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introduction

NOTE: This is & combined operating manual for both the
4072 2-Channel and the 4074 4-Channel Digital Storage
Oscilloscope.

‘Fhroughout the operating manual the following convention
applies:—

4G70 ~ refers to both the 4072 and 4074.
4072 ~ refers to only the 2 channet 4072.
4074 — refers to only the 4 channei 4074,

Gould's 4070 series of digital oscilloscopes have been
designed with the user in mind. These highly sophisticated
instruments are particularly easy to use,

To obtain a trace is especially simple — just connect the sig-
nat and press the Auto Setup button ~ the 4070 does the
rest. Having obtained a trace. three readily accessible cur-
sors make i1 easy to take timing and voltage measurcments
directly from the screen. The built-in plotter or an external
plotter using HPGL can be used to make a hard copy of the
display for future reference as well.

For the more advanced user. the 4070 series have a great
deal to offer. The GPIB(IEEE488} and RS423(RS-222
interfaces alfows control by a computer, hence the oscillo-
scope can be feft unattended whilst it continues to take mea-
surements and plot traces as and when required. All of the
operating functions can be controlled by the computer and
the oscilioscope can output complete trace data to the com-
puter for further analysis.

The 4070 incorporates a software menu system allowing

functions to be easily accessed. For example, up to four
control setups including attenuator. trigger, GPIB and
RS$423 settings can be stored in battery-backed memeory for
future use with the “Save and Recall Setups’ menu.

The trigger menu allows the 46707 triggering system to be
controlled using a “Trigger Configuration Diagram’. This is
designed to mimic the way that most users think about com-
plex triggering requirements. It displays a flow diagram
allowing various conditional triggering options to be set and
combined appropriately. Options include event counting,
time delays. and trace B to wait for triggering on trace A.

The Display menu allows controt of some of the 4070°s most
advanced facilities. For example, using this menu, it 1s pos-
sible to select the glitch detection function. This can be used
to detect transients as brief as 5ns cven on the slowest
timebuase ranges. It is also useful for alias detection in cer-
tain circumstances. Another option, particularty useful
when a frace has been magnified in the X direction, is inter-
polation. The 4070 is able to perform rapid sine interpola-
tion on captured signals. Points are calculated and inserted
between the actual samples which make up the originally
captured trace. The original trace data is not lost and the
uninterpolated display can be retrieved at any time. The
4070 can also perform linear interpolation if required,

The oscilloscope is also fitted with a keypad interface,
allowing Gould waveform processors to be connected to
provide extra functions. These include antomatic measure-
ment of risetime. overshoot and frequency.
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Auto Setup @ will always attempt to arrange the dis-
play so that twoe to five complete cycles appear, with
the amplitude sct so that the height of the trace is
reaghly two to five screen divisions, It also selects
auto trigger 1o ensure that the screen is frequently
updated and a trace will be visible.

Adjusting the Trace

The trace can be altered in two main ways: horizontally and
vertically. Basic horizontal adjustments involve altering the
sweep rate of the trace, so that the image on the screen
strerches or contracts horizontally, The main vertical
adjustment is the height of the displayed signal - i.¢. the
voits per screen division.

Horizontal Adjustment (A TIME/DiV)

To alter the sweep rate of the trace. for example 10 ook
more closely at part of the image. the A TIME/DIV paddie
is used {the B TIME/DIV paddle is discussed in Section
1.3.). With the 4kHz signal applied as discussed carfier,
Auto Sefup may have sel the sweep rate 1o 30us per screen
division hoerizontally - f.e. each horizontal s¢reen division
represents 50us worth of the input signal. This is shown by
the “TBA=30us" near the top of the display. The "TBA’
means that the A timebase s in use: two timebases are
available for each channel, namely A and B. Use of the B
timebase is discussed in Section 1.3,

A TIME/DIV @ This is a five position paddle which con-
treds the sweep rate of the trace. A gentle push causes
a smali change in the sweep rate, whilst a firmer push
will cause a large change in the sweep rate.

Given that the current sweep rate is 50us per screen divi-
sion, a single push and release of the paddle to the right will
change the “timebase’ from S0us per division to 20us per
division. The displayed signal will stretch accordingly. A
second single push to the right wili change the timebase
again, this time to 10us.

If you keep pushing the paddle to the right, you will find
that the fastest timebase s 20ns per screen division. You
may notice that at 100, 50 and 20ns per division, the oscitlos-
cope builds up the image gradually. This is because it uses
a method called ‘Equivalent Time Sampling’ or ETS for the
faster timebases. It takes a number of random samples of
the signal and adds them to the display to build up the final
resuft. This is only useful for repetitive input signals.

If you now push the paddle to the left you will see the
timebase change in the opposite direction. The maximum
time per division is 20s; the 4070 wilt take over 3 minutes to
acquire a full trace af this speed. However, assuming vou
are applying the 4kHz signal mentioned earlier, when the
timebase reaches 30ms, an "alias” becomes visibie.

Section 1

Aliases

An atias is a false image. The 4070 is a digital oscitloscope
and so takes frequent samples of the input signal in order to
update the trace. Thus # may take one sample from one
point on the input waveform and the next sample from a
point slightly further along on the next wave. ft will then
display the wave as being much longer than it really is. The
effect is similar in principle to the false motion of wagon-
wheels as seen on a television.

The 4070 does however have a feature which will often help
you to spot ahases. If the input signal peaks or troughs at
any point between samples. a peak/trough can be dis-
played. This Max-Min function is discussed further in Sec-
tion 2.4.

Vertical Adjustment (VOLTS/DIV)

Each of the channels has its own set of vertical controls. The
main control in cach case is the VOLTS/DLV (volts per divi-
sion) paddie. Again this is a five-position switch, A gentle
push either up or down will result in a slow single step
change in the sensitivity of the instrument. A firmer push
will cause a more rapid change.

VOLTS/DIV @ This is a five-position paddle. It adjusts
the volts per division. Pushing the paddle upwards
will adjust the scnsitivity as far as SV/div and the
keight of the image will be seen to decrease in accor-
dance with the changes. In the other direction, sen-
sitivity can be increased as far as 2mV per division,
increasing the height of the screen image.

Note: The 4070 can accept input signals with a peak
voltage as high as pius or minus 400V. Larger signals
can cause damage to the internal circuitry.

AC/Gnd/DC(1)

This button controls the type of coupling between the input
signal and the 4070, DC is the most generally applicable,
and aunto setup will normally set this control to DC where
possible. However, if when using the instrament you find
that there is a permanent vertical offset in the display - 1.e.
the signal is consistently displayed too high or too fow on
the screen - vou could try pressing this butten once to set it
to AC. This will cause the 4070 to remove any DC compo-
nent which may be causing the offset. Repeated pressing of
this button will cause it to cycle through the three settings
AC, Ground and DC.

With this control set to DC, the 4070 can display signals in
a frequency range of 0Hz(DC) to 100MHz. On AC, the
range is 10Hz to 100MHz. With the setting on Gad
{ground) a OV reference only is displayed (the input signal
is nof connected o ground or coupled to the trace in this
cascl.

This control s discassed in more detail in Section 1.2,
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Operating Hints

The following list gives some of the more commonly met
problems in operating digital oscilloscopes, how to correct
them, and a brief explanation of what was wrong.

You may need to consult later sections of the manual as not
all the operating features have been discussed so far.

Problem: No trace visible,

Trace intensity too low - Correct with Trace Intensity
Control.

Turn on other trace.

No stable trigger - Select Auto Trigger until

trace found.

- correct with the vertical
Position paddle.

Foo much vertical shift

Too much post storage shift- cancel post storage shift,

Input has large DC offset - AC couple input signal.
- correct with position paddle.
- use a less sensitive range.

Problem: Trace not being acquired.

- select AUTO and DC trigger,
then adjust the level control
untif the trigger level ‘bars’
are lined up with the centre
of the trace.

Trigger level incorrect

Trigger source on the
wrong input

- change trigger source.

Trigger coupling on an
unsuitable seiting

- change trigger coupling.

Hold on -~ - release Hold,

Timebase on very slow
acquisition

- adjust timebase speed.

Insufficient signal to
trigger on

- use Auto Trigger.

Instrument in single - press Continuous.

capture mode

Problem: Trace is unstable even when triggered.

Alias - check for alias with max-min
glitch detect and select a
faster timebase range.

- select DCLP or ACLP trigger
coupling.

- select bandwidth Hmit.

- adjust trigger level,

Noisy input

Trigger on AUTO - With low frequency inputs,
below 40Hz, AUTO trigger
will not work correctly.

Select Normal trigger.

- Select NORM trigger mode
and S/Shot.

- use divide by N,

Input non-repetitive

Input has many non-
1dentical trigger points

Problem: Trace has a very flat top or bottom,
Trace captured when in
limit and post storage
shift has been used.

- adjust pre-storage shift,
- use {ess sensitive range.

Problem: Trace is very ‘dotty’.

Too much horizontal
expansion

- decrease expansion.

- use igear or sine
interpolation.

- re-capture on a faster
timebase range.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AL el

Operation

shown in front of the attenuator setting when vanable is
used. Also,when switching between Cal and Uncal the var-
iable setting is memorised so that the "Uncal’ ratic can be
recalled.

Example screen display:

Cl=5V Channel 1 is set to a sensitivity of 5 volts per
screen division.

C2>20mV Channel 2 is uncatibrated and the attenuator is
set to a reduced seasitivity. (i.e. greater than
20mV per screen division.

The status of the Step/Var button is indicated by the illumi-
nated letters above the button. Depending upon this, the
VOLTS/DIV paddle will operate as follows:

Cal When Cal s iluminated the paddle steps the
attenuator through the discrete calibrated ranges
from 2mV to 5V per screen division in 1, 2, 3 steps.
With a x10 probe the ranges are 20mV to 50V per
division at the probe input.

Uncal The coarse setting of the attenuator remains
unchanged, but a variable gain is applied to the input
signal. This gain has a range of 1 to about 4.4, Thus,
with an initial setting of 1V, the actual sensitivity of
the channei could be set by the paddle to anywhere
between 1V and 2.5V per division.

Note: If the Gould PB36 x10 probe is used, it will be
detected and the correct sensitivity will be displayed.

Position (5)

The Position paddle controls the vertical position of the
trace{s) for its channel. it has the following settings: Fast
up, slow up. no shift, slow down and fast down.

If either of the A or B Post Storage lights are iit, then the
Positien paddle will apply ‘post-storage shift’ to the relevant
trace(s}. The paddic will move the trace in the same way as
before. When the light is off, the trace will return to ifs orig-
inal vertical position. This shifted position ts memorised
and can be recalled later by switching the light on again.
When post-storage shift is used, any part of the trace which
would have been offscreen at the ADC limits will be
replaced by a horizontal line.

Post Storage @

The three Post Storage buttons, Hold, A and B, are used for
freezing a trace and determining which traces may be
affected by the Position paddle:

Hold Freezes the trace on the screen the moment it is pres-
sed. In dual timebase mode, both traces will be held.
It is not possible to have one timebase held whilst
keeping the other one live.

Section 1

A Pressing this button switches the A light on and off.
When the A light is illuminated, the Position paddle
will add post-storage shift to the A trace.

B Pressing this button switches the B light on and off.
When the B light is luminated, the Position paddie
will add post-storage shift to the B trace.

Note: Post-storage shift is only available on live traces
when in dual timebase mode, when it is useful for pro-
ducing trace separation. Post-storage shift may be
added to traces in single timebase modes, but only
when held.

Cursors

The cursors may be called onto any channel by pressing the
respective channel's Carsor button, If only one timebase is
in use then the cursors will go onto the only displayed trace,
In dual tmebase mode, the cursors will initially appear on
trace A: a second press of the button will transfer them to
the B trace. A third press of the button switches the cursors
off.

For a full description of cursor operation, see Section 1.6.

1.3 HORIZONTAL POSITION AND TIMEBASE

The controls discussed in this section allow the trace to be
moved sidewavs, magnified (i.e. stretched). and observed
at widely varying sweep rates, allowing signals of greatly
differing characteristics to be examined with equal ease.

