigned a specific segment of the group. The segment is
activated via driver transistors T10 to T17

By synchronous control of the group- and segment-selection signals, each
individual segment of the LED display can be activated.

By periodic activation avery 9.6 msec, it is assured that the display
elements do not flicker.

4.4 Analog Board
Circuit Diagram 342,2210 S

2,4,1 Switching Functions

The analog board has the function of brocessing the voltage being measured.
It comprises the following circult functions:

- Input swiltchover

- Input amplifier

- Range divider

-~ Buffer amplifier

- Low-pass-filter switching

- High-pass~filter switching

=~ Push~pull amplifier

- Measurement rectifier with filtering
- DC amplifier

- Comparator and 16-bit D/A converter for microprocessor-controlled
A/D conversion

- IC and AC reference-voltage sources for microprocessor-controlled
autocalibration of the analog section

R 39589 - 4.10



- Decoder and intermediate storage for the control signals of the analog
section provided by the microprogesspr,via output poris

- Level converter for activation of analog switching functions.

4.4.1,1 Input Switchover

For AC voltage measurements, capacitor C6 in the input cilreuit separates the
DC component of the incoming signal. In the D¢ and AC+DC operating modes,
this capacitor is shorted out by relay RS1,. Depending on its size, the input
signal is passed via relay RS2 to the high-resistance 10-M input—voltagé
divider with the 1-dB step or the divider with the 41-dB/61-dB step.

Trimmers C8, Cl13 and ClS serve for frequency-characteristic compensation
- in the low-frequency range and potentiometer R4 for correction in the higher

frequency range of the URE.

MOSFETs T35l - T%3 switch the three divider outputs to the Wideband input
amplifier (Table 4.2),

In DC and AC+IC measurements, an offset comparison of the amplifier branch
is made periodically. Depending on the measurement range, resistor R118 may
thus be switched to the amplifier input through relay RS3 (see section
4.,4.2.3). In the 1-dB divider stage, FET diodes in the input network to-
gether with R14, C16 and C18 1limit the input voltage range to protect the
analog switech and input amplifier.

4.4.1.2 Input Amplifier

This amplifier, with high-impedance FET input stage T6, 1s designed as an
operational amplifier with differential stages. Dual-transistor TH serves
as active load for the FET input stage.

To match the measurement sensitivity of the URE, the input amplifier is
svitchable to 6-dB and 26-dB gain via analog switch B4O (Table 4-2).

The gain values are determined by feedback resistors R80 - R82 and are
adjusted at the upper band limit with trimmers C21, C24.

With use of the 8-bit D/A converter B2 II, B3 and R4S - B58, the offset
voltage can be automatically adjusted under microprocessor econtrol. The
microprocessor thus changes the input data to the D/A converter in binary
steps until the offset voltage of the entire DC measurement section does

not exceed the limit set by the 8~bit resolution.
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4.4.1.3 Range Divider

The low-resistance range divider with attenuation levels 0/10/20/30 dB8 pro-
vides addltional matching to the large dynamic range of the input voltage.
From the various combinations of the input divider and input amplifier, a
division of the URE input voltage range into twelve 10-dB subranges is
brought about (Fig. 4-4, Table 4-2).

4,%.,1.4 Buffer Amplifier

The buffer amplifier, consisting of IC B9 and transistors Ti8, T19, T21, T22
and T30 amplifies the divider output signal by 4.5 dB. The amplifier gain is
determined by feedback resistors R136 and R135. Elements C88, 0125 and R87
correct the frequency characteristic at the upper band limit.

The buffer amplifier provides decoupling of the following low- and high-pass
filters of the attenuators of the range dividers. Following this stage, the
signal is separately processed in the AC and IC branches.

4.4.,1,5 Low~pass-filter Selection

- In the AC measurement circuit a low-pass filter may be switched in by means
of FET swiltches T49 and TS5 to limit the bandwidth of measurement. For full
bandwidth, the direct signal path via FET switch TS0 is cut in.

The low-pass filter with opamp B6 is an active 2nd-order Butterworth filter.
A cutoff frequency of 4, 20 or 100 kHz is selected by activation of FET
switches T46, T4, TS58 and T57 (Table 4-2),

4.4.1.6 High-pass-filter Selection

Three high-pass filters may be switched into the signal path to adapt the
AC circult to the measurement speed. These consist of the capacitors CuU4
(for £ > 1000 Hz, SUPERFAST speed), C46 (for f > 100 Hz, FAST speed)} and
C45 (for £ > 1O Hz, SLOW speed) in conjunction with resistors R280 and Ro81.
The filter selection is made with B36 I, III, IV (Table 4-2).

4.4.1.7 Push-pull Amplifier

After frequency-band limiting by the low- and high-pass filters, it is

Nnecessary to amplify and balance the signal before it goes to the measure-
ment rectifier. This is done in the push-pull amplifier, which has a gain
of 20 dB. To shorten the transient peried in the rectifier, the amplifier
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is DC coupled to the rectifier. This in turn requires small offset and drift.
values of the amplifier for satisfactory transmission of the signal to the

rectifier.

The push-pull amplifier comprising ICs Bl7 and Bl18 and transistors T23 - T26
delivers amplified signals of opposed phase at the output stages. The in-
phase signal, amplifier 14 dB, lies at the output BIBII, T25, stabilized by
direct'negaﬁive feedback éoupling via R164 and Ri83 to the BL7 input stage.
A sum signal derived from both outputs is produced by means of R184, R190,

R191 and represents a measure of the output asymmetry. It acts on the

collector clrcult of the input stage by means of a correction current fed
in through stage Bl7I and determines the symmetry of the output (Fig. 4-3).

Pot R174 serves for the zero adjustment of the offset voltage.

R161

R163

B1al|,B18ll
T23..726

B171

1

>
>

Vo1
5Vi

B18l

A1
st [JR0
VO=
R184 10V;
A2
* = 0
- Vo 2=
[fR‘IBB -5V

R164

Input stage, symmetry stage, amplifier and output stages

Fig. 4-3 Functional diagram of push-pull amplifier
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4.4,1.8 Measurement Rectifier with Filter Circuits

The passive bridge circuit made up of dual FET T27 I, ITI has the funection
of forming the RMS value of the AC component of the voltage being measured.
The input to the bridge consists of the two phase-opposed outputs of the
push-pull amplifier. The bridge circuit performs the squaring of the input
signal, the rectified voltage output being given by the simplified formula

i

!vrl = gV
D
where
v RMS wvalue of the bridge input voltage
v Pinch-off voltage of the Nachannel junction-gate FET,

P value 1 %0 1.5 V

Pot R195 is used for compensating small symmetry errors of the two phase-
opposed inputs and the rectifier bridge. The symmetrically connected low-
pass fllter R199, R200, C65 - C67 suppresses the higher frequency components
of the rectified signal.

The clrcult consisting of the differential amplifier B20 -~ R22 and the
operational amplifiers B23 I, II provides amplification and the filtering
low frequency components of the rectified signal. The amplification of the
differential amplifier can be adjusted with R20l and R202 in four coarse
steps. The large spread in the rectification factor of the FET rectifier is
thus taken into account in the adjustment of URE.

The amplifier c¢ircuit funetions as an actlve, swltchable, low-pass filter.
In FAST and SUPERFAST measurements it forms a 3rd-order filter with a pole
in amplifier B20, B2l and two poles in the active low-pass filter formed
with B23TI. |

In SLOW measurements, the circuit with switch-in of capacitor C76 forms
essentially a lst-order filter. Together with a software based recursive-
digital filter of 3rd order, a 4th-order filter results with particularly

good transfer characteristics.

The advantages are the optimal setting behaviour and the suppression of the
low~=frequency components dowh to the measurement frequency of 10 Hz (di-

electric error effects of large filter capacitors are avoided).