Timebase Settings @

The two timebases which are available for the input signal
are set by the A and B “TIME/DIV’ paddles. As with all the
paddles. these are five position switches; they control the
rate at which the timebase is changed.

Moving cither of the paddles to the left reduces the sweep
speed (acquisition rate) for that trace. When 20 seconds per
division s reached, further leftward presses will be ignored.
Moving the paddle to the right increases the sweep speed,
up to & maximum of 20ns/div (see ‘Equivalent Time Sampl-
ing” below). The paddles change the timebase in 1, 2, 5
steps.

One of the special features of this oscilloscope is its ability
to display the input signals alternately on two independent
timebases. For example, it is permissible to display the A
trace with its timebagse set to Ims/div and then display the B
trace with its timebase set to 20us/div. Visually of course,
the alternation is s¢ fast that no flickering is visible.

Note: The fastest non-ETS (see below} capture rate is
250ns per division. There is no 200ns/div range.

Equivalent Time Sampling

The three fastest timebase ranges, 100, 50 and 20ns/divi-
sion, are produced by Hquivalent Time Sampling, or ETS.

11
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Trace Position @

The Position paddte is used to move the trace to the right
and left. The paddle has five settings: fast right. slow right;
no shift; sfow left; and fast left. In addition, after a few
moments on the fast settings the rate of shift accelerates.
The position of the cursors (see Section 1.6 for more about
these} is fixed in relation to the trace and they will move
with the applied shift. With X magnified traces. the cursors
can be off-screen. To bring them back into view it is neces-
sary t0 use the CURSOR position paddles.

1.4 BASIC TRIGGER CONTROL

The trigger facilities offered by the 4070 are very com-
prehensive; those discussed here are controllable directly
{rom the front panel. For the more advanced menu-control-
led facifities. see Section 2.3

The default setting of the instrument on first power-up is as
tollows:

The A trigger will be set (o initiate captures on the A
timebase range and the B trigger will be set to initiate
captures on the B timebase range.

If no buttons are pressed within 30 seconds of power down,
then the power down trigger sctting will be retained on
future power-up.

N
TT-A/B TRIGGER AN
J Lt iti
staws 171 | F ! \L 2
A = e Ao
. ,...f"’é' Source Coupling

Norm

@ [’[_“’:]j Time

Section 1

Selecting Source and Coupling

The two trigger channels A and B may be setindependently
to any of the allowable combinations of source and coupl-
ing. When EXT, external input. is sclected as the trigger
source, A takes its input from the EXTERNAL TRIGGER
A BNC socket, and B takes its input from the EXTERNAL
TRIGGER B BNC socket.

A/B TRIGGER . This button controls which channel’s
status is viewed on the LED display. The light above
the button shows which channel is currently being
displayed. When selected in this way the source and
coupling buttons will change the setup of the channel.

Source @Stcps through the available options of trigger
source. After line has been selected. a further press
of the button returns the selection to CHI.

The options are;—

4072 - CH1, CH2, EXT and LINE.
4074 - CH1. CH3, EXT and LINE.

Coupling @ Steps through the available options of
trigger coupling. These are AC, ACHP(AC High
Pass), ACLP(AC Low Pass),DC, & DCLP{DC Low
Pass). After DCLP has been sclected, a further press
of the button returns the seiection to AC. All the cou-
plings can be used with the internal and EXT sources.
For LINE, the input coupling is not selectable.

' S/8hot ficld  Contmuo
Tr:g(ﬁ Ary Stord

lope TRIG VEL GER DELAY

g
' I i ®
Events o e

Figure 1.4.1 Trigger Controls (Both 4072 and 4074)
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Trigger Delay

This option allows the user to set two types of delay: delay
by time and delay by events. The initiation of a capture wili
net then take place until the delay conditions, as described
below, have been met. The two types of delay are com-
pletely independent and it is possible to combine the two, A
trigger event as discussed below is a valid trigger as set by
the Source, Coupling, TRIG LEVEL and Slope controls,

Delay by Time @

This is set by the Time TRIGGER DELAY paddie. This

has five settings: decrease time fast, decrease time slow, no

change, increase time slow and increase time fast. The
delay time step size is dependent on the chesen timebase
setting.

Time A gentle push to the left decreases the time delay; a
firmer push causes the delay to decrease at a faster
rate. A gentle push to the right increases the time
delay; a firmer press increases it at a faster rate. I the
delay changes to zero, there will be a pause before the
change continucs.

If the time delay is zero, the trigger point will be at the left-
hand edge of the screen. When the delay increases from
zero, the display shows events after the trigger point: i.e.
the trigger point moves to the left and disappears from the
screen altogether. The maximum delay is dependent upon
setting.

Timebase Range Maximum Delay

20s/div 1o 0. Ims/div 9 9g
50pes/div to 50ns/div 0,99s
20ns 0.4s

The current trigger delay setting is shown in the screen text,
TBA = 100us Trig Dly = 300.0us

The A timebase is set to 100 microseconds per division and
there is a delay of 300 microseconds from the trigger point
to the start of acquisition. i.e. 3 screen divisions,

When the time delay is decreased from zero, the display
shows events leading up to the trigger point: i.e. the trigger
point moves to the right and pre-trigger events are cap-
tured. The maximum amount of pre-trigger or negative
delay time that can be captured is T whole sereen. When this
is reached, the trigger point is on the right-hand edge of the
screen.

Negative delay time is displayed on the screen as a percen-
tage of pre-trigger. e.g.

TBA = 50us Pre Trig = 30.2%

The A timebase is set to 50 microseconds per division and
there is -150.5 microseconds delay. In other words, the trig-
ger peint is just over three divisions from the left-hand side
of the screen.

Section 1

Delay by Events @

NOTE: This function is available when either A divided by

N or B delayed by N is selected from the trigger mepu (see

section 23.

This eption allows the user to control the number of trigger

events to be detected before a trace is to be acquired. The

delay is set by the Events TRIGGER DELAY paddie. This
too has five settings: fast decrease; slow decrease; no
change; slow increase and fast increase.

Events A gentle push to the left decreases the number of
events, a firmer push decreases the number of events
at a faster rate. A genfle push to the right increases
the number of events, a firmer push increases the
number more quickly.

The number of events currently selected is shown on the
screen; e.g.

TBA = 1(0us Events = 3

The A timebase is set to 100 microseconds per division and
the displayed trace was captured after three valid trigger
events were detected.

The minimum number of events delay is zero, whereby the
trace will be captured following the first trigger event. The
maximum number of events by which capture can be
detayed is 999999 (see Section 2.3),

Note that A + N and B delayed by N cannot be selected
together.

1.6 BASIC CAPTURE FACILITIES

The basic capture facilities on the 4070 allow the user to
freeze the trace on the display. There are two ways to do
this: a single-shot capture whereby a full screen is acquired
then frozen. or by pressing a Hold button. Using a Hold but-
ton freezes the display the moment it is pressed; this can
cause a discontinuity in the trace as the displayed waveform
may contain data {rom more than onc capture.

S/Shot @ This button arms the instrument for a single-
shot capture. The Arm’d light will be illuminated to
show that the button has been pressed.

Arm’d  (4) This light illuminates after the $/Shot button
has been pressed; it will stay lit until either a valid
trigger has been received or until the Continuous but-
ton is pressed,

Stor'd @ This hight illuminates on completion of a
single-shot acquisition. This is after the instrument
has been Arm’d, triggered and a trace acquired. The
ight will stay juminated until the instrument is re-
armed or Continuous is pressed.

Continuous @ This button puts the 4070 in continuous
capture mode (i.e. its default state). The instrument
will automatically re-arm itself after each capture is
completed; this enables the displayed traces to be
updated as frequently as possible.

15
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On the 4070 there are three buttons labelled *Heold’. One is
located ina group including buttons 8/Shet and Continuous:

Hoid @ Freezes the displayed traces immediately irres-
pective of the stage any ongoing acquisition may have
reached. The Hold lights of the respective channels
witl be illurinated. To release hold simply press the
Hold button again.

The other two ‘Hold’ buttons are associated with the
two vertical channels; they can be found next to the
Position paddies. (See Section 1.2).

Hold These buttons freeze the traces of the selected chan-
ael only. The Hold light will be iHluminated. To
release the channel hoid simply press the channel
Hold button again. {Sce also Sections 1.2 and 1.3).

1.6 CURSOR MEASUREMENTS

The 4070 allows you to take direct measurements from the
screen display automatically, using inbuilt cursors. These
are movable reference lines which the oscilloscope can dis-
play. It takes the measurements between these lines.

Cursor Selection @

The cursors for each channel are switched on or off using
the Cursor button for the respective channel. If the cursors
are on, this will be indicated by a light above the button, 1f
X magnification {see Section 1.3) is in use. the cursors may
not be visible on the screen, but thisis casily remedied using
the paddies described below. The cursors can be used on
either the A or B traces, selected by successive presses of
the button, assuming both traces are active.

Cursor One press of this button brings the cursors onthe A
timebase frace, Another press moves them to the B
timebase trace. A third press of the button switches
the cursors off. If only one timebase is displaved, the
cursors will be called up onto that trace; a further
press of the button will de-select the cursors.

The Cursors

Once activated by a press of the Cursor button, three cur-
sors will appear, as indicated in Figure 1.6.2. The large
dashed vertical line is the ‘time datum’ cursor and the short
vertical line is the ‘minor’ cursor. The dashed horizental
tine is known as the ‘voltage datum’ cursor. Note thatif the
cursors are aiready selected for one channel, selection of
cursors for the other channel will automatically swap them
over to the new channel. Movement of the cursors is
achieved using the DATUM and CURSOR paddies.

Movement @

The three cursor mevement paddles are cach five-position
switches. The left-hand DATUM 3 paddle moves the vol-
tage datum cursor vertically, and the right-hand DATUM
paddle moves the ‘time datum’ cursor horizontally. The
Cursor paddle moves the minor cursor along the trace - e,

Section 1

the minor cursor, when moved honizontally, automatically
follows the trace up and down as well.

Making Measurements
Example: Frequency and Peak 1o Peak Voliage.

In Figure 1.6.2, the time and voltage datum cursors have
been positioned using the DATUM paddles so that they
cross at the trough of the waveformy. The minor cursor has
been positioned at the peak of the waveform using the Cur-
sor paddle. The voltage is given at the bottom of the display
in the form “TRIA: 5.25V". In other words. the vertical dif-
ference between the point where the minor cursor interse-
cts the trace and the voltage datum cursor1s 5.25 Volts. The
“TR1A tells you that the measurement was obtained from
channel { trace A.

At the bottom right of the screen is the reading *551.0 ps’,
te. the time difference between the minor cursor and the
time datum cursor is 551 microscconds. This reading is for
half a cycle, so the reading for a full cyele should be 1102
microseconds. The frequency is therefore 1/.G1102 =
907Hz. Greater accuracy could be obtained by moving the
minor cursor to the next trough {where the voltage differ-
ence is zero} and finding the frequency for a complete cycle.
In general, greatest accuracy is obtained by taking measure-
ments where the slope of the waveform is at its steepest,
such as at @ Volts rather than at -2.125V as in this example.

Example: Rise Time

The rise time of a wave is the time it fakes to traverse the
central 80% of its vertical movement, To measure the rise
time of, say, a simple sine wave such as that shown in Figure
1.6.3, you would first of all measure the peak to peak vol-
tage as shown in the previous example. Suppose the result
of this measurement is 5.25V. Now you would move the
time datum cursor to the right using the right-hand DATUM
paddie until it is at a point 1% of the way up the waveform.
Also, uvse the left-hand DATUM paddie to move
the voitage datum cursor up so that it intersects the time
datum cursor at the point where it crosses the trace. This
would be where the vertical difference between the voltage
datum cursor and the miner cursor was 3.25-
(.525=4.725V . You would then move the CURSOR paddle
so that the vertical difference reduces to 4.725-0.525 =42V
The reading in the lower right-hand corner of the screen
would then be the rise time.

1.7 INPUT/OUTPUT

The 4070 is equipped with RS423 and GPIB{IEEE488)
interfaces, altowing communication with a host computer.
In addition, there s also a keypad option and a Miscellane-
ous /O connector, which among other things is used for the
analog plot cutputs.
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Waveform Processor

Waveform processors are optional extras. They provide a
variety of wavetorm precessing functions such as automatic
measurement of risetime, overshoot, frequency, period,
and a aumber of fifter and summation functions. Operation
mformation on the current waveform processors available
from Gould is available in section (6).

Note: Only a Gould keypad should be fitted to the
waveform processor socket. Incorrect connection could
damage the internat circuitry,

Miscellaneous Input/Qutput

This connector is fitted to the rear panel and allows connec-
fion {o the analogue plot outputs.

The connections are as below.

Tabie 1.7.1 The Miscellaneous Input/Qutput
Connector.

Pin No. Name Description

1 Plot X out Plot X ramp

2 Y2 Pletout Y2 output channel
3 not used

4 PL.2 Pen Lift2

] OVA 0V analogue

6 EXTPC Externat Plot Clock
7 OVL 0V Logic

8 not used
9 Plot Y out

¢ Y1 outputchannel
10 notused

i PLI Pen Lift 1

12 GVA 3V analogue

I 45V +3V, 100mA max.
M 0VL OV Logic

15 0VL 0V Logic

Note: The +5V output on this socket is for test pur-
poses only. Ifitis used for any reason then the total cur-
rent must not exceed 100mA.

Plotting

There are five methods of plotting captured traces from the
4070, These are: internal plotfer; RS8423; GPIB; single-
channel analogue; and dual-channel analogue. All five
types are initiated by pressing the Plot button. Normally,
the 4070 will default to plotting with the internal plotter. To
change to any other type, Sec Section 2.7. Once another
type has been selected this will be the default setting on
power-up.

Plot Pressing this button causes the chosen plotter to
make a copy of the screen display.

Abort If Abortis pressed while a plot is in progress then the
piot is terminated. The present character/line being
drawn will be completed and then normal ’scope
operation will be resumed.

Section 1

Note: /t is possibie for there to be a slight discrepancy
between the position of the plotted trace with
respect to the graticule {screen grid) and that of
the displayed trace. This is dusg to the effects of
time and temperature on the tube and jts display
driving circuits, These can cause small offsets to
occur on the display, but will have no effect on
the graticule, which is part of the display tube
glassware.

The Internal Plotter

The internal plotter of the 4070 enables the user to take
copies of the screen display. The plot output includes the
graticule (screen grid), a border, all displayed traces and
some alphanumerics.

The plotter has four pens: black, blue, green and red. The
grid, border and on-screen alphanumerics are plotted in
one colour. Each of the four traces has a separate colour of
its own, and at the end of each trace an iientifier line and
tabel is drawn to distinuish it, see Figure 1.7.1,

To load paper or install pens sce below.
In addition to its normal function, the Abort button will also

feed enough paper to enable easy removal of the partially
plotted picture.

Paper Loading

Please use only Gould paper {Part No: — 04101163 for a
pack of 8 rolls}.

When loading the internal plotter please follow these steps:

1. With scissors, cut the end of the paper square.

2. Open the printer cover by depressmyg the carch and
lifting the cover untif it is fully open.

3. Remove the cardboard roll from the shaft (if the plot-
ter has been used previously).

4. Insert the end of the paper into the slot in the bottom
of the plotter.
5. Insert the shaft into the roll and place the roll of paper

into paper compartment,

TR1A. 288V 7.120ms

U DATE: NOV 05/86
e o g e L TiE 00:36:16

~ TR1A: 180V 2ms

- TR2A: 500mV 50us

Figure 1.7.71 Example of Plot Output.
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3. Mixed A and B traces
Each A trace s paired with its equivalent B trace; H
an equivalent trace is not present, the trace is paired
with itself, e.p. TRACELA, TRACE3A, TRACE3R
will generate the output sequence,
Y1 =TRACEIA.Y2 = TRACE!A
Yi=TRACE3JA Y2 = TRACE3B
Y1 =TRACE2B, Y2 = TRACE2B.

4074 Plotting Order

When plotting a Y-T display in single pen analog mode, the
eight traces witl be outputin the following sequence:~

TRACEIA, TRACEZA, TRACE3A, TRACE4A,
TRACEIB, TRACE2B. TRACE 3B, TRACE 4B.

Note: the output trace piot will be available at both the Y1
and Y2 outputs,

When plotting an X-Y display in single pen analog mode,
the sequence from Y1 will be the same as for Y- T mode. but
the channel supplying the X signal will be available at both
the X and Y2 outputs,

An X-Y display in dual pen anatog mode behaves in the
same way as the single analog plot,

When plotting a Y-T displav in dual pen analog mode, there
are three different sequences:—

1. A traces only
a) single trace displayed. outputto Y1 and Y2
b} two traces displaved. “earlier” trace 1o Y1, other
trace to Y2, e.g. for
TRACEZA and TRACE3A.
Y1 =TRACEZA Y2 = TRACE3A
c¢) three traces displayed. The traces are paired as
TRACEIA with TRACE3A and TRACEZA
with TRACE4A; if a trace’s pair is not present it
is paired with itself. The “earlier™ trace of the pair
will be directed to Y1, e.g. TRACEILA,
TRACE2A and TRACE4A will first output
Y1 =TRACELIA, Y2 =TRACEIA
and then output
¥1=TRACEZA.Y2=TRACE4A
d) four traces displayed. The traces are output as
Yi=TRACEIA,K Y2 = TRACE3A
followed by
Y1 = TRACEZA . Y2 = TRACE4A

2. B traces only
For B traces only the output sequence is the same as
that for case 1., but using the B traces.

3. Mixed A and B fraces
Each A trace is paired with #ts equivalent B trace: if
an equivalent trace is not present, the trace is paired
with  itself, <¢.g. TRACEIA, TRACE3A,
TRACEZB, TRACE3IB will generate the output
seguendce.
Y1 =TRACEIA, Y2 = TRACEIA
Yi=TRACEZB, Y2 = TRACEZB
Y1 =TRACE3A, Y2 = TRACE3B.

Section 1

RS423

R8423 is an upgrade from RS232. Provided cabling and
handshaking are correctly set then there should be no prob-
lems interfacing the 4070 RS423 to any R8232 or RS423
equipment.

One difficulty that can be encountered in using RS423/
RS232 is the direction of the data and handshake lines. This
is usually overcome by making up special cableforms. On
the 4070 it has been overcome by having all the lines inter-
nally settable.

The instrument is shipped from the factory with the follow-
ing configuration:

Table 1.7.3 The RS423 connector

Pin No. Name Description

I OVL 0V Logic

2 T Transmmit Data

3 RX Receive Data

4 RTS Request To Send

3 CTS Clear To Send

6 DSR Data Set Ready

7 OVL OV Logic

8 pCcD Data Carrier Detect

9 True R5423 Logic True
14 True RS423 Logic True
20 DTR Data Terminal Ready

To re-set the connection order or to remove the handshak-
ing it is necessary to gain access to the inside of the instru-
ment.

Changing the RS5423 Connections

It is recommended that this operation be carried out by suit-
ably qualified personnel.

WARNING: Once the covers are removed from the
instrument dangerous voltages are exposed. In
particular, the area around the tube base will
have voltages in excess of 2kV, which may be
refained for several minutes after power down.

1. Remove the mains connector,

2. Remove the top cover. Use the correct tools as dam-
age to the screw heads could make the cover very dif-
ficult to remove.

3. Carefully examine the contents of the instrument.
You will notice there are six cards in a rack (4G74=7)
to carry out this cperation you will need to remove
the Input/Gutput board. This is situated nearest to
the display tube.

4, Remove the card retaining bar,

5. The /O board is situated in the middie of the instru-
ment,nearest to the dispiay tube. It is also identifi-
able by the cableform entering it towards the rear.
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Strings
A string is the smallest complete message that can be sent
over the bus.

c.g. "“HSA=3E+3"

Commas may be used as separators within o string and
semi-colons can be used to separate strings from each other.
e.g. "HSA=3E+3:8Ti=1,23....."

A string may contain only ASCIT characters, except binary
blocks {see later). The space, character codes above 127
(decimal) and control codes other than line feed will be

ignored.

Numbers

Numbers that appear in commands must conform to certain
conditions:

1. the number must contain less than 20 characters:

2. the mantissa must be an integer. i.e. it must not con-
tain @ decimal point;

3. the mantissa may contain a sign (+/=):; + will be
assumed if rone is specified:

4. the exponent is optionai; if included it must be pre-
ceeded by an 'E’;

5. the exponent may contain a sign; if omitted + is
assumed

Blocks

The buffer of the 4070 is of limited size: when large data
transfers are being carred out it is necessary to break them
into smaller groups, or blocks. Differences arise here bet-
ween R5423 and GPIB working. RS423 accepts <cm and «If>
as terminators in different combinations. The GPIB port

- does the same, but in addition, the dedicated EOI (End Or

Identify) bus line may be used. This line can be asserted
with the final character of a transfer to signify end of trans-
misston fas opposed to end of block). In the 4070 this is
optional, the command EOI being used to enable or disable
the use of this line, Block termination codes available for
both ports are as follows (reference to EOI clearly relate
only to GPIB working):

As separator between blocks:
1. <«wrr db
2. «Jf> without EGI asserted.

As final biock terminator:
3. «ery db  EOT asserted with <.
4. Jgf with EOI (if EQ1 = ON has been set).
5. «df without EQI (if EOI = OFF has been set),

Records

A record is a group of one or more command strings. The
strings will be separated by semi-colons within the record.
Records are separated in the same way as blocks and there-
fore the final record must be terminated by methods 3, 4 or
5 above.

Section 1

The simplest form of record has a single string and is termi-
nated by a «If: with EOI.

e.g. "HSA=5E-3 <" EOI asserted with <16

If a record {or a block)} exceeds 82 characters, the command
interpreter will process the record as far as # can.

Each complete command string within the 82 character
group will be executed, though an error message may be
returned if part of a further command string occurs at the
end of the buffer. This command will however be correctly
exccuted once it has been received complete.

Command Types
There are three types of command:

Interrogative This is a request for information about instru-
ment status or for the contents of a2 memory to be
fransmitted,

Assertive These commands request a change in one of the
settings or memory of the iastrument. They are only
valid when in Remote of Local Lock Out mode. They
have the form 'parameter=setting’.

Direct Action Assertive These commands have a direct
action rather than changing a setting. They are only
valid in Remete and Local Lock Out modes.

Service Requests

Service requests are generated by the 4070 toinform the bus
controlier that some event or problem has occurred. These
have no effect upon the instrument and may be ignored. In
response to a serial poll or the SRQV command the 4070
will supply a number. This has the meaning given in Table
1.8.1.

Table 1.8.1 Service Requests

SRQ No, Meaning
0 Ok

74 Completed

96 Invalid command

98 SR stack overflow

59 Command buffer overflow
100 Selection failure
1t Notallowed when Local
12 Syntax error {parameter fieid)
103 Number out of range
104 Length error (bulk transmissions)
105 Checksum error

Sending and Receiving Stores

There are a few points to note when fransferring data from
the display trace stores and the refereace memory stores.
The data may exceed the host computers’ buffer size, and
may alse require a considerable amount of time to transfer
{particularly using RS423 at a low baud rate).
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Octal Data Transfers

Octal numbers are transmitted in ASCII coded Octal, the
format 15 as folows:

1

The header is followed by 1008 three character octal
numbers separated by commas or «n+lb.,

The numbers are unsigned and in the range 000 to
377, with 000 corresponding to the bottom of the
screen.

Leading zeros are transmitted but suppression is
acceptable on the input.

Numbers 6 through 8 under the heading ‘Decimal
Data Transfers’ also apply.

Section 1

Hexadecimal Data Transfers

Hexadecimal numbers are sent in ASCII as two Hex digits.
The format 15 as follows:

i

The header followed by 108 two character hexadec-
imal numbers separated by commas or «codfi.

The numbers are uasigned and in the range 60 to FF
with G0 corresponding to the bottom of the screen.