Through the input of the 10-V DC voltage via amplifier B22 a level shift of
-8.4 V results at rectifier output ST2.2. This provides for optimal utiliza-
tion of the bipolar voltage range of the 16-bit D/A converter B25 (see
4,4,1.10),
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The rectifier DC output voltage goes via FET switch TS5l to comparator B2k
and after microprocessor-controlled A/D.conversion (successive approximation)

is further processed in the computer section of the URE (see section 4.4.2),

4.4,1.9 DC Amplifier

After pessing through the buffer amplifier, the DC component of the measured
signal is further processed in the DC measurement cirecuit, consisting of
amplifier B1O in conjuncetion with active low-pass filter stages. The amplifi-
eation factor of 76 is determined by the feedback coupling R125, R133,

The active filters serve for the suppression of the AC components of the
. measured signal. The cutoff frequencies are set by MOSFETs T4l - T44 in
accordance with- the selected measurement speed (Table 4-2). Filters of diffe-

.rent orders result as follows:

- For the SUPERFAST setting,
a 4th-order filter with three poles via BlO and RC network R278, C134,

- For the FAST setting,
an active filter of 3rd order via B10O.

- For the SLOW setting, '
2 lst-order filter via C111, T44 and Bl0 which in combihation with a
digital filter in software realization functions as a 4th-order filter.

The output voltage of the DC measurement cireult passes through FET switch

T52 to comparator B24 for microprocessor-controlled A/D conversion.

The circuit formed by G125 and Gl134 functions when FET T55 is switched in,
as limiter of negafive output voltages falling below -8 V. Thls prevents
possible overdriving of the DC amplifier influencing the evaluation of the
AC channel.

4.4,1,10 Microprocessor-controlled A/D Conversion

After preprocessing, the voltage being measured is converted to digital form

by means of successive approximation carried out in the analog section by
comparator B24 and 16-bit D/A converter B25 with input circults BR6, B27,
B2B, B30 and B31,

The microprocessor is connected via the optoccoupler interface. The processor
applies data stepwise to the D/A converter, begimning with the most signifi-
cant bit. The comparator compares the resultant cutput of the converter with
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the output voltage of the AC or DC measurement circuit. After every such step,
the processor reads the logical state of the comparator output via an opto-
coupler into the serial input port SID; It is then tested whether the set
input bit of the D/A converter is correct or not. This process is continued
to the least significant bit (16th bit). Every correctly set bit is summed

by the processor corresponding to the binary value,

After completion of the conversion, the measured voltage 1n digital form with
value O to 65535 is stored for further use by the mieroprocessor. ‘

Before each conversion, thé microprocessor sends a pulse, via reset line
BU3.15, lateh units B30 and 31 and inverting drivers B26 - B28 to reset the
D/A converter to the start siate, i.e. with all bits set to loglc 1. This
setting corresponds to a D/A converter output of =10 V. The measurement range
extends from -10 V to +9.99969 V.

D/A converter B25 also provides the stabilized €.3-V IC reference voltage
for use in deriving further DC and AC reference voltages for the analog

section.

4.4.1.11 DC and AC Reference Voltages

Highly stable DC and AC voltage generators are required for the microprocessor-
controlled autocalibration of the analog section.

The IC reference generator processes the 6.3-V reference from the D/A con-
verter to provide, via cireuit B2I, T3, a 10-V DC reference, from which
resistor network R23 derives the 1-V and 0.1-V DC reference voltages.,

The DC reference voltages are adjusted to their rated values with R33, R36
and R39.

With the 4-part analog switch Bl, the three DC reference values and zero-
voltage reference are applied to the input circuit of the URE. An additional
reference voltage of 0.71 V is derived over the resistive voltage divider
R17, R27 which can be cut in with T34.

The 0.71-V and 1-V DC references are chopped to produce, via analog switch
Bl4 and timing generator Bl3, two highly stable AC reference voltages for
calibration of the AC measurement e¢ireuit. The timing frequency is 5 kHz.

Voltage follower Bl6 serves to provide a low-impedance input to voltage
divider R169, R168, R166, R17l. The AC references can be switched with FET
switch T56 to the input of the push-pull amplifier. After removal of the DC
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component by C49, the effective (rms) value of the generated AC references

are 21 mV and 30 mV respectively.

The output veltage of the AC reference branch may be set by R171 for rated-
value adjustment of the AC indication. By switching off timing generator B13,
a zero-voltage reference may bé generated via the AC reference branch at the
input of the push-pull amplifier for usé in calibrating the measurement
rectifier,

4.4.1.12 Transmission and Decoding of the Analog Control Signals

The microprocessor sends coded control signals to the analog board via the
cutput perts and owntocoupler. For assligning place values, the appropriate

coded information is transmitted via interface BU3.

The signal bits are applied in paralliel to lines BU3.1, 2, 3, 4, 5, 12, 16.
The three bilts on lines BU3.4/.5/.12 are decoded to select one of the buffers
B3, B4, B5, Bl2, Bl5, B30 or B5l. The three bits of lines BU3,1, 2, 3 serve
for addressing the outputs of the 8 buffers. Line Bu3.16 carries the bit
ldentifying the logilcal state of an addressed analog function.

For the acceptance of the applied coded data by the buffers, the micropro-
cessor outputs a short pulse via serial output port SOD onto line BU3.14.
After inversion in unit BE2VI, the pulse 1is applied to decoder B29 to enable
decoding of the applied input data. For the duration of the acceptance
pulse, decoder B29 outputs on terminals QF-06 the signal for selecting one
of the addressable buffers. The latter decodes the address information on
inputs A@-A2 when input line WD goes to {.

The addressed unit then delivers at the output specified by Ag-A2 the
logical state (O V or 5 V) determined by the data bit on the D input.

The transmitted and decoded information remains stored until a new state
is selected or the instrument is switched off. 55 individually programmable

outputs for controlling the analog functions are thus obtained.

At program start a reset pulse 1s sent via output Q7 of decoder B29 to
reset addressable stores B3, B4, B5, Bl2 and Bl5.
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4,4,1.13 Activation of Analog Switching Punctions

The activation of all analog funetions proceeds from the stored output states
i,e. OV or 5V of the addressable 8-bit latch. The analog switch requires
special‘control levels which are generated with comparators BS51, B2, 153,
B54, BS6, B57, BSQ and B60 (Table 4-1). The comparators are driven by the

O Vor 5 V logic signals of the 8-bit latch.

One of the two inputs of each comparator is for this purpose connected with‘
a common line at +2.5 V being derived via RS and R6 from the 5-V supply.

Table 4-1

Control level for the analog switch

Level | Analog switch
o V/A415 Vv Bl, El13, Bl4
£15 V B4O, T3l - 58
7.5 V/+15 V B36I, III, IV
4.4,2 Function Sequence

In both manual and IEC-bus-controlled operation, the URE performs measure-
ments under microprocessor control. The program includes the following

routines:

- The setting routines to place the analog sectlon in the desired measure-

ment mode.

- The A/D conversion routines for digitallzing the analog representation

of the measured voltage.

= Routines for automatic measurement-range selection in AC, DC and AC+DC

measurement.

- Routines for manual selection of the range when autoranging is switched
off (Range hold).

- Routines for periodic offset correction of the amplifier in DC and AC+DC

measurements.,

- Routines for periodic calibration of the rectifier in AC and AC+DC

measurements.

- Callable autocalibration routine for the determination of all measurement-

range factors and the rectifier-characteristic coefficients,
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- Routine for digital filtering in SLCW measurements.

- Routines for computing the display value from +the measurement, calibration
and offset values for computing the RMS value of =z mixed voltage from the
AC and IC components, and for converting to relative dlisplay values in
‘units of dBm, dBV, AdB, AV, A% and V/REF,

4.4.2.1 Autoecalibration

See also sections 3.3,1 and 5.2.1.2
The URE has a callable routine for calibrating the analog section.

The autocalibration routine selects certain measurement ranges for calibration
and provides the zero-reference and DC-reference voltages, which are switched

into the input circuit via RS2.

The A/D-converter routine measures the zero and reference output voltages
several times in each measurement range. After averaging and forming the
difference between reference and zero measurements, the calibration wvalues
for ranges 4, 5, 6, 7, 8, 9 and the two auxiliary ranges 13 and 14 are ob-
tained (see sections 5.2.1.2 and Table 4-2). All other measurement-range

factors are converted from these values,

This procedure allows calibration of the measurement ranges and the A/D con-
version with the accuracy and stabllity of the three DC reference voltages.