Leading zeros are transmitted but suppression is
acceptable on the input.

Numbers 6 through § under the heading ‘Decimal
Data Transfers’ also apply.
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HMOD

HOLD*

HS[A][B]
INT

INV*
LOCK

MODE

MSAV*
MSTX*
NB

PBG*

PH—
PH+
PLOT
PLRT

PLTDST

PLTGT
PLTMD
PLTR

RCLMS*
REFM"

REL
RM*HS
RM*VS

A

B
ALTB
ON
OFF
number
DOT
DOTI
LIN
SINE
ON
OFF
ON
QFF
ROLL
REFR
XY
PTR

datafield
BIN
OCT
HEX
DEC

xi

x10

X100

0.005
0.01

0.05

0.1

0.5

1

5

10
EXTERNAL
GPIB
ANSGL
ANDL
PRNT

SRL

ON

OFF
AUTO
SNGL

ON

OFF

muass transfer
TRCIA
TRCIB
TRCZ2A
TRC2B

number
-] Inumberi~]

Horizontal Mode

Channel Hold

Herizontal Scaling
Interpolation

Channel Invert
Hold all Channels

Acquisition Mode

Save Machine Setup
Transmit Machine Setup
Number Base

Probe Gain

Phase Shift ~ve

Phase Shift +ve

Start Plot

Plot Rate (DIVS/SEC)

Plot Pestination

Plot Graticule
Plot Mode

Piot Traces Only

Recall Machine State
Reference Store Transfer

Release
Reference Trace Hor. Scaling
Reference Trace Vert. Scaling

Section 1

Al

ALl

ALl

ALl
Al

)

Al

PUTD

Al

Al
ALl

Al

ALl
ALl
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Function:  Add Channels I and 2
Type: Assertive, Interrogative
Syntax: ADDI2

ADD12=[ON] or [OFF]
Explanation: This command causes input channels T and 2
to be added together hefore being digitised. The resulting
trace is placed in the Channel 1 siore.

Examples: ADD12
‘ADD12=0N’ (4070 response)
ADD12=0FF

See also;  Section 2.4

Function: Add Chanpels 3 and 3 (4074 only)
Type: Assertive, Interrogative
Syntax: ADD34

ADD34 = (ON) or (OFF)
Explanation: This command mput channels 3 and 4 to be
added together before being digitised. The resulting trace is
placed in the channel 3 store.

Examples: ADD34
CADD34 = ON (4074 response}
ADD34 = OFF

See also:  Section 2.4,

Function: Complete Machine Status
Type: Interrogative
Syntax: AlLL

Explanation: This causes the complete state of the instru-
ment to be output as though the relevant interrogatives had
been sent. Its response will be a number of strings each

I

separated by *;’, if the block length is non-zero then each
block will be separated by «n<df with 01, if selected, set
on the final df>.

Example: ALL
‘ADDI2=0N;..,. WIND =0,1007 <’

See also: HELP

Function: Arm
Type: Direct Action Assertive
Syntax: ARM

Explanation: This command produces the same effect as
pressing the front panel S/Shot button.

Service request 74 will be generated when the trace has
been stored. If, for some reasen, the trace cannot be cap-
tured, service request 100 will be generated.

Notes: It is not possible to arm the instrurnent with this com-
mand if:

7. LOCK is on;
2. Allthe traces are in hold;

3. The instrument is in LOCAL;

Section 1

4. The instrument is in menu mode.

See also: Section 1.5

Function: Autocal
Type: Assertive, Interrogative

Syntax: AUTCAL
AUTCAL = [ENABLE! or [DISABLE] or
[FORCE]
Explanation: Autocal performs a regular adjustment cycle
on the CCID in the acquisition system and also balances the
Y-amplifier. This can be controlled remotely eg. to avoid
the function cotnciding with a timed measurement process.
Note that if the function is removed for extended periods
the trace may become noisy particularly on fast timebase
speeds.

Function:  Averaging

Type: Assertive, Interrogative

Syntax: AVRG
AVRG=number

Explanation: It is possible for the 407{ to continuously cap-
ture traces and the new trace is added to the old and the new
trace is weighted by the factor. When AVRGissetto 1then
the feature is disabled. The allowable options are: OFF, 2,
4,8, 10,32, 64, 128 and 256.

Examples: AVRG
"AVRG=4 (4070 response)
AVRG=128

Note: If this feature is used with Max-Min then the resulls can
be unpredictable. When Roll is selected the first sample of
each capture can be either a Max or a Min, but not neccessar-
ily the same type on successive captures. This can cause Max-
ima to be averaged with Minima.

See also: Section 2.4

Function:  Auto Setup
Type: Direct Action Assertive
Syntax: AUTSET

Explanation: This command produces the same effect as
pressing the Auto Setup button on the front panel.

See aiso: Section 1.1

Function: Block Length

Type: Assertive, Interrogative
Syntax: BL
BLL

BL=number
BLL=gnumber

Explanation: This command defines the Jength of the blocks
used during bulk transmissions. Its defauit state is zero,
which selects infinite length blocks. Values from 0 to 256
may be used. Apart from zero these specify the maximum
number of characters that will be sent before a scrdfs.
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Explanation: In its assertive form this command moves the
time datum cursor to the specified position on the screen.
The range is 0 to +10.07. zero being the left-hand edge of
the screen and 1147 being the right-hand edge.
Examples: DATMH=94

DATMH

‘DATMH=3.7" (4070 response)
See also: DATMVY, CSRHP, CSRVP, Section 1.6

Function:  Voltage Datum Position
Type: Assertive, Interrogative
Syntax: DATMY

DATMV=number
Explanation: In its assertive form this command moves the
voltage datum curser to the specified position on the
screen. The range is +/—4.48, zero being the centre of the
screen and +4 being the top of the grid.
Examples: DATMV =(.5

DATMV

"DATMV =135 (4070 response)
Seealso:  DATMH, CSRHP, CSRVP, Section 1.6

Function: Bisplay Menus or Traces
Type: Assertive, Interrogative

Syntax: DISPLAY
DISPLAY=[TRACE] or [MENU][rumber]

Explanation: This command controls whether traces or
mernus are displaved. If menus are chosen then this is
accompanied by the menu number:

MENUO0 - Master Menu

MENUT - Status Menu

MENUZ - Trigger Meau

MENTU3 - Display Menu

MENU4 - Help Menu

MENUS - Save and Recall Setup Menn
MENUS6 - Plot Menu

MENUT - O Interfaces Menu

MENUS - TV and Special Functions Menu

The trace display consists of those traces selected by CH”*
command.
Examples: DISPLAY=MENL4

DISPLAY
‘DISPLAY=TRACE’ (4070 response)

See also: CH*, Section 2.1

Funetion: Enad or Identify
Type: Assertive, Interrogative

Syntax: EOI
EOI=[ON] or [OFF]

Section 1

Explanation: This command affects only the GPIB inter-
face, When EOI s asserted this indicates the end of the pre-
sent trapsmission. If EOT=0FF then EO! will be ignored if
asserfed. EQOI = ON is the defauit at power on.
(Sec ‘Blocks’ Section 1.8).
Examples: EOI=0FF

EOT

‘EOQI=0FF (4070 response)

Function:  Glitch Detect
Type: Assertive, Interrogative
Syatax: GLDET
GLDET=[OFF] or [MAX] or [MIN]
or (MAXMIN]
Explanation: This command allows the glitch detector of
the 4070 to be configured as if from the menu.

Examples: GLDET
‘GLDET=0FF (4070 response)
GLDET=MAXMIN
Seealso:  Section 2.4
Function: Horizontal Expansion
Twpe: Assertive, Interrogative
Syntax: HE
HE={1], [2]. [3], [10] or |20}
Explanation: This command allows the present X magnifi-
cation to be interrogated or a new value set. This works in
the same way as the front panel buttons X Mag ON and X
Mag 2p20, although this one command can perform both
functions. There are five possible options, x1 or OFF, x2,
x5, x10 and x2(.

Examples HE=3
HE
‘HE=1" (4070 response)

Notes: In the same way as the front panel buttons, HE
expands the trace around the present centre of the screen.

See also: HSA, HSB, INT, Section 1.3

Functien: Helle Message
Type: Interrogative
Syntax: HELLO

Explanation: This command returns the message ‘Gould,
4072, Software issue no.’ or ‘Gould, 4074, Software issue

]

no.

Function: Command List
Type: Interrogative
Syntax: HELP

Explanation: When this command is issued the 4670
responds with a list of all the allowable command names.

See also: ALL
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Function: LOCK, Hold All Channeis
Type: Assertive, Interrogative
Syntax: LOCK=[ON] or [{OFF]

Explanation: When LOCK is asserted all channel traces are
held, even if part way through an acquisition. The action of
this command is exactly the same as the Hold button on the
front panel,

Example: LOCK=0N hold all traces
Seeaiso: HOLD, Section 1.3

Functien:  Acquisition Mode
Type: Assertive, Inferrogative

Syntax: MODE
MODE=[ROLL]. [REFR], [XY] or [PTR]

Explanatien: There are four capture modes on the 4670

1. ROLL Chart recorder mode: the data comes in from
the right-hand side of the screen and travels to
the left-hand side . even in the absence of a trig-
ger. Fhis s only valid at timebase ranges slower
than 20ms/div. At faster ranges REFR and
ROLL are indistinguishable.

2. REFR Refresh mode: data is plotted from left to right
across the screen, after a valid trigger is
received.

3. XY XY mode: Channel 1 is displayed as the X or
horizontal part of the trace and Channel 2 as
the Y or vertical part. In 4074, Channels 3 and
4 are also displayed as the vertical part.

4. PTR Pre-Trigger Roil: this mode is a combination of
ROILL and REFR in that any part of the trace
that was captured before the trigger point will
behave like ROLL while the rest will be
refreshed. In the same way as ROLL, this is
only valid on timebase ranges slower than

20ms/div.
Examples: MODE=XY
MODE

MODE=PTR’ (4070 response}

See also: Section 2.4.

Function: Save Machine Setup

Type: Direct Action Assertive
Syntax: MSAVIL

MSAV2

MSAV3

MSAV4

Explanation: This command provides the same function as
the save part of the Save and Recall Setup Menu. When this
command is asserted the present machine setup is saved
into the specified backup memory.

Example: MSAV]

See also:  MSTX*, RCLMS, Section 2.6

Section 1

Funetion:  Transmit Machine Setup

Type: Assertive, Interrogative
Syntax: MSTX1

MSTX2

MSTX3

MSTX4

Explanation: The data sent by this command is a series of
numbers that have no decipherable meaning. They can be
used to extend the number of saved machine setups. The
format of the numbers is controlled by NB and BLL.

Example: MSTX3
‘METX3= data field «en <’

Seealso:  MSAV* RCLMS, Section 4.6

Function: Number Base
Type: Assertive, Interrogative

Syntax: NB
NB=[BIN], [OCT}, [HEX] or [DEC]

Explanation: This command specifies the number base ased
during bulk data transfers. There are four options:

1. BIN Binary: each byte transferred represents the
data for one sample. This is the fastest transfer
mode. The range is from 000000008 (bottom
of thescreen)to 11111111B (topof the screen);
the centre is given by 10000000B . Not available
via R5423,

2. OCT  Octal: each data sample is sent as three
unsigned octal (base 8) digits. The range is
0000 (bottom of the screen) to 3770 (top of
the screen); the centre is given by 2000.

3. HEX  Hexadecimal: each data sample is sent as two
unsigned hex (base 16) digits. The range is 00H
{(bottom of the screen) to FFH (top of the
screen); the centre is given by 80H.

4, DEC  Decimal: each data sample is sent as a signed
decimal number. The range is -128 (bottom of
the screen) to +127 {top of the screen); the
centre is given by (. This is the slowest transfer
mode.

Examples: NB=0OCT
NB
NB=DEC {4070 response)

Notes: The number base defaults to decimal (DEC) on

power up and the selected number base is used for transmit-

ted data, the numneric base for receive data is specified in the
header of the bulk transfer. Any numbers received outside
the range for the chosen number base will generate a service

request 103.

Seealso:  BL.,BLL, TRC*A, TRC*B, REFM*
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Function:  Plot Mode
Type: Assertive, Interrogative
Syntax: PLTMD

PLTMD=[AUTO] or [SNGL.]
Explanation: On the 4070 there are two plot modes, Auto
and Single. In single mode when plot is asserted, either by
the front panel button or by the PLOT command, a hard
copy of the screen display is made on the selected plotter. In
aute mode when plot is asserted, a hard copy of the screen
is made on the sclected plotier, the instrument performs
another capture, makes a further hard copy, etc.

Examples: PLTMD=AUTO
PLTMB
PLTMD=SNGL" (4070 response)
Note: There are only two ways to stop the instrument once

AUTO mode is asserted.: press Abort on the front panel; or
send device clear.

See aiso:  Section 1.7

Function:  Plot Traces Only
Type: Assertive, Interrogative
Syntax: PLTR

PLTR=[ON] or JOFF)
Explanation: On the infernal plotter and in the two external
digital plot modes it is possible to plot traces, the graticule
and some alphanumerics, When PLTR=0ON the graticule
and alphanumerics will not be plotted, even if PLTGTON.
In analog plot modes PLTR=OFF is an invalid selection.
This command determines the format of the plot; it does
not plot anything directly.
Examples: PLTR=0N

PLTR

‘PLTR=0FF (4070 response}
Seealso:  PLTGT, Section 1.7

Function:  Recall Machine Setup

Type: Direct Action Assertive
Syatax: RCIMSI

RCLMS2

RCLMS3

RCLMS4

Explanation: This command recalls one of the backed-up
machine setups. These are setups for all the instrument’s
controls, i.e. attenuator settings, timebase ranges, trigger
source and coupling, etc.

Example: RCLMS3

See also: Section 2.6

Section 1

Function: Reference Store Transfer
Type: Assertive, Interrogative
Syntax: REFMI1 REFMSA
REFM2 REFM6
REFM3 REFM7
REFM4 REFMR
REFM*
REFM1=[Data Field], [TRCiA], [TRC2A],
[TRCIB], [FTRC2ZB], [TRC3A], [TRC3IB],
ITRC4A] or ITRC4B]
REFMZ to REFMS are identical.

Explanation: The reference trace stores of the 4070 can be
transfered to and from the host computer, or set equal to
one of the display trace stores. Each store consists of 1008
data samples, the first data sample being from the left-hand
edge of the sereen and successive samples coming from one
position further right each time,

The format of the data field s dependent on the specified
block length. If BLL=0 then this will consist of 1008 nugms-
bers in the specified nzmeric base followed by «cr> <16 with
EGT on the df, if asserted. If BLL is non-zero then the data
field wiil consist of a number of blocks of data each sepa-
rated by «r» < with EO1 {(if selected) on the last f-. The
numeric base of the data is determined by the NB com-
mand.

The command REFM™ can only be usedinterrogatively and
has the same effect as issuing the commands REFMI to
REFMS separately. The instrument responds by sending
the contents of each store in the selected number base.

It is also possible to copy one of the screen traces into a
reference store with this command. The screen traces are
referred to as TRCIA, TRCIB, TRC2A to TRC4B.

Examples: REFMI=TRCIA

REFM2
‘REFM2=37257892,..123.-54.6°

Notes: The format of the transmitied data is the same as the
received data. Additional backup stores can be created in the
host compuiter by retaining this dara and ransmitting it back
to the instrument at a later date.

See also: BL, BLLL, NB, TRC*A, TRC*B

Function: Release
Type: Direct Action Assertive
Syntax: REL

Explanation: This command has the same effect as pressing
the front panel batton Continuous.

Example: REL
See also: ARM, Section 1.5
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Function:  Service Request Value

Type: Interrogative

Syntax: SROV

Explanation: When an error 1s generated in the instrument,
either through an invalid command being issved or for any
other reason, a service request is generated. This command
allows the user to ascertain what the error is and then deter-
mne its cause. The service requests are listed below:

SR(QNo. Meaning

it ok

74 completed

96 invalid command

99 command buffer overfilow
100 selection fatlure
101 not allowed when local
142 syntax errcr in parameter field
103 number out of range
104 length error
105 checksum error

Example: SRQV
‘SROV=T74" (4070 response)

Note: The last two service request mumbers, 104 and 105, are
only generated by errors in bulk transmissions.

See also:  Section 1.7

Function: Acgnisition Status
Type: Interrogative
Syntax: STAT

Explanation: This command allows the user to determine
which stage the instrament has reached in an acquisition.
The three states are given below:

Value State

ARMD Armed but notyettriggered
TRIGD  Triggered, acquisition in progress
STORD  Stored, trace acquisition complete.

Example: STAT
‘STAT=TRIGE’ (4070 response)

See also: Section 1.5

Function: Trigger Delay by Time

Type: . Assertive, Interrogative
Syntax; TDELA
TDELB

TDELA=number
TDELB=number

Section 1

Explanation: This command allows the present value of the
trigger “delay by time’ function for imebases A and B to be
read or changed. The minimum time delay is minus 10,24
screen divisions, the maximum is given in the table below.
Negative time delays capture events prior to the trigger
point (this is called pre-trigger). The amount of pre-trigger
is expressed as a percentage, i.e. -100.0 (100% pre-trigger)
places the trigger point on the right-hand edge of the screen
and 0.0 (0% pre-trigger) places it on the lefe-hand edge.
Positive time delay settings capture events after the trigger
point, and are expressed in seconds.

Timebase range Max. TDEL
20s/div to 0. 1ms/div 89.9s
S0us/div to 50ns/div 0.99s

20ns 0(0.40s
Examples: TDEL=-30
TDEL

TEL=0.07 (4070 response)
See also: TEVNT, Section 1.4

Function: Trigger Delay by Events

Type: Assertive, Interrogative

Syntax: TEVNT
TEVNT=number

Explanation: On the 4070 it is possible to delay the start of
acquisition from arm by a number of trigger events. The
specified number of trigger events will be required before
an acguisition can begin. The range is from 1 to 999999 . The
selected trigger mode must be: ADIVN, BDELN,
BGATA-DELN or BGAT-ADIVN.

Examples: TEVNT=951

TEVNT
‘TEVNT=3" {4070 response)

Note: A frigger event is a valid irigger as determined by the
trigger source, coupling, level and siope controls.

Seealso: TDELA, TRGMDA, Section 1.4

Function:  Auto trigger mode on or off

Type: Assertive, Interrogative

Syntax: TGAAUT
TGAAUT=[ON], |OFF)

Explanation: This command allows the auto-trigger circuit
of timebase A to be turned on or off. Note that no auto-trig-
ger circuit exists for timebase B.
Examples: TGAAUT=0ON

TGAAUT

TGAAUT=0FF (4870 response)

See also: TRGMDA, TS*, TSL*, Section 1.4
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The format of the data field is dependent on the specified
biock length. H BLEL=0 then this will consist of 1008 num-
bers in the specified numeric base followed by <ep «f> with
EQI on the <6, If BLL s non-zero then the data field will
consist of a number of biocks each separated by «n Jfs with
EO!> on the last «if» | if asserted.

The commands TRC* A and TRC*B can only be used inter-
rogatively. These are equivalent to issuing the commands
TRC1A, TRC2A and TRCIB, TRC2B respectively, the
instrument respends with the data from each trace.
Examples: TRCIA=REFM2

TRC*B

TRCIB=3,20,2,1,0,.....34;

TRC2B=3.50,1,2,....,45,6 «crfy’

Seealso:  EOI, REFM*, BL., BLL, NB, WIND

Function: Horizontal Trace Scaling

Type: Assertive, Interrogative
Syntax: TRHS1A TRHS3A
TRHS2A TRHS4A
TRHS*A TRHS3B
TRHS1B TRHS4B
TRHS2B
TRHS*B

TRHSTA =number
TRHS1B=number
TRHS2A =number
TRHS2B=number
4074 only:

TRHS3A=number
TRHS3B=number
TRHS4A =number
TRHS4B =number

Explanation: When a display trace is stored the horizontal
scaling is also stored. This value can be changed or interro-
gated with this command. The range is 20ns per division to
20s per division in 1, 2, 5 steps. TRHS™A interrogates the
scaling of both the A timebase traces and TRHS*B interro-
gates both the B traces.

Examples: TRESIA=200E-3

TRHS2ZB
‘TRHS2B=5E-9" (4070 response)

Note: When the scaling has been changed the results of any
cursor calculation will be based on the new value.

See also: HSA, HSB, Section 1.3

Section 1

Function: Vertical Trace Scaling

Type: Assertive, Interrogative

Syntax: TRVS1A
TRVSIB
TRVSZA
TRVSZB
TRVSIA={-][sInumber}~]
TRVSIB={-][s]number]~]
TRVS2A=I-1[;]number[~]
TRVS2B=}{-][Jnumber{~]
TRVS3A=[-][<jhumber{~] {4074 only}
TRVS3IB= { H<Inumber[~] (4074 only)
TRVS4A =1-][<|number[~] (4074 only)
TRVS4B={-][<|number[~] {4074 only)

Explanation: When a display trace is stored the vertical scal-
ing is also stored. This value can be changed or interrogated
with this command. The rangeis 2mV per division to 5V per
division in I, 2, 5 steps. In addition to the scaling there are
three other pieces of information that may be specified:

- Trace invert

> Uncalibrated

- AC coupled

Examples: TRVSIA=3

TRVS2B
TRVSZB=2E-3 (4070 response)

-(}.5-~ means the trace is AC coupled and invert is on.
»10 means the trace is uncalibrated and the sensitivity is gre-
ater the 1OV per division.

Nete: When the scaling has been changed the results of any
cursor calculation will be based on the new value.

See alse: V8%, Section 1.2

Function: Trigger Source

Type: Assertive, Interrogative

Syntax: TSA
TSB
TSA=|[CH1], [CH2], [EXTA] or [LINE]
(4072 only)
TSB=[CH1], [CH2], [EXTB] or [LINE]
(4072 only})
TSA={CHI1], [CH3}, [EXTA} or [LINE]
(4074 only)
TSB=[CH1], [CH3], [EXTB] or [LINE]
(4074 only)

Explanation: On the 4070 there are five different sources
for the trigger channels, the two input channels, the two
external inputs and LINE. Channel A cannot use EXTB as
input and Channel B cannot use EXTA as jnput. The
exception to this is where channei A takes EXTA as input
and Channel B is using TV line coupling, TRGCB=TVL,
In this case Channct B will be using the same source as
Channel A.
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H dual timebase maode is selected then both the A and B
timebase traces will be shifted by this command,

VP* returns the values of the shift for all input channels.
Examples: VP1=7.65

VP2
WP2=-4 67 (4070 response)

Seealso:  VPS*, Section 1.2

Function:  Post Storage Shift

Type: Assertive, Interrogative

Syntax: 4070 4674
VPS1A VPS3A
VPS8 VPS3B
VPS2A VPS44A
VPS2ZB VPS4B
VPS*A
VES™B

VPSiA=number VPS3A=numbecr
VPSIB=number VPS3B=npumber
VPS2A =number VPS4A=pumber
VPS2B=number VPS4B=number

Explanation: The vertical position of traces on the mstru-
ment can be controtled in two ways: pre-storage shift and
post-storage shifi. This command controls post-storage
shift; see VS* for pre-storage shift. The input range is
+/- 4.48 screen divisions, where zero is nominally the centre
of the screen.