The results of the measurement-range calibration are stored in the CMOS -RAM
in the form of A/D-converter step numbers which are then taken into account

in the computations assoclated with a voltage measurement,

The routine also performs a calibration of the AMS rectifier with use of two
AC reference voltages and zero reference. For thils the voliages are switched
in turn to the input of the push-pull amplifier and the output of the square-

law rectifier measured by way of the A/D conversion,

The AC reference voltages are derived from"the 0.71-V and 1-V DC references
(see section 4.4.1.11).

For the autocalibration of.the rectifier characteristic, the ratio of the AC
voltages must first be exactly determined. Sinee the amplitudes of the AC
voltages are proportional to the DC reference voltages, it is sufficient to

determine the ratio of the latter.
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For this, as in the range calibration, the 0.71-V DC, 1-V DC and zero refe-
rences are switched to the URE input clrcuit and the output voltages of the —
DC measurement circuit measured using measurement range 6. The ratio is com-

puted by the microprocessor.

The results of the three rectifier calibrations permit the computation of
the three characteristic coefficients of the square-law measurement recti-
fier. The coefficient values are stored in the CMOS~-RAM. They are used in a
voltage measurement to compute the AMS value of the AC voltage from the
output of the square-law rectifier (section 4.4.2.2).

During the calibration, the nominal/actual values are compared with rated

values and tolerances provided in the program. If a calibration value ex-

ceeds the tolerances, an error message Err l...15 is displayed on the URE

or in remote operatlon a status byte is sent to the IEC-bus controller

(section 5). —

A complete autocalibration eycle requires about 20 seconds. The URE then

reverts automatically to the measurement mode.

4.4.2.2 BMS-value Measurement and Rectifier Calibratisn
See alsc section 4.4.1.8

In response to an input of a palr of phase-opposed sinusoid signals within
certaln tolerances, the FET rectifier bridge T27 I, II produces an output

whose mean value is given by the formula

Vo= V. o+ BV o+ (3/2) oVt

[»] o0
where V is the RMS value of the input voltage.

For the computation of the RMS value, the three parameters vﬁo’ b and ¢ of
the characteristic must be known. The values of these parameteis are
determined in the autocalibration by appropriate reference measurements

and conversions (section 4.4.2.1),

The coefficient ¢ represents a deviation from a pure square-law characteristic
and has a relatively low value, For any particular FET thls coefficient is
constant and will therefore be only determined once - during the autoeali-

bration.

The ecocefficlents vﬁo and b on the other hand are time and temperature depen-
dent to some degree and are therefore periodically determined with appropriate

reference measurements.
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The periodie calibration of the rectifier is made at regular intervals, the
length of the interval depending on the measurement speed to which the URE

is set:

For measurement speed SUPERFAST, every 9 sec (approx.)
FAST, every 11.5 sec (approx.)
SLow, every 16.5 sec (approx.)

The voltage measurements are interrupted about 170 ms for each calibration.

For the periodic determination of coefficients Vﬁo and b, the AC reference
branch is switched to the input of the push-pull amplifier. The voltage under
test 1s thereby disconnected., To prevent cross-talk of higher-frequency com-

" ponents into the reference branch, the inputs to the buffer amplifier and

coupling capacitors C44-C46 are also disconnected.

After the zero reference has been produced in the AC reference branch, the
first comparison meashrement Yields the offset voltage for the output of the

AC measurement circuit and thus the value of the coefficient Vﬁo‘

The sécond measurement ls made with the larger of the two AC reference volta-
ges derived from the 1-V DC reference by chopping. The squarewave voltage,
after voltage division and elimination of the DC voltage, is applied to the
push-pull amplifier. The size of thetAC reference corresponds to the upper
limit value of the measurement range involved. The rectified signal provides

the value for determining the value of coefficient b.

During the rectifier calibration, the active filters are switched to SUPER-
FAST operation in order to perform the calibration as speedily as possible.

The coefficient values are stored and used in subsequent measurements of

RMS values,

Pot R171 provides for the setting of a correction factor to adjust to the
rated value of the display for a speclfied AC input voltage.

4.4.2.3 DC Voltage Measurements and Offset Correction

In DC and AC+DC operation, after every change of the measurement range as
well as periodically, the DC measurement circuit is tested and an offset
correction made of the entire amplifier branch including the A/D converter.
For this purpose, the test voltage input is disconnected from the input
amplifler and a zero voltage produced. Incorrect voliage at the output of
the DC measurement eircuit is detected at the A/D converter output.'The
value 1s stored and used to correct all measured IC values.

Additionally, in DC voltage meé.surements the URE switches momentarily during
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every measurement cyecle to the AC measurement circult and monitors the input.
When maximum input voltage 1s exceeded a less sensitive DC range is selected
until maximum input is again observed in the AC measurement circuit.
Settings of the analog sectlon for offset measurements:

Analog switch

In ranges with 1-dB Relay RS2 switched off: zero=-voltage reference
input dividers: provided via analog switeh Bl IIT.
In ranges with 41-d8 Resistor R118 switched to amplifier input with

or 61-dB input dividers: RS3; FET switches T31 and T32 switehed off.

General: Fllter in DC measurement circuit set to SUPERFAST
by switeching off FET switches T4l - T44,

The offset correction is made periodically at the same time intervals as the
rectifier callbration (section 4.4.2.2). The IC voltage measurement is inter-
rupted for about 100 ms for this procedure. '

During every offset measurement, it is checked whether the offset voltage
lies within the permitted range of +1.53 V at the output. If it lies outside
this range, offset adjustment of the input amplifier is performed automa-
tically. With the URE set to the l-mV range, a correction voltage is applied
to the input amplifier with the use of the 8-bit D/A converter until the
offset-voltage at the output of the IC measurement cireult falls within the
range corresponding to the 8-bit resolution. This of fset adjustment requiring
about 340 ms prevents run-away of the offset voltage by, for example, large
temperature changes. The adjustment setting of the D/A converter remains
stored.

If for any reason the offset voltage cannot be reduced to a rermitted value,
a functional fault is present. The URE then dlsplays the error message Err 1
(section 5),

The value of the DC voltage being measured ls made up of the value measured
by the DC measurement eircuit, the offset voltage and the calibration values

for the measurement range involved.

4,4,2,4 Mixed gAC+EC} Voltage Measurements

In the AC+DC measurement mode, the AC and DC measurement eircuits are alter=
nately switched to the comparator for A/D conversion.

The AC and IC components of a mixed signal are determined in the AC and DC
measurement circuits respectively in the same way as for a pure AC or DC
signal,
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With correct choice of the measurement range (section 4.4.2.5), the RMS value

of the mixed volitage 1s computed by the microprocessor routine with the

_ 2 2
Vo= ‘V/VAC Vg

In the case of AC+DC measurements, the periodic calibration includes the DO

equation

offset correction and rectifier calibration in a single program routine. The

cqﬁbined calibration requires about 240 ms.

4.4.2.5 Automatic Range Selection and RANGE HOLD

Automatlec range selection or autoranging is mieroprocessor-controlled
‘according to the rules given below. It makes possible a rapid, optimal

selection of the measurement range.
a) Measurement range exceeded by input

- If during the A/D conversion the maximum step number of 65535
(= 216—1) is reached, subsequent action depends on what measurement

range the analog section is set to.

- If in the range switched in, the 1-dB input divider is used, the
highest range using the 1-dB divider is switched in (AC: 300-mV
range, DC: 1-V range). If the new range is still too low, the
highest range (300 V) is then switched in.

- If the 41-dB or 61-dB divider is used in the range involved, the
highest range (300 V) is immediately switched in.

~ If the range is found to be too low without the step number of the
converter being exceeded, the next higher range is switched in. This
inereases the range by
10 dB in the AC mode and
20 dB in the DC mods.

The switehing thresholds are:

DC: display voltage value > 12000 digit steps

AC: display voltage value > 12000 or > 3600 digit steps,
~ depending on measurement range.

b) Measurement range toc high for input.
If the optimal range for the display value lies below the range cut

in, a more sensitive range is automatically cut in:



for DC measurements: display voltage value < 1003 digit steps,
- for AC measurements: display voltage value < 3003 or < 1003 digit steps,
depending on the range.

If the input voltage is more than 30 dB for AC and more than 40 dB for IC
below the nominal lower limit of the range cut in, a new range is selected
that is 30 dB and 40 dB more sensitive, respectively, In all other cases,

the next more sensitive range is cut in,

In AC+DC cperation, automatic range selection selects a range that is optimal
for elther the AC or DC component. The range can then be higher than optimal
for the other component. This however is not too important from the stand-
point of measurement accuracy, since the optimally measured component is the

dominant one.

During a change of range in automatic range selection, the display remains o~
generally dark and a new value is not displayed until the URE has found

the correct range. This does not apply however when the instrument for some

reason cannot find a suitable range. In this case, after a certain number

of attempts, a blinking value is displayed and the automatic routine resumes

its search.

In RANGE HOLD operation, if the range is exceeded by the input, higher
ranges are switched in (i.e. the range is not held) and the entire display
blinks. If the range is too high for the input, it remains unchanged, but
the last digit of the display blinks in this case to indicate that the

measurement is not being made with the optimal range.
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Funetiecn Analog switech settings

AC range IC range
1 (1 mv) BHOIII IN, T45+T47 IN
2 (3 mv) 3 (10 mv) BYOTII IN, T48 IN
3 (10 mv) T45+T47 IN
4 (30 mv) 5 (100 mv) Rs2 IN T48 IN
5 (100 mv) 35 IN
6 (300 mv) 7 (1 V) B40I,II,IV IN T36 IN
7 (1L V) TY45+TY7 IN
8 3 V) 9 (10 V) T48 IN
9 (10 V) 5 IN
10 (30 V) 11 (100 V) Rs2 QUT 36 IN
11 (100 V) 35 IN
12 (300 V) - 12 (300 V) 56 IN
13 (Auxiliary range for Rs2 IN, T32 IN, B4OIII IN,

autocalibration) T48 IN, BIIV IN
14 " " Rs2 IN, F31 IN, B4OIIT IN,

T48 IN, BII'IN
Operating mode AC Rsl IN, TS1+T5% IN, TS2 OUT
Operating mode DC Rsl OUT, T2 IN, T51+T53 OUT

Measurement speed
SUPERFAST

. FAST

ST.OW

B36IITI IN

B36 I+ T3 7+T38+T40 IN
T™4l...T43 IN

B36IV IN, T37...T40 IN
T44 IN, T41...T43 OUT

Low-pass filter IN

Low-pass filter OUT
LP Select L kHz
LP Select 20 kHz
LP Select 100 kHg

49 IN, TS5 IN
™0 IN -
T4E+TS TS T7+TS8 IN
T544T57 IN
TA46+TSU+TH7+TR8 IN

DC reference voltages
10V
1V
C.7T1 V
.1V
oV

311 IN
B1IvV IN
T34 IN
B1II IN
B1IIT IN

AC reference voltages
30 mv

21 mv

ov

T56 IN, Generator El3 IN,

B14I IN

T56 IN, Generator Bl3 IN,

B14II IN

T56 IN, Genherator Bl3 OUT,
Bl4 IV IN

Offset measurements in measure-
ment ranges with
41-dB or 61-dB input divider

Rs3 IN, T31...T33 OUT

Table 4-2

Analog Switching Functions
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Input Input Range " Buffer
attenuator amplifier divider amplifier

' —EE] — AL measurement circuit
' ‘ ——— [IC measuremenf circuit

Measurement

ranges

AC and

AC+0C

-61dB +6dB -30d8 +4,.5dB

12 (300V) -41dB +26d8 ~20dB
1 100v) -1dB -10dB
0 (30v) - 0dB

9 {10V} k

8 3v)

7 1) k

6 B00Y) SN ]
5 (100mV) ]

Vims = 30mV
& (30mV) \\ | ————T for readout of 10000 in
3 (10mV) the ranges 35,7,9,11
2 {3mV)
1 (1mV) for readout of 3162 in -
m | | the ranges 2,4,6,8,10,12
{
t
| ! | | | for readout of 1000 in
i I | l | range 1
oc
] -61dB +6dB -30dB +4 5dB
12 (300V .
( ) -41dB +26dB -10dB
11 (100V) (8

9 {10V) \ '

4_--________-—
7 (V) \
5 (100mV) Vo = 95.2aV

for readout of 10000

3 (10mV)

Fig. 4-4 Level chart for measurement subranges
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5. Repair

5.1 Equi pment Required
See Table 3-16 at end of section.

.2 Troubleshooti
The following drawings and documentation should be used for fault finding:

- Circuit diagrams,
= Printed wiring diagrams with component layout,
- Functional description, section 4.

The most important troubkleshooting procedures are the check of the test
points, power-supply and control-voltage checks with a digital voltmeter or
oscilloscobe, slgnal tracing in the analog subassemblies with a RF milli-
voltmeter énd signature analysis of the fiunctional groups of the computer

sectlion.,

For such work, the top and bottom covers of the URE are removed, after

loosening the four Phillips-head retaining secrews,

Very useful aids in troubleshooting, testing and adjusting the analog
functions are the service functions 5 to 9 (section 2.3.3.7.2, Table 2.1,
sectlon 5.2,1.1) and the error messages (section 5.2.1.2).

Suggestions for 1ocalizing errors in case of certain fault symptoms are
given in section 5.2.1.3,

5.2,1 Servicing Aids

De2.1.1 Service Functions 5 to )

Service functions 5 to 9 (see section 2+7¢3.7.2 and Table 2-1) are used for
setting the URE for troubleshooting and adjustment of the analog functions.

Shorting bridge BU33 on the computer board is removed for the activation of
these service functions. After one of these funections is called, the URE

performs a setting routine and remains in the resultant state. The instrument

1s returned to the prior measurement mode by pressing the SHIFT key again.

With service funection 5 - Absoclute value ad Justment,
the instrument is set to operating mode AC, measurement range 5 (100 mvV),
measurement speed FAST, LOW PASS out.
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The routine performs a continual comparison of the reference AC voltage
(Qquration 100 ms) with the applied rated value of the input AC voltage
(duration %00 ms) and permits the exact adjustment to the rated value of the
indication (section 5.3.1.4).

With service function 6 - Rectifier adjustment
the instrument is set to operating mode AC, measurement range 5 (100 mV),

measurement speed FAST, LOW PASS out, stationary. No periodic comparison with
the AC reference voltage is made in this case. The getting is used for trouble
shooting and adjusting the RMS-value rectifier.

The message S Er 6 is displayed. (sections 5.2.7.1, 5.2.7.4, 5.3.1.2)

With service function 7 - Analog output offset adjustment

the voltage -2.048 V is ocutput independently of the measurement setting at the
analog output (Option URE-E2). This setting is used for checking the analog
output and adjusting it %o the rated wvalue.

The message S Er 7 is displayed. (sections 5.2.5, 5.3.2)

With service funetion 8 ~ Analog output amplifier adjustment

"~ the voltage +2.047 is output independently of the measurement setting at the
analog output (Option URE-R2). This setting is used for checkdng the analog
output and adjusting it to the rated value.

The message S Er 8 1is displayed. (sections 5.2.5, 5.3.2)

With service function 9 -~ Reference voltage adjustment
the DC reference voltages are switched to the input eircuit of the URE. After
service function 9 is called, the code number O, 1 or 2 is entered to select

the following inputs: Code number DC reference voltage Indication
C 100 mivV g 100 mV
1 1V Q 1V
2 10V 9 10V

At the same time the AC reference generator is cut in with service function 9,

code number 2.

The settings serve for checking and adjusting the reference voltages
(sections 5.2.7.7 and 5.3.1.1).