Examples; VPS2B=-3.8

VPSIA
"VPS1A=4.2" (4070 response)

See also; VP, Section 1.2

Section 1

Function:  Vertical Scaling

Type: Assertive, Interrogative

Syntax: 4074 4074
VSi V83
V52 V&4
V§*

VSt=[-][>inumber|[~] V$3{-]ljaumber|~}

V82=[-|[>Jnumber[~] VS4[-][<]numberi~]
Explanation: This command allows the attenuator settings
of the input channels to be interrogated or set. The range of
inputs is 2mV per division te 5V per division in 1, 2, 5
steps.In addition to the attenuator settings there are three
other pieces of information that may be specified:

Trace invert
5 Uncalibrated
o~ AC coupled
Examples: VS1=35
V52
WE2=2E-3" (4070 response)
-5~ means the trace is AC coupled and invert is on.
»5 means the trace is un-calibrated and the sensitivity is gre-
ater than 3V per division.
See also: TRVS*A, TRVS*B, Section 1.2

Function: Trace Window
Type: Assertive, Interrogative

Syntax: WIND
WIND=number!, number2

Explanation: This command is used in conjunction with the
block transfer commands. It specifies a2 window on the trace
that will be fransmitted next time a block transfer is
requested. The range for numberl is § to 1006 and for
aumber? is T to 1007, number2 must always be greater than
numberl. Only the datz samples between the two numbers
will be transferred, inclusive.

Examples: WIND=1,58

WIND
WIND=(,1007" {4070 response}

See also:  REFM*, TRC'A, TRC*B
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Trigger This consists of a ‘graphical’ menu which controis
the 4070 trigger system and allows casy setting of the
{rigger processor.

Display This menu controls how the traces are acquired and
in what format they are subsequently displayed.

Help A brief menu giving some information on various
aspects of the instrument’s operation.

Save and Recall Setup Up to four controi setups on the 4070
can be retained in the backup memory for future
recall. These save and recall features can be accessed
with this menu. The status menu allows the saved
setups to be viewed, see above.

Plot The various methods of plotting captured traces can
be set using this menu. Once set up, simply press the
Plot button on the front panel to produce a hard
copy.

1/O Interfaces This menu allows the controllable features of
the GPIB and RS423 interfaces to be set. These
include such things as the GPIB address and R8423
baud rate.

TV and Special Functions The additional trigger couplings,
TV line and TV frame, can be selected through this
menu. In addition, the time and date may also be set
for use on the plot outputs.

Controliing the Menus

The menus consist of a number of rows of texteach of which
is in line with one of the numeric buttons at the side of the
dispiay. On some of the lines you will notice there are
characters in inverse video, these show which option has
been chosen. In some cases, where the number of options is
large, only the selected one is shown. Again, you will notice
that some of the inverse characters are flashing, this indi-
cates the active line. The entry on this {ine may be changed
by the the relevant numeric button or the vertical datum
paddle,

Horizontal Datum can be used to select the active fine in the
current menu. This is in addition to using the numeric
buttons at the side of the display.

Vertical Datum can be used to select options on the active
line or skip over digits in namber entry mode (see
fater).

2.2 STATUS MENU

This menu allows the horizontal, vertical and trigger set-
tings of the instrument to be viewed. A typical display is
shown in Figure 2.2.1.

VIEW SETUP There are five possible setups on the 4070,
the four held in the backup store (see Section 2.6) and the
current setup obtained from the front panel buttons and
paddies. The setup presently being displayed is indicated by
the inverse video characters after the words “VIEW
SETUP.

Section 2

Examples:

VIEW SETUP CURRENT  The status menu is showing
the present instrument

setup.

VIEW SETUP 4 The setup in  memory
number 4 is being dis-
played.

To view a different setup simply press button number 1.
Each press steps through the five options: CURRENT, 1,
2, 3, and 4. After 4 has been selected a further press will
return the choice to CURRENT.

Mode: There are four display modes: Roll, Refreshed, Pre-
Trigger Roll and XY. The mode in the displaved setup is
indicated by the abbreviations given below:

Roll Roll
Refreshed Refr
Pre-Trigger Roll Pretrig Roil
XY XY

The four modes and how they operate are described under
the display menu, Section 2.4,

Channei Sensitivity

The input sensitivity of the input chunnels is shown in volis
per division. The range is 2mV to 5V per division. If add
mode is selected, as in the example in Fig2.2.1, 4 ‘plus’ sign
15 shown after the attenuator range for channel 1. If invert
is selected a ‘minus” sign is shown before the attenuator
range.

Timebases

The sweep rate of the two timebases, TBA and TBB, is
shown in §, ms, us or ns per division. Following this is the
trigger “delay by time’ setting. If the time delay is positive
this is given in s, ms, us or ns as appropriate. With negative
time delays the figure is given as a percentage of pre-trigger:
0% places the trigger point at the left hand edpe of the
screen, 50% in the middle and 100% at the right hand edge.

Triggering

Under each timebase line is a short description of how the
sweep is started. This is a representation of the trigger con-
figuration diagram in words, see Section 2.3 for more
details.

The bottom two lines show the two trigger channels’ source,
coupling and trigger level settings. The choeices of source
and coupling are detailed in Section 1.4,

Note: The trigger level cannot be directly related to a
position on the screen, so the figure shown is only rep-
resentative of the trigger level compared with its setta-
ble range.
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2.3 TRIGGER MENU

The trigger system on the 4070 is particularly versatile, a
graphical representation is used to facilitate ease of setup.
The menu shows two triggers entering at the top, A trig and
B trig. These represent the A and B trigger source and cou-
pling combinations. The menu shows how these are proces-
sed to nitiate the two sweeps, i.e. the A sweep and the B
sweep.

The six functions that can be introduced in the trigger paths
are described below. At the end of this section is a deserip-
tion of how they may be combined to provide compiex trig-
ger functions,

Number Entry in Menu Mode

Certain functions on the trigger menu require numbers to

be entered. This is done as foilows:

i The digits are entered one at a time, starting with the
most significant one. i.e. the left-hand digit.

2. The digit currently being entered is shown in flashing
mverse video.
3. After each digit is entered the next one to the right

begins to flash.

4, After all digits have been entered the front panel but-
tons return to their usual menu control functions.

Section 2

As an alternative, while the flashing numeral is indi-
cating an ‘active’ numeric field for delay or events,
the appropriate Trigger Delay paddle can be used to
alter the value. Once set, Datum  should be used to
leave the active field,

If Abort is pressed at any time during input, number entry
is terminated and the feature is de-selected. The Jast used
value is retained, and recalled if the feature is selected
again.

A Divided by N

This feature is shown on the menu by the letters:

A+ N

The text is in line with the {ront panel button 2, If function
15 already selected then pressing this button de-selects it.
When it is not selected the first press of this button sclects
‘divide by N, the last used value is displayed. The second
press puts the menu into number entry mode. see above,
The numeric buttons are now used to entér the number N,
The range of numbers is 1 to 999999, The value 1 is equiva-
lent to not having the function selected.

In addition, pressing the Trigger Events paddle while in
numeric enfry mode increases or decresases this number.

4]
; I << TFTIGGER MENU > > =]

! ; 1
A Tig . ___B Trig o)

I i )
: ; A+ N =

i i | s
: > Gate [Gate
i J EE CountNx B =

B .
, . Independent -}

i

H 3 } &
4450000ns VT A Delay =

[ 3256000ns | 7
) ! B Delay

]

b R R 8
A%Sweep B Sweep =

] o

Figure 2.3.1 The Graphical Trigger Menu (4070}
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The A sweep is unaffected, and a capture is initiated by a
valid A trigger after an arm. The B sweep, however, can
only begin a capture on the 20th valid B trigger after arm.
Note: If ‘A divided by N’ is selected then ‘B delay by N’
cannot be used, and vice-versa.

in addition, ‘A divided by N’ cannot be used with ‘Inde-
pendent’ {see below).

independent
This feature is shown on the menu by the letters:

Independent

The text is in line with the front panel button 5. Pressing this
button selects ‘dependent’, a further press ‘Independent’.

Example: select dependent

ATrig BTrig ]
A+N 2
(Gate 3

CountNxB 4

e e e e Independent 5

000000Cns A Delay o
0000000ns BDelay 7
A Sweep B Sweep -8B

The A sweep is unaffected, and a capture is initiated by a
valid A trigger after arm. The B sweep does not use B trig-
gers at all, but will begin the sweep with the same A trigger
that started the A sweep.

A Delay by Time

This feature is shown on the menu by the letters:
A Delay

The text is in line with the front pasel button 6. If the func-
tion is already selected pressing this button switches it off.
When not selected the first press selects “A delay by time’.
The display now subtiy changes: on the line level with but-
ton 4 the units field appears. There are five choices, the
selection of which is made by repeated pressing of button
4 . These are:

% for pre-trigger;
ns nano-secends;
s micro-seconds;
ms miili-seconds;
[ seconds.

Section 2

When the correct units are displayved press button 6 again,
this puts the menu in number entry mode, see above. The
numeric buttons are now used to enter the delay time. In
addition, this number can be entered by the 'Time Delay’
paddle: pushing to the left decreases the delay and pushing
to the right increases it. See also Section 1.4,

Example: select A delay by time with a delay of 0.5ms

ATrig BTrig
Gate 3
CountNxDB 4
Independent 5
00(30%(?0@3 A Delay &
: DOU(};JUUHS B Delay 7
A S»:vccp B Sv:vccp 8

The B sweep is unaffected and a capture is initiated by a
valid B trigger after arm. The A sweep begins its capture
500us (0.5ms) alter the receipt of a valid A trigger after
arm. Negative time delays allow capture of events prior to
the trigger point. See Section 1.4 for more details.

B Delay by Time

This feature is shown on the menu by the letters:
B Delay

The text is in line with the front panel button 7. If the func-
tion is already selected pressing this button switches it off.
When not selected the first press selects 'B delay by time’.
The display now subtly changes, on the line fevel with but-
ton 4 the units field appears. There are five choices, the
selection of which is made by repeated pressing of button 4.
These are:

Yo for pre-trigger;
ns nano-seconds;
s micro-seconds;
s mitli-seconds;
$ seconds.

When the correct units are displayed press button 7 again;
this puts the menu in number entry mode, sce above. The
numeric buttons are now used to enter the delay time. In
addition, this number can be entered by the ‘Time Delay’
paddle: pushing to the left decreases the delay and pushing
to the right increases it. See also Section 1.4.
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2.4 THE DISPLAY MENU

This menu can be used to control some of the more
advanced features of the oscilloscope, including its "glitch’
or transient detection facilities, and its sophisticated inter-
polation capabilities.

Timebase Mode

The captures on the 4070 can be realised in a number of dif-
ferent ways. The options available are:

Roll This mode is like a chart recorder: the display scrolls
from right to feft until a frace has been acquired. This scrol-
ling effect operates on the slower timebase ranges, upto
SOms/div. On the faster ranges there is no discernabte dif-
ference between Roll and Refreshed.

Refresh This is the more usuad oscilloscope mode, imitating
the normal timebase of a real-time “scope. The display is
plotted from left to right as it is acquired.

PreTrig Roll This mode 15 a mixture of the previous two
modes. If there is zevo time delay or a positive time delay
set, this mode acts in the same way as Refresh. Only when
there 1s negative time delay, when we are viewing events
prior to the trigger point. does this mode appear different.

All points to the left of the trigger point (i.e. prior toit) will
roll from right to left as described above under Roll. They
will continue to roil until a trigger is received. at which time
the portion of the trace to the right of the trigger point will
be refreshed as above, under Refresh.

Section 2

Example:
TBA = 100ms Pre trig = 30%

The A timebase 1s set to 100 milliseconds pcr division and
there 15 mints 300 milliseconds delay. or 309% pre-trigger.
This places the trigger point three divisions from the left-
hand edge of the screen. All points to the left are pre-{rigger
and all points to the right are post trigger. H we perform a
capture in PreTrig Roll, the first three screen divisions wili -
be seen to scroll until a trigger is received then the right-
hand seven divisions will be refreshed. This mode is particu-
larly uscful on very slow timebase ranges where the
operator can view the “filling” operation of the pre-trigger
stores.

XY In this mode Channel | is plotied againsi Channel 2.
Channel | takes the X, or horizontal component, and Chan-
net 2 takes the Y. or vertical component. The timebase rate
at which the channels are acquired is selectable in the nor-
mal manner. {Section 1.3).

Note: The XY display mode is only a display of the captured
waveform. The waveform can be viewed in the normal ¥7T
mode by selecting refresh.

The various choices of timebase mode are made by
repeated pressing of the number { button, the present selec-
tion being indicated by the inverse video characters.