Note: When the settings are made via IEC (IEEE) bus the service funétion 9 is
replaced by the three service instructions S1, 352, S3 (zsee Table 2-9).
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5.2.,1.2 Error Messages and Evaluation

The URE software produces the following error-message displays (section
2.3.3.9). ‘

Table 5-1 Error Messages
Code Cause

. Reference input incorrect, no functional error
DC offset error
Rectifler offset error
Error 1 + 2
Rectifier-amblifier error
Error 1 + 4
Error 2 + 4
Error 1 + 2 + 4
‘Calibration value incorrect
Error 1 + 8
Error 2 + 8
Error 1 + 2 + 8
Error 4 + 8
Error 1 + 4 + 8
Error 2 + 4 + 8
Error 1 + 2 + 4 + 8

W E R0 OTPE O -3 Gy U = W = o

If the IEC-bus option is installed, the interrogation of error messages via
the service functions (Table 2-9) is possible by means of the controller.

If instruction Q1 {Service Request) has been sent, the appearance of an
error message 1-F results in the controller outputting the status byte as
decimal equivalent 100,

The controller can request the error code with the control signal SP. On
thg'oontroller and on the URE display the error code is output as decimal
value from O to 15. No functional error is indicated if error code O is
output. ‘

A further decoding of the error message ER r» 8 (to F or 15) is possible
by displaying the calibration values on the URE display with use of the IEC
(IEEE)-bus control intructions SA to SO as shown in Table 5-2.



Table 5-2 Evaluation of Error Messages 8 to F or 8 to 15

Control Funetion
instruction
Readout of calibration value
AC or AC+IC Rated value Permitted
range deviation f+/~)
SA 1 1511 45
SB 2 4768 142
sC 3 1502 45
SD 4 4740 142
SE 5 1496 45
SF 6 4738 142 '
S¢ 7 1502 45 :
SH 8 4740 142 |
SI 9 1496 45 -
3J 10 4739 142
SK 11 1497 45
SL 12 4739 142
SM i 13 4769 142
SN ! 14 4769 142
S0 Read out of 2048 T0
rectifier
.  linearity
coefficlent

If the permitted deviation is exceeded, the URE displays the error message
Err 8.

Measurement ranges 13 and 14 are used for the determination of the amplifica-~
tion parameters during autocalibration. The calibration values Ffor ranges 4,

5, 6, 7, 8, 9 and 13, 14 are determined by internal measurements with use of

the DC reference voltages. The remaining range factors are computed from

these values by the microprocessor.

The rated range callbration values multiplied by 5 yields the number of con-
version steps of the 16-bit D/A converter as determined by the microprocessor.

These values are a direct measure of the amplification value of the individual

range.

The linearlty coefficlent of the rectifier characterizes the deviation of
the FET characteristic from an exact square-law. This deviation is taken

into account in every measurement and the necessary correction made.

R 39589 -~ 5.4



5.2.1.3 Error Symptoms

Error Symptoms Error location Section
in subassembly :

Display flelds and key- Power supply, power: input, 5.2.2

board remain dark after display/key interface wit, 5.2.3

URE switch-on computer (comp. board)

Nonsenslcal readout, Computer board B.2:3

no reactlon to key entry

Various display fields or Display board 5.2.6

diglt segments or key

1llumination do not

funetion

No reaction to remote IEC-bus option 5204

instructions and data - (computer board)

Inputs via IEC-~bus '

Analog output wrong Analog output option 5.2.5
(computer board)

Error message Err 8 CMOS~RAM 5.2.3.1

after URE switch-on Data security, 5.2.3,2
Buffer battery, *
(computer board)

Error message Eprr 8 Analog control function, 5.2.7.1

during an autocalibration IC reference voltage, 5.2.T.7
Amplifier branch, De2.72
Rectifier, 5.2.7.3
16-~bit D/A converter, 5.2.7.5
{analog board) 5e2.T.6

Error message Er r 8

via IEC-bus instructions:

Calibration value wrong DC reference voltages, 5.2.7.7
Input eircuit, 5.2.7.2
Amplifier branch, Be2eTe3
D/A converter, 5.2.7.6
(analog board)

Rectifier linearity AC reference generator, 5.2.7.7

coefficlent wrong DC reference voltages, 5.3.2.1
Push-pull amplifier, 5.2.7.4
Rectifier 5¢2.T<5
(analog board)

Error message E r r 1 Input amplifier, De2.7.2
8-bit D/A converter 5.2.7.6

for offset correction
(analog board)
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Error Symptoms Error location Section
in subassembly

Error message Eprr 2 Push-pull amplifier, 5.2.7.4
' Rectifier amplifier, Be34l.2.3
(analeg board)
Error message Er r & AC reference generator, 5:2.7.T
Push-pull amplifier, . , 52,7t
Rectifler, 5.2.7,5

(analog board)

The occurrence of combinations of error messages 1, 2, 4, 8 per section

5.2.1.2 permits a further pin pointing of error causes.

5.2.2 Iroubleshooting and Check of Power Supply
See Circult Diagram 342.1214 8

- Check of fuse and the AC power-voltage setting (section 2,3.3).

- Check of all cable and plug-and-socket connections of AC power supply

and transformer secondary connections.
- Measurement of voltages and comparison with clrcuit-diagram values.

- If the power supply is overloaded or a fuse has burned out; it is
advisable to separate the computer and analog circuits from the power by
removing bridges BUlS to BULB and to continue the search with the power
supply unloaded.

- Further checks of power supply given in section Ha2e35.1e

B.2.3 Troubleshooting and Check of Computer Board

See Circult Diagram 342,.1214 § -
Circuit Diagram of Computer Board 342,2010 S, sheets 1 + 2,
PC board diagram 342.2010, sheets 2 + 3

The test points and the most important compenents of the computer board are
directly accessible from the top of the instrument (Fig. B=1l).

After removal of four Phillips-head screws, the computer board may be
swivelled out for further measurements and possible exchange of components
(Fig. 5=2).

The IEC-bus board and analog-output assembly can then also be removed by
geﬁtly pressing togethser the plastic clips on the solder side of the com-

puter board.
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5.2.3.1 Check of Supply Voltages

a) Voltage supplles for computer and diéplay boards

- Check of voltages on computer board:

Reference point ST25 oV
ST/BU1S +5 v t5%
GL14 + connection approx. +11 V

- Check of current consumption after removal of BUIS and insertion of a

DC ammeter:

On ST15 pins 1 and 2 typical 1.0 A
(without IEC-bus
typical 0.7 A)

With larger deviations from rated value of 5 V:

- Remove BU15 and insert 5 Q, 5 W loading resistor between ST15.]1 and
chassis (8T25).

- Measure output voltage on 5T15,1
to decide between voltage supply and computer and display circuits

as possible source of error.
b) Voltage supply for analog board:

- Check of voltages on the computer board:

Reference point ST26 ‘ oV
BU/8T16 + 5 V +5%
BU/ST1T +15 V +0.6 Vv
BU/ST18 -15 V +0.6 V
B% pin 1 approx. +23 V
B37 pin 3 approx. -24 v

- Check of current consumption after removal of socket BU16, BULY or
BU18 and insertion of a DC ammeter.

On ST16 pin 1 to 2 Typical 30 mA

. strongly varying
Cn ST17 pin 1 to 2 Typical 130 mA
On ST18 pin 1 to 2 Typical 100 mA




With larger deviations from rated value:

- Remove sockets at outputs of voltage regulators B35, B36 and B37 and
ingertion of a loading resistor to analog reference point ST26
(on ST16.1, 33 0, 1 W; on ST17.1 or ST18.1, 120 Q, 2 W),

- Measure output voltages to decide between the voltage supply and analog-

sectlon eircult as possible source of error.
¢) Voltage supplies for CMOS-RAM

- Check of voltages on computer board:

Reference point: pin 2

of battery connector oV

ST39 URE switched on typleal 5.2 V +5%
ST%9  URE switched off typical 3.4V >3.0V : e
BA 1 connhection 1 >32.2V

URE swiltched off 3.67 V for new
battery

= Check of current consumption after unsoldering battery
terminal 2 and inserting a DC micro-ammeter:

On BA 1 URE switched off | typical 0.1 uArg

maximum 10 pa

On BA 1 URE switched on | typical -0.05 A’

+) At 25°C amblent temperature
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5.2.3.2 Check of Microproecessor and Peripheral Units

a) Check of microprocessor reset and clock pulses:

RESET IN pulse on ST14.4:

+5 vV

ov |

—’I 100 ms l‘-

| e

RESET OUT pulse on Bl.3:

TTL Hi
level

: Io
Switch-in

of URE |

CLOCK pulse on Bl.37:

5-MHz square clock signal, TTL level

b) Signature analysis

For testing the micfoprooessor system, the URE is provided with a

hardware based signature analysis.

During a signature analysis, the microprocessor is caused to make a run

through its entire address space periodically.

The data transmission from the processor to the program memories (EPROMs )
via bus driver B25 is interrupted and driver B26 is activated generating

a NOP instruetion in every read cycle of the processor.

The Start/Stop signals for the signal analyzer are derived directly from

+the address bus.,

The signatures provide a check cn the processor and driver and address-

decoder units as well as the EPROMs.,
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Settings and Checks:
- To activate the signature analysis reposition BU19 on ST19.2/3.
- Check the signatures of the address bus.

- Connect signature analyzer to STLO.
START/STOP connections to ST10.1/2

GND {ground) to ST10.4
CLOCK to ST10.3, when BU20 is connected to
ST20.1/2.

Signature-analyzer settings

START _§ stor _§ CLOCK  Y_

Slgnatures of address bus:

tn BL7.8 (A0) Uuuu On Bl.21 (A8) HCB9
Bi7.7 (Al) 5555 :Bl.22 (A9) 2H70
Bl7.6 (A2) ccec BL.23 (A10) HPPO
B17.5 (A3) 7F7F Bl.24 (All) 1293
Bl7.4 {AL4) 5H21 B1.25 (A12) HAF7
Bl7.3 (A5) OAFA Bl.26 (A13) 3C06
Bl7.2 (46) UPFH " Bl.27 (Al#) 3827
Bl7.1l (A7) 52r8 B1.28 (Al5) 755U
The corresponding signatures must also be checked on B2, B4, B18, Bl19,
B20, B2, B2l and - if IEC-bus option is installed - on Bl (8291).
- Check of databus signatures
- Switeh BU20 to ST20.2/3 ~
Setting the signature analyzer:
3TART 5 STOP § CLOCK ;
- Take the signatures from ST36.1-8 and check with use of Table 5-3
{appended).
With the sighature analysis of the data bus, the EPROMs are also checked.
The corresponding signatures must also be checked on Bl6, Bl7, B18, Bl19, B20,
B22, B25 and - if the IEC-bus option is installed - on Bl (82914).
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- After completion of the signature analysis, reposition shorting link BU19
on ST19.1/2.

¢) Cheek of Display/key control BE16 (8279)

= Check of control signals for display/key decoding

597.3 us
Hi TTl-level, frequency 209.26 Hz
To
On B16.38 RLO ‘ ' provided one of the keys S1, S&, 57, 810,
813 or 816 is pressed.
«39 RL1 . provided one of the keys S2, S5, 38, S11,
S14 or 817 is pressed.
.40 RIZ - provided one of the keys S3, 86, 89, Sl2,

515 or S18 is pressed.

Rectangular signal,

TTL-level:

On B16.32 RSO T = 837.05 Hz = clock-frequency: 3584
.33 RSl £ = 418.53 Hz = clock-frequency: 7168
.34 RS2 f = 209.26 Hz = clock-frequency: 14336
.35 RS3 £ = 104.63 Hz = clock-frequency: 28672

On Bl16.24 - .27, .28 - ,31 A0 - A3, BO - B3

Pulse with level 0/40.8 V, timing dependent on activation of digit
Segments, illuminated display fields and key illumination.

d) Check of INPUT/OUTPUT RAM 8155

~ Check output port PA for activation of optocoupler interface with logic
probe or oscilloscope. '
On B2.21 - 28 (8155), PAO - PAT7 pulse with TTL~level, timing dependent
on activation of analog section {control signals for-aznalog switeh,

D/A converter).



- Check of timer output

on B2,6 TO

1.195 ms

ol

Hi

Lo.

B.2.4 Iroubleshooting and Check of IEC-bus Interface

See Circult Diagrams 342.1214 S and 342.2910 8

- Check the functioning of Address/TALK-ONLY switch.
Check voltages on B2 (8155) of computer board.

TiT-level
Frequency 119.579 Hz
= clock-freq: 25088

Function IN (I) ouT (0)

B2,5 PC5 | NORMAL 0 V (NORMAL) +5 V (TALK ONLY)
TALK ONLY

B2.2 PC4 | address 45 |0V +5 V

B2.1 PC3 | address A4 | O V +5 V

B2.39 PC2 | address A3 | OV +5 V

B2.38 PCl | address A2 | O V +5 Vv

B2.37 PFCO | address A1 |0 v +5 l

- Check of Address/TALK-ONLY setting by calling service function 1
(section 2.3.3.7.2, Table 2-1, section 3.2.7).

- Check of signatures of address/databus on Bl (8291A) during signature
analysis per section 5.2.3.2 b.

- Check of clock pulse and reset pulse on Bl (8291A) per section 5.2.3.2 a.

- Check of IEC-bus function with Listener/Talker addressing with IEC-bus
controller according to setting instructions per section 2.3.4.

5e2sD Troubleshootins and Check of Analog Output

See Circult Dlagrams 342.1214 S and 342,2810 S.

R 39589 - 5.12



-~ Check of power supply on the ahalog-output board:

i
Reference point ST10.1 (BU2) oV
(same potential as for computer) -
BU/ST19 : +15 V +0,6 V
BU/ST20 -15 V 0.6 V
B33.5/14 without approx. 11 Vv
B31.1 loading approx. 26 vV
B32.3 ‘ on BU1/2 approx. ~26 Vv
Frequency of control generator B33 ... £ = 18 kHz.
= Check of D/A converter Bl5 and its activation.
- Defined setting of D/A converter Bl5 by calling service funcitions 7 and 8
(BU33 on computer board removed, section 2.3.3.7.2, Table 2-1).
{ -~ Service function 7 (analog output offset adjustment) sets the 12-bit
inputs of Bl15 to High (TTL—level) Output voltage on BUl...-2.048 V +2 mv
- Service function 8 (analog output amplifier adjustment) sets the 12-bit
inputs of Bl5 to Low (TTL-level). Output voltage on BUl.,.+2.047 V +2 mv
5.2,6 Iroubleshooting and Check of Display Board
. See Circult Dlagrams 342.1214 S and 342.2410 S

For troubleshooting the display board, it is best to remove it from the URE,

as follows:

-~ Remove the four Phillips~head sorews retaining the front panel and remove

the display window and keyboard covering plate.

- Remove four more Phillips-head scerews and take off the display board from
the front panel.

- Replace the front panel for troubleshooting.

- The display board can be tested in the operating state outside the URE via
two flat cables and plug-in cornections.

All display elements and keys are activated and interrogated by the computer
board in multiplex operation via the display/keyboard 8279.

- Check of control signals from the computer board (8279) according to
section 5.2.3.2¢c on BlG, Bll1l, T10 - T17 and their output signals.

~ Check of driver transistors and of signals on the display elements and

Keys.
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-~ Check of the proper funetioning of the display elements with use of the
display tests by calling the service function O (seetion 2.3.3.7.2,
Table 2-1).

5.2.7 Troubleshooting and Check of Analog Board

See Circuit Diagrams 342.1214 S and 342.2210 S Sheets 1. and 2

The analog board is accessible after removal of the bottom cover (Fig. 5-3).

The most important test points, those of the 16-bit D/A converter and the
units for activating the analog functions are directly accessible., For
additional measurements, the shielding cover must be removed by gently

prying it off. After removal of two Phillips-head screws on the front side

of the analog board and pulling off the input line X1 (on ST7), the analog
board can be swivelled outward (Fig. 5-2). After removal of another shielding
cover, the soldering side is accessible.

After completion of the work on the board, care must be taken in reassembling

it to properly seat the shielding cover, plug-in connections and screws.

Reference potential for the check of signal, control and supply voltages is
the outside conductor of the insulated BNC socket and the shielding box of
the analog board {potential isolation from the computer section)._

5.2.7.1 GCheck of Interface Functions
Analog/Computer Sections

By calling service function € (Rectifier adjustment), a defined static state
of the analog functions and the interface functlon ecan be achieved, This
makes possible a check by means of simple voltage measurements.