I

<< DiSPLAY MENU > >

3

o]
1
_ TIMEBASE MODE _|. . 1 =7
Roll GIZEEETR] PreTrig Roll XY 2
_GLITCHDETECT _ | T . ) i .2
EIEEMax Min Max~Min 3
INTERPOLATION | &L 3 ()
- O NEEIYIXN Linear Sine 4
ADD CH1 + CH2 Eﬁﬁm 4 (]
A A 5
+
P 5
BANDWIDTH LIMIT EE[RE20 MHz 6 =3
H ‘ ke 7

t i T
AVERAGING |, N . 7 [
2 4 8 16 32 64 128 256 8
L T =
]

Figure 2.4.1 The Display Menu (4072 shown, 4074 is similar)
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Figure 2.6.1 The Save and Recall Setup Menu (4070)
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Figure 2.7.1 The Plot Menu (4070)
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Advanced Features Section 2
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Figure 2.8.1 The /O Interfaces Menu (4070)
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Figure 2.8.1 A TV & Special Functions Menu (4070}
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Performance Checking

3. PERFGRMANCE CHECKING

The aim of this section is to allow the user of a 470 to verify
the major analog performance parameters. Should any of
these fail to be within specification then it is recommended
that the instrument be re-calibrated. A skilled technician
with the aid of the service manual shouid be able to perform
this task; alternatively return the instrument to your Gould
distributer.

Risetime
Equipment required:
Fast edge generator <Ins: Bradley oscilloscope cali-
brator type 192 or Tektronix PG306 or similar;
50 Ohm preciston coaxial cable:
50 Ohm precision terminator,
Connect the edge generator to & channel input through the
coax cable and the terminator, which should be at the 4070
end of the cable.

L. Select S0mV per division on the input channel and set
the timebase to 1us per division.

2. Set the gencrator to give 300mV peak to peak at a
repetition rate of IMHz and adjust the trigger levelto
give a stable trace. Adjust the pre-trigger setting to
view the leading edge.

3. Select the cursors and change the timebase to 20ns
per division.

4. Apply x20 trace magnification using the X Mag On
and X Mag 220 buttons, to give 2ns per division, and
adjust the horizontal Position paddle to centre the
fast edge.

LA

Position the cursors on the edge such that the minor
cursor is 30mV below the high level and the datam
cursors cross 30mV above the low level.

The risetime can now be read from the cursor line on the
bottom row of text. This figure should not be greater than
3.6ns.

Bandwidth

Equipment required:

Levelled signal generator: Tekironix SG503
or similar;

50 Ohm coaxial cable;

50 Ohm terminator.

Connect the signal generator to a channelinput through the
coax cable and the terminator, which should be at the 4370
end of the cable,

1 Select 30mV per division on the input channel and set
the timebase to 50us per division.

2. Set the amplitude of the signal generator to give six
divisions at 30kHz or similay reference frequency.

3 Change the timebase range to 250ns per division.

4. Increase the frequency on the signal generator until

the peak to peak amplitude reduces to 4.2 divisions.

Section 3

The measured frequency should be greater than 100MHz if
bandwidth limitis not selected and approximately 20MHz if
it is selected.

Trigger Sensitivity

Equipment required:
Signal generator: Tektronix SG3503 or similar;
50 Ohm coaxial cabie;
50 Ohm terminator.

Connect the signal generator to a channel input through the
coax cable and the terminator, which shouid be at the 4070
end of the cable.

1. Select 58mV per division on the input channel and set
the timebase 10 50us per division.

]

Select Auto trigger.

Tad

Set the signal generator to S0kHz or similar reference
frequency and adjust the amplitude to give threc
major divisions peak 0 peak. Then reduce the signal
by 10:1 to give a signal of about one and a half minor
divisions.

4. Select AC Coupling and Norm on the trigger con-
trols.

It should be possible to find a suitabie trigger level to obtain
a stable picture.

Trigger Bandwidth
Eguipment required:

Levelled signal generator: Tektronix SG503
or similar;

50 Ohm coaxial cable;

50 Ohm terminator.

Connect the signal generator to a channel input through the
coax cable and the terminator, which should be at the 4070
end of the cable.

1. Select 56mV per division on the input channel and set
the timebase to 250ns per division.

2. Select AC Coupling and Nerm on the trigger con-
trols.

3. Set the signal generator to give one major division at
100k Hz input frequency.

4. Without adjusting the amplitude set the sigpal
generator to 100MHz.

5. Change the timebase to 250ns per division.

It should be possible to adjust the trigger level to give a sta-
ble trace.

Timebase Calibration
Equipment required:

Time calibrator: Bradley oscilloscope calibrater type
192 or Tektronix T'G301 or similar;

50 Ohin coaxial cable;

50 Ohm terminator,
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Summary of Controls

4. ALPHABETICAL SUMMARY OF
THE CONTROLS

Abert Terminates plotting at the end of the current line or
character; terminates YO communications via GPIB/
RS423; atlows escape from Save, Recall and Clear
Trace menus,

A/B TRIGGER This button determines which trigger chan-
nel’s status is viewed on the LED display and which
one is controlled by the source, coupling and other
controls in this light area patching of the front panel.
The light above the button shows which channel is
currently being displayed. When selected in this way
the source and coupling buttons will change the setup
of the channel.

AC/Gnd/DC These are the available ways an input signal
may he coupled into the 4070,
AC This channel input coupling sclection is used for
rapidly varying input signals. Low frequency and DC
components will be removed. Suitable input signals
are from 10Hz to 100MHz with 2 x1 probe and 1Hzto
100MHz with a x10 probe.

Gnd The input signal is not coupled into the ingtru-
ment. A OV reference signal is displaved.

DC The input signal is directly coupled into the
mstrument so all frequency components of the input
signal will be displayed. The bandwidth is from
O0Hz(DC) to 100MHz {see "Bandwidth Limit’ in Sec-
tion 2.4}.

Alpha Intensity This is used to control the brightness of the
characters displayed on the screen,

Arm*d This light luminates after the $/Shot button has
been pressed; it will stay lit until either a valid trigger
has been received or until the Continuous button is
pressed.

Auto/Norm In normal mode, trace captures can only occar
when a valid trigger input has been received. When
Auto is selected, if no valid trigger has been received
for some time {about 40ms) the instrument wili gen-
erate its own trigger and initiate a capture.

Auto Setup This will attempt to arrange the display so that
two to five complete cycles of the input signal appear,
with the amplitede set so that the height of the trace
is roughly two to five divisions. Also. it selects auto
trigger to ensure the screen is frequently updated,

A TIME/DIV This is a five position paddle which controls
the sweep rate of the A traces. A gentle push causes
a smail change in the sweep rate. whilst a firmer push
will cause a farge change in the sweep rate.

B TIME/DIV This is a five position paddie which controlg
the sweep rate of the B traces. A gentle push causes
a small change in the sweep rate, whilst a firmer push
will cause a large change in the sweep rate.

Section 4

Cal The VOLTS/BIV paddie steps the attenuator
through the discrete calibrated ranges from ZmV to
SV per screen division in 1, 20 5 steps. With a x10
probe the ranges are 20mV to 50V per division at the
probe input. See also Uncal.

Continuvous This button puss the 4070 in continuous capture
mode (i.e. its default state). The sequence Arm’d,
triggered, Stor’d and displayed is carried out and
repeated automatically.

Coupling Steps through the available options of trigger cou-
pling. These are AC, ACHP(AC High Pass),
ACLP{AC Low Pass) . DC, & DCLP(DC Low Pass).
After DC bas been selected. a further press of the
button returns the selection to AC. All the couphings
can be used with CH1, CHZ and EXT sources. On
line, the input coupling is not selectable.

Cursor One press of this button brings up the cursors on the
A trace, Another press moves them to the B trace. A
third press of the button switches the cursors oft, It
only one trace is displayed, the cursors will be called
up onte that trace: a further press of the button will
de-select the cursors.

CURSOR This paddle moves the minor cursor along the
trace - L.e. the minor cursor, when moved horizon-
tally, antomatically follows the trace up and down as
well.

DATUM The lefi-hand paddle moves the horizontal (vol-
fage) datum cursor vertically, while the right-hand
paddle moves the vertical (time} datum cursor hori-
zontaidly.

DBC  The input signal is directly coupled to the instrument
so all frequency components of the input signal will
be dispiayed. The bandwidth is from OHz(DC) to
160MHz {see ‘Bandwidth Limit" in Section 2.4).

Events This paddie controls the ‘divide by N” and ‘Count N
x B trigger function. i.c. itsets the number of triggers
{events) required before a capture is initiated. A gen-
tle push to the left decreases the number of events, a
firmer push to the left decreases the number of events
at a faster rate. A gentle push to the right increases
the number of events, a firmer push increases the
number more quickly.

EXTERNAL A This input can only be used as a trigger
source for the A trigger channet,

EXTERNAL B This input can only be used as a trigger
source for the B trigger channel. When TVLN is
sclected for B, the B trigger source is the externai A
trigger input.

Fecus Controls the focus of the CRT display.

Gnd  The input signal is not coupled to the instrument. A
OV reference signal is displayed.
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Summary of Controls

A B A and B alternately (i.e. "dual timebase mode’.
Any active channel will produce two traces: one on
the A timebase setting und one on the B timebase set-
ting.

Time This paddle controls the “delay by time’ trigger func-
tion. Negative times enable pre-trigger events to be
captured, positive times allow events after the trigger
point to be viewed. A gentle push to the left
decreases the time delay: a firmer push causes the
defay to decrease at a faster rate. A gentle push tothe
right increases the time delay; a firmer press
mcreases it at a faster rate. If the delay changes 1o
zero, there will be a long pause before the change
continues,

TIME/DIV The two timebases which are available for cach
input signal are set by the A and B “TIME/BIV’ pad-
dles. The range is 20s/div to 20ns/div.

Trace Intensity This controls the brightness of the trace.
The brighiness of the cursors and the trigger level
indicator are also adjusted by this control.

Trace on/off Pressing this button calls up the “Trace onfoff’
mernu. Through this it is possible to remove or display
traces on the sereen.

Trace Rotate If the trace is not properly horizontal relative
to the grid. then adjustment of this control with a
small screwdriver should remedy the situation.

Trig’d This lights up when the 4670 is receiving valid A trig-
ger signals at a rate of greater than every 40ms.

TRIGGER DELAY These paddies allow the trigger delay
conditions to be set; trace acguisition will only begin
after these conditions have been met:

Time This paddle controls the ‘delay by time’ irigger
function. Negative times enable pre-trigger events to
be captured, positive times allow events after the trig-
ger point to be viewed. A gentle push to the left
decreases the time delay; a firmer push causes the
delay to decrease at a faster rate. A gentle push to the
right increases the time delay; a firmer press
increases it at a faster rate. If the delay changes to
zero, there will be a long pause before the change
continues.

Section 4

Events This paddle controls the "divide by N” trigger
function on the A timebase and the number of
delayed triggers on the B timebase {as selected by the
A/B switch). A gentle push to the left decreases the
number of events at a faster rate. A gentie push to the
right increases the number of events. a firmer push
increases the number more quickly.

TRIG LEVEL This paddle controls the trigger Jevel setting.

Unecal The coarse setting of the attenuator is unchanged,
but a variable gain is applied by the VOLTS/DIV pad-
dle to the input signal. This has 2 range of 1 to about
0.4, Thus, with an init:al setting of 1V per division,
the actual sensitivity of the channel could be set any-
where between 1V and 2.5V per division.

VOLTS/DIV This adjusts the volts per division. Pushing the
paddle upwards will adjust the sensitivity as far as SV/
div. In the other direction, sensitivity can be
mereased as far as 2mV per division.

X mag On This button selects X (horizontal} magnification;
ifttisalready selected, pressing again switches it off.

X Mag 2,20 Selects the amount of horizontal expansion
applied to the trace. Each press of the button steps
the magnification through the settings x2, x5, x10 and
x20. After x20, a further press returas the setting to
x2. The new timebase setting is displayed each time
the button is pressed.

x1  The external trigger signai is coupled directly into the
trigger circuitry at the specified 500mV sensitivity
(see also x10).

x10  The external trigger signal is increased by a factor of
10 before it enters the trigger circuitry - i.e. a signal
ten times smaller will be required to produce the
same effect as on the x1 setting (i.¢. 30mV sensitiv-
ity).