- Call service function 6.

- Check the control voltages on the analog board:

S
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Reference potential: Shielding enclosure O V

On On

B4%9 (RS 1 IN) B4,11/12, 13/
B4.10 (RS 2 IN) , «2/3/5/6/7
B4.14 (Bl III IN) ' B3.2/3/5/6/7

B4.1  (T31 ouT) B5.9/10/11/12
B4.15 (T32 OUT) «2/3/5/6/T/13/14
| BS.1  (T45, T47 OUT) | |
B5.15 (T35 IN) Bl2.1/2/3/5/6/7/15
Bl2,13 (T50 IN)

Bl2.14 (B36 I IN)

Bl5.13 (137, T38, T40 IN) +5 Vv B15.9/1/2/3/5/6/10/ o VY.
.12 (BI4T IN) /11713

Bl5.15 (TS1 IN)

FB3.4

Bi. 4

B5.4

Bla. b4

Bl5. 4 .

B30.4 . : B%0.2/3/5/6/T

B3l.4 B31.2/3/5/6/7

5.2.7.2 Check of Input Circuit and Input Amplifier

~ Check with test input shorted of operating peoints of input amplifier
(TS, T6 - T14, T28) against values given in circuit diagram.

- Check of amplification switching and input switching: Apply a sinusoidal
voltage of 200 kHz to the URE test input. Measure the output voltage on
ST5 with an RF millivoltmeter as specified in Table 5ed,

URE setting:

Operating mode: AC

Measurement range: Manually set by calling service function 2
(section 2,3.3.7.2) and entering range number.
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Table 5-4

Measurement range Input Voltage measured at ST5
voltage
Number Volt. range Rated value Typ. deviation
o5 100 mv 100 mv 179.5 nmv t0-5%
02 3 mv 3.162 mV 57.09 mv -i_-_l%
o7 1 v 1V 17,95 mv fl%
11 100 Vv 10V 17.95 mv +1%

2:2.7.5 Check of Range Divider and Buffer Amplifier

-~ Check with test input shorted of operating points of buffer-amplifiers
B, T18, T19, T21, T22, T30 against values given in eircuit diagram,

- Check of the amplification and divider factors:

Apply a 200-kHz sinusoidal voltage to the URE test input. Measure the
output voltage on BU/ST19 with an RF millivoltmeter as specified in

Table 5-5. URE settings as in section 5e2.7.2,

Table 5-5
Measurement range Input Voltage measured on BU/ST19
voltage
Number | Volt. range Rated value Typ. deviation
03 10 mvV 10 mV 30.15 mV tl%
o4 30 mv 31l.62 mv 350.09 mV tl%
85} 100 mv 100 mv 30.04 mV tl%
06 300 mv 316.2 mV 30.08 mvy tl%

For the periodic calibration of the rectifier at 9-sec to 16.5-sec intervals,
the amplifier branch is temporarily opened up at the main divider. This
results in an interruption of the static measurements of the operating points

and amplification values.

5:2.7.% Check of Push-pull Amplifier

URE settings:

Call service function 6 (rectifier adjustment)

- Check of operating points of the push-pull amplifier with no input signal

as specified on the circuit diagram.
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- Check amplification:
Apply a 200-kHz sinusocidal to the URE test input.
Measure the outbut voltage on ST4.! and ST4.2 with an RF millivoltmeter.

Measurement Input Voltage measured
range voltage on ST4,1 and ST4.2
Rated value Typ. deviation
100 mv*) 100 mv 150 mv +2%
+)

Automatieally set by service function 6

- Check of offset voltage at pushe-pull-amplifier output according to

section 5.3:1.2.1: '
Offset voltage between STH4.1 and STH.2: O V +10 mV typilcally.

5:2.7.5 Check of BMS-value Rectifier

URE settings: as in section 5.2.T.4%.

~ Check of operating points of rectifier amplifier with no input signal:

Reference potential at ST2.1 cv
On B2C.6 and B21.6 - 0V +10 mV typ.
B22.3 +0.76 V
B22,6 and ST2.4 +2.8 V
and B23.1,/2/3
3T2.2 and 8T8.1 ~8.43 V typ. -
=703 V .uh -9.97 V max,

- Check of operating points of push-pull amplifier and FET rectifier bridge:

Apply 100-mV sinusoidal at 100 Hz tc URE test input.
With oscilloscope check points STH.4 and ST4.5 to see that the balance

condition is attained.
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f Oscillogram -
(Difference setting)

—y e

n,,

ST4,

. t , _Correct setting:
‘ 7‘ 2N Amplitudes equal
\___’_,/ 4 \___ -~ \ / \‘\‘ p q
l| I’
' /

! ; -.Incorrect setting:
approx 4 R f T\u/f- At Amplitudes different

20my \ A N/ !  Adjustment required
' (section 5,3.1.2,2)

- Check of rectifier output per section 5.3.1.2.3.

5.2.7.6 Check of DC-Amplifier Branch

A check is required only after %he error messages Er r 1 (DC offset error)
or Err 8 (calibration value wrong) or their combination according to
section 5.2.1.2.

URE settings:

Operating mode: AC+DC

Measurement range: _ Manually set by use of service funetion 2 and entry
of range number 1 - 12, ]

Filters: FAST

Check of DC offset voltage:
- Short circuit URE input.

- Connect digital voltmeter across DC-amplifier output Bl0,6 and ST2.1

(reference).

- The DC offset voltage must not exceed +l1.3 V in measurement ranges 1
through 12,

Check of DC amplification:
Test setup according to Fig. 3-5.

e’
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- Apply to URE test input terminal a DC voltage corresponding to the

selected measurement range according to Table 5-6.

- Calculate the amplification for each range from the measured output and

offset voltages accopding to the formuia

1 —_
Ampl'n = (Vﬁut - vﬁffset) / vin

- and compare with the required value given in Table 5-6.

Table 5-6
AC+IC measurement range C input Required DC amplification
thber Range voltage Rated value g::?:tggg
01 1 mv 1 mv 2305. 4
o2 3 mv. 3 mv 727.60
03 10 mv 10 mV 229,16
Ok 30 mV 30 mv 72.324
05 100 mv 100 mV 22.831
06 300 mV 300 mv- 7.2301 3
o7 .1V 1V 2.2919
08 3v 3 v 0.7253
09 10 V 10V 10.2283
10 30 V 30 v ?0.072308
11 100 V 100 v 1 0.,022836
12 300 V 300 V 10.0072317

For the periodic check of the offset voltage and calibration of the rectifier,
the amplifier branch is temporarily opened up at the range divider and the
static measurement of the offset and amplification values thereby interrupted.

If the required amplification is not obtained:

- Measure DC voltage offset
at output of input amplifier, at S™Hr 0OV +10 mV typ.
at output of buffer amplifier, at BU/ST19: © V’tl? oV typ.

- Check amplification factor of IC amplifier Bl0O:
IC amplification, beitween BU/ST19 and B10.6: 76 +0.2%.

- Check functioning of the offset correction cirecuit:

Autocalibration according to section 3.3.1.
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The offset of the input amplifier is corrected at the start of the autocali-
bration. The process can be observed at the output ST11 of the offset correction —
circuit, An end value is cbtained by approximation in binary steps with 8-bit
resolution that corresponds to an offset value of about QO V ﬁ150 KV for the

input amplifier.

OQutput voltage on ST11 within the limits +15 ¥,
Qutput volﬁage O ST5 cacsecssssvnccsscsnnnnas OV t} mV typ.

D.2.7.7 Check of Reference Volitages

URE settings:
Call of service funection 9,

~ Check of DC reference voltages with digital voltmeter, with settings and

conditions specified in section 5.3.1.1.

Reference potential at ST6.1 = oV
On B25.24 and B2.3 6.3 V +5%
Bl.1 10 V +0.1% typ.
ST6.2 10V +0,01%
1 V +0.01%
g 0.1 V +0.01% |

- Check of AC reference voltages at service function 9, ecode number 2:
With osecilloscope measure
on Bl6.2/3/6 a rectangular signal of 5 kHz and 1 V amplitude,

on Bl3.10 and Bl3.l1 a rectangular signal of 5 kHz and
15 V amplitude, complementary to one another,

With RMS measuring instrument measure at Bl7.9

v;ms = 30 mV tl%.

R
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5.3 Adjustment of the URE

This section contains all test and adjustment procedures which may be necessary
in the adjustment of the individual functional groups and of the entire in-
strument. An adjustment may only be made after the instrument has attained

its steady operatipg temperature obtained after at least 30 minutes of opera-
tlon. The ambient temperature shouid be +20 to +25°C. Only the two covers

may be removed for adjustments. The test setups required for the measurements -

are those given in seotion 3.2 for check of rated values.

After any adjustment, the instrument may only be regarded as fully operational
when all characteristics are checked against rated values according to

section 3.2.

- 5.3.1 _Adjustment of the Analog Board

For the adjustments, the lower cover of the instrument is removed and the
instrument placed on its side. An insulated adjustment tool with an outer
diameter of 7 mm maximum and a slot-width of about 3 mm should be used,

The location of the adjusting elements is shown in Fig. H-3.

The adjustments must be made in the order given below!

2:3-1.1 Adjustment of Reference Voltages

- Call service function 9 and enter code digit 0, 1 or 2.

- With digital voltmeter connected across points ST6.2 and ST6.1 (reference)
adjust the reference voltage to its rated value as given in Table 5-7.

10~V reference:

Call service function 9 and enter code digit 2:

Rough setting of rated value of 10-V reference, required in base of new

adjustment or after changing B25:

~ Gently pry off the shielding cover from analeg hoard.
-~ Connect opened wire bridges D3, D4, D5.

- With R39 adjust to maximum value of output voltage.

- Open wire bridges according to Table 5-7.
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Table 5-7

Wire bridges Output voltage at ST6.2
tp be opened Volts

- < 10.1

D3 10.1 to < 10.26

D4 10.26 to < 10.4

D3, D4 10.40 to < 10.54

D5 10.54 to < 10.69

D3, D5 10.69 to < 10.83

D4, D5 10.83 to < 10.97

D3, D4, D5 > 10.97

Fine setting: With the shielding cover in place on analog board and no

input signal on URE.
Table 5-8
Service funection 9. Reference voltage Adjusted
Code digit | Indlcation | Rated value | Permitted deviation with
for adjustment
2 9 110V 10 v +0,2 mV R39
9 L v 1V +50 v R33+)
o 9 100mV | 0.1V +5 v r36™)

+) There is a slight interaction between the R33 and R36 settings.
Therefore, repeat 1-V and 0.1-V adjustments.

Note: After adjustment of the reference voltages, an autocalibration
must be performed - see section 3,3.1.

S’
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5.3.1.2 Rectifier Adjustment

Call service function & of URE.

2e3.1.2,1 Offset Adjustment of Push-pull Amplifier
- Remove input signal.

-~ Connect digital voltmeter across ST4.1 and ST4,2 (Push-pull amplifier

output).
5T4.1 - ) 10 k@
UDS6
5T4,2 = ) 10 k@
Short Decoupling
cormnection resistors Digital wvoltmeter

- With R174, adjust voltage to O V +1 mv,

«J¢l.2.2 Balance Adjustment
- Apply a 100-mV sinusoidal wave at 100 Hz to the URE test input.

- Connect AC voltmeter with difference input and peak indication to output
of rectifier bridge between ST%,4 and ST4,5, Use shielded cables.

- With R139 adjust to minimum peak-value indication on AC voltmeter.

pe301.2.7 Adjustment of Rectifier Amplifier

"Requlred only after a new adjustment or replacement of rectifier FET T27.

- Gently pry off the shielding cover of the analog bpard.
- Comneet opened wire bridges Dl, I2.
- Apply a 100-mV sinusoidal wave at 100 Hz to the URE test input.

- With digital voltmeter measure DC voltage across ST2.2 and S72.1

(reference).

- Determine the difference bastween output voltages for inputs of 100 mV
and O V,



- Set the amplification by opening the wire bridges according to Table 5-9.

Table 5-9
AV Amplification of | Wire bridges
volts rectified voltage to be opened
< 8.9 1046 -
8.9 to < 10.2 O14 Dl
10.2 to < 12.2 762 D2
> 12,2 630.6 Dl, D2

After prescribed amplification settings we must have

6.20 V < AV < 10.20 V.,
- o -

t

If the values above are not attained, message E r p 4 is displayed.

5.3.1.3 Adjustment of 1-dB Input Divider

URE settings:

Operating Mode: AC

Display mode: v

Measurement range: Set by calling service function 2 and entering range
. number 5 (200 mvV).

Filters: LOW PASS out, SLOW

Test setup as in Fig., 3-1.
- Apply 100-mV sinuscidal wave to URE test input.
- BSet signal frequency to 100 Hz and read displayed value (about 100 mV),

- Set signal frequency to 10 kHz and with Cl5 adjust displayed value to
that obtained with 100 Hz,

5.3.1.4 Absolute-value Adjustment of AC Indication

- Initiate URE autocalibration by calling service function 4 (sections
2.3.3.7.2 and 3.3.1).

- Call service function 5 (absolute value adjustment).
Test setup as in Fig. 3-1:
~ Apply 100-mV sinusoidal wave at 1 kHz to URE test signal input.

- With R171, set displayed value to 100.00 mV tl digit.

S
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5,3.1.5 Adjustment of Frequeney Characteristic

URE settings:

Operating mode: AC

Display mode: v

Measurement range: Set by calling service function 2 and entering
range number according to Table 5-10.

FMlters: LOW PASS out, SLOW

- Signal setting with test setups of Figs. 3-=1, 3-2, 3-3 and setting

procedures of section 3,2.2.
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Table 5-10

1

| |
The C8 and Cl3 settings interact slightly, seo that the above adjustments
should be repeated. One repetition normally suffices.,

Meas. range - Tnput gDisplayed value Adjustment procedure
No. Voltage [Voltage Freq. on URE
o7 1V 1V 100 Hz [1.0000 V -
+0.1% typ.
1V 10 KHz | With C8, set display to
! same value as with i
» 100-Hz input. i
11 100V | 100V 100 Hz 1100.00 V | - |
- i+0.1% typ. {
100 V 10 kHz | ' With €13, set display to:

same value as with
100~-Hz input.

]
i 05 100 mv 100 mv 10 kHz 100,00 mV ] -
E +0.1% typ.
b 100 mV 10 MHz | With 024, set display to
i , same value as with
{ 10-kHz input. f
| 02 3 mV 3,162 mV 10 kHz 3,162 mV b=
b C+0.1% typ. i ‘
= ' J
3.162 mV 10 MHz | with c21, set display to
! ! .

|

The C21 and C24 settings interact
should be repeated.

slightly, so that

same value as with

10-kHz input.

the adjustments

07

1V

1v

1V

10 xH=z

10 MHz

11.0000 V
1+0.1% typ.

With R4, set display to i
same value as with
10-kHz input. ]

In the adjustments of C8, C13, C21 and C24, the display value may be slightly
influenced by the adjusting tool. The displayed value should be noted with
the toel applied and removed and the difference allowed for in the setiing.
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5.3.2 Adjustment of Analog Cutput
(When Analog-output Option URE-B2 is fitted)

- Call service function 7 or 8 as required.
- Connect digital voltmeter to unlpaded analog output.

- Remove top cover (after loosening 4 Phillips-head serews).
Fig. 5-1 identifies the adjustable elements.

-~ Adjust the DC voltages to values given in Table 5-11 in the order listed.

Table 5-11
URE setting ‘ Analog-output voltage
Rated value Adjustment
Service funetion 7 -2.048 v +0.1 mV With R45 to !
(offset adjustment) required value
Service function 8
(amplification adjustment) +2.047 V +0.1 mv With B46 +o
required value

5.4 Spare Parts

The appended Circuit Components Lists econtain the Order Numbers for all
electrical parts.

To assure the highest possible reliability of the instrument, the electrical
components manufactured in line with speclal R&S specifications are further
subjected to rigorous quality controls before being released for use.

It is therefore recommended that any component that may have beccme defective
be replaced only by R&S-tested spares.
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