/- This button selects positive or negative slope triggers.
The current selection is indicated by the light above
the button. H negative slopes are selected then a
single press will select positive slopes and a further
press reverts to the negative slopes.

0-9  These buttons are used to select options from the var-
icus menus and enter numbers when required. See
Section 2 for details.
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Specification

HORIZONTAL DEFLECTION

Horizontal Display Modes
A, A alt B with A intensified by B, B only, X-Y,
Refresh, Roll, Pre-Trigger Roll.

Horizontal Display Accuracy
+3%.

A and B Delayed Sweep Range
20ns/div to 20s/div in 1-2-5 sequence. Sweep speeds
faster than 250ns/div use equivalent time sampling
(ETS). ETS uses random sampling to achieve pre-
frigger.

Horizontal Expansion
The Expansion from x2 to x20 times {in a 1-2-5
seguence) is available on all timebase ranges {except
x2 to x10 on 20ns/div). This gives a fustest timebase
rate of Zns/div. '

Timebase Sample Accuracy
+60.01%.

Timebase Jitter
Less than +£200ps

Trigger Jitter
Less than #500ps.

Trigger Delay
The A or B sweep start can be delayed from either
Trigger A or Trigger B respectively. The delay can
be either negative (pre-trigger}, or positive (post-

trigger).
Trigger Range
Pre-Trigger -0 to 100% with 0.1% resolution.
Post Trigger —
TIMEBASE RANGE MAXDELAY
20s to 0. tms/div 99.9s
50us to SGns/div 0.99s
20ns/div 0.4s

Trigger Delay Accuracy
£0.001% delay
+0.1% of timebase range
+1ns

Delay by Events
This will allow the B sweep to be delayed from the A
sweep by up to 999,999 events with a maximum
trigger frequency of 100MHz

TRIGGER

There are two trigger systems, A and B. Each system has
similar specifications.

Trigger A:

Source
4072: CH1, CH2, EXT A. LINE,
4074: CHI1, CH3, EXT A, LINE.

Section b

Couplings
AC, DC, ACHP, ACLP, DCLP.
TV Line, TV Field 2.
DCLP. ACLP -(<15kHz)
ACHP -{>15kHz).

Trigger B
Source
As Trigger A except use EXT B.
Couplings
As Trigger A. TV Line taken from A Source.
Slope
Selectable +ve, —ve
Sensitivity
Internal:  DC-10MHz .3 div.

FOMHz-100MHz 1.0 div.
External:  DC10MHz < 50mV p-p (x10)
SO0V p-p (x1)
LOMHz-100M1iz  100mV p-p (x10)
AV pp(xl)

Trigger Level
Variable over greater than 4 divisions.
Level indicated on screen with marker.

External Input impedance
IMO20pF

External Input Protection
200V DC or pk AC

Trigger Combinations _
A and B Timebase can be friggered indepeadently or
in any combination of the following:

‘A’ Trigger only

Trigger after every Nth A event

Triggered on B after every Nth A event

‘B’ Trigger only

“A” Trigger then afier N x ‘B’ trigger events

CURSOR MEASUREMENTS

There is an on-screen measurement cursor which can be
aliocated to any trace plus horizontal and vertical datum
cursors which can be moved to any screen position.

The voltage and time differences between the measurement
and daium cursors are automatically displayed.

Time Accuracy
As horizontal specification & sample interval

Voltage Accuracy
As vertical specification + | least significant digit
(LSD)

IEEE-488 INTERFACE

Read and Write Functions
All front panel contrels are fully programmable,
except:
Trace Intensity Power enfoff
Alpha-Numeric Intensity
Scale Hlumination
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Specification

MISCELLANEQOUS

Calibrator
Timebase Range. Time accuracy as for timebase
range.

Probe Power
Power connector mounted on the front panel for
Gould 10-TC-02 legic probe

POWER REQUIREMENTS

Voltage
20V -260V AC. No switching required between
voltage ranges

Frequency
48-440Hz

Power
200W max.

DIMENSIONS
See Figure 5.1 — -mm (approx}

WEIGHT

Net Weight
4G72: 11.48kg (251bs} approx.
40741 12 3kg (271bs) approx.

Shipping Weight
4072: 15.9kg (35ibs) approx.
4074: 16.8kg (37ibs} approx.

437 (17-2°)

11

590 {23-23")
505 (19-88")

396 (15. 58"}

Figure 5.1 Dimensions in mm fin}

Section b

ACCESSORIES SUPPLIED
Operating Handbook
Front Panet Cover
Pack of 4 plotter pens
2 rolis of plotter paper
Line Cord
4072: 2-off PB36 Probes
4074: 4-0ff PB36 Probes

OPTIONAL ACCESSORIES
Rack Mount Tray with Slides PN 04094732
Cart TR7 General-Purpose Cart

Protective Carrying Case
PN 041031172 — a strong padded case enclosing the
oscilloscope with three thicknesses of material
covering the front panel

ENVIRCNMENTAL
Temperature
Operating
0°C te 50°C
Specified
15°C to 35°C
Humidity
Tested to TEC 68-2-Ca operating 45°C at 95% RH
Tested to IEC-2-DDd cycling non-operating.
25°C-45"C, 95% RH cycles (144 hours).
Safety
Complies with IEC-348 Cat | Standards.

Electromagnetic Interference {EMI}
meets VDE 0871 category A

36 208
e aram— g
(1:427) {8-197)
— -n-mmj«
(-39"

1

- = e
ﬂ?f\.‘,—w’

187
{7-36%)
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Appendix 1

BRIEF IEEE-488 BUS DISCUSSION

The IEEE-488 bus specification describes an asynchronous
byte-serial digital bus sufficientiv general to allow instru-
ments with greatly varying capabiliies to communicate
with each other, Table A1.1 lists the required signals and
the assigned connector pins.

In a typical small system, a controller would direct the data
transfer and individual operation of a few bussed instru-
ments; for example a 4070 together with printer, and a
floppy disc unit, all IEEE-488 compatible. Each of the
three instruments would be assigned a unique primary
address from € to 30. More specific selection of functions
within a particular instrument is possible by assigning a
anique secondary address to each such function: for exam-
ple, an 8 channel analog to digital converter might have
primary address 5. Each channel could have a separate sec-
ondary address from 0 to 7. The instrument (for example
the A to D converter) must have been designed to use sec-
ondary addressing and the controller must have been prog-

rammed to correctly address each instrument and function
according to the manufacturer’s data before the system can
function. Table A1.2 lHsts all valid TEEE Bus message
codes.

Al instruments, and the contreler(s), in a system are inter-
connected by a standard connector shown in Fig. A1.3.
Commerciat examples are the Amphenol series 57 connec-
tor or the AMP “‘Champ’ series.

All bytes of information exchanged on the bus are ‘hand-
shakes’. See Fig. Al.1. The sender of a message via the bus
is conventionally called the ‘talker’, and those devices
receiving the message are called ‘listeners’. The talker
{there must only be one at a time) sets DAV LO (data is
now valid), the Hsteners (there may be many) each first set
NRFD LO {not ready for more data) and then set NDAC
HI (this data byte accepted). After the current byte has
been accepted by all isteners, the Talker witl reset DAV HI
and the listeners will all first return NDAC LO and the
NRFD HlI, readying the bus for the next byte {ransfer.

PIN SIGNAL DESCRIPTION
1 D101 |
2 D102
3 D103
4 D164 Data Input/ Carry bi-directional, asynchronous byte serial data, addresses
13 D105 [ Outputlines or commands
14 D10s
15 D107
16 D108
5 EO1 7 End or Identify. Transmitted by talker at end of multi-byte data record.
Usedwith A'FN for parallel poli,
17 REN Remote Enable. Asserted by controller. Transfers control for each
instrument to the bus instead of their front panels.
9 (¥C Interface Interface Clear. System controller returns all active devices on bus to
> Management idle states and takes control of bus.
10 SRO Lines Service Request. Line used by device on bus fo indicate its need for
service from the system controller.
11 ATN Attention. Asserted by Controller. When true, D101-D108 carry
addresses or commands. When false, data.
& DAV Handshake Data Valid
7 NRFD Lines Not Ready For Data.
8 NDAC (see Fig. 3.3} Not Data Accepted
18 (DAV)
19 (NRFD}
20 (NDAC) Return Twisted with {line)
21 (IFC) Lines
22 (SRQ)
23 (ATN)
12 Shield Braid around entire cable, continued through connector shells.
z4 Logic Ground Connects together 0V's of all instruments on bus.

Tabie A7.1 IEEE Bus Signal Definitions
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Appendix 1

THE HANDSHAKE MEANINGS

DAV DC\ /O\

DATA NOT VALID

- DATA VALID

\ YB READY FOR DAT/
NRFD . D HO\
DAT, — { / (\ ') - NOT READY FOR
| c——- DATA ACCEPTED
NDAC | N A hkOG/
>TEC S DATA NOT ACCEF
:f_ NORMAL BUS
QUIESCENT STATE
Fig. A1.1  The Handshake
‘ +5¥ +5Y +5v
3k 3k 3k
ONE OF 16
N _ _ _ X _ BUS LINES
A@_&ﬁb—{:ﬁ r<]J 4[%?{:3—, -
RX DATA TX DATA RX DATA TX DATA RX DATA TX DATA
ov ov ov
CONTROLLER INSTRUMENT N2 1 INSTRUMENT N¢2

BUS LINE INACTIVE Vp=+ 3.3V
;:;,% BUS LINE "ACTIVE™ Vg + 04V

Fig. A1.2 IEEE-488 Bus Lines
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Appendix 1

FURTHER IEEE-488 INFORMATION: 2. The corresponding IEC standard is very simifar, but
1. The definitive specification is the IEEE STD 488- specifies a ‘D’ range connector instead of the *Am-
1975, Digital Interface for Programmable Instrumen- phenol 57 type IEEE connector.
tation. Available from: 3. A basic discussion of the IEEE-488 bus and an
IEEE implementation of the standard using the MC68488/
345 Fast 47th Street, MC3448A integrated circuits.

New York, N.Y. 10017 o, “Getting Aboard the 488-1975 Bus”
American Nationai Standards Institute, Available from Motoroia Semiconductor
1430 Broadway, Products, Inc.

New York, N.Y. 10018
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Index

H

Handshake (R54233 1.7, 2.8
Hello message 1.8
Helpmenu2.1,2.5
Hold 1.2, 1.5, 1.8, 4
Horizontal
adjustment 1.1, 1.3
expansion 1.3, 1.8, 4
magnification 1.3, 1.8, 4
modes 1.8
scaling 1.8
shift 1.3, 1.8
HPGL 1.7

1

IEEE488 1.8
Interpolation 1.8, 2.4
Interrogative commands 1.8
Input
interfaces 1.7
coupling 1.2
impedance 1.2
Interfaces, inputfoutput 1.7, 2.1, 2.8
Inv1.2.1.7, 4
VO interfaces 1.7,2.1, 2.8

K
Keypad interface 1.7

L

Linear interpolation 1.8, 2.4
Live parts 1.0
Local
lock-out mode 1.8
mode 1.8
Lock1.5,1.8

M

Master mene 2.1

Max detect function 2.4, 1.8
Max-Min function 2.4, 1.8
Memory, trace 2.0

Menu/ftrace 2.1

Min detect function 2.4, 1.8
Minor cursor 1.6

Miscellaneous I/O connector 1.7

N

Neon-volatile RAM 2.0
Norm 1.2, 4

Number base 1.8
Numeric keys 2.0
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On/Off buttons 1.2, 4
On-screen text command 1.8
Cnstput

interfaces 1.7

rate {plot} 1.8, 2.7
Overshoot 2.4

P

Packing 1.0
Parity 2.8
Peak signals 1.1
Pen colour, change 2.7
Phase shift 1.8, 2.3
Piot
destination 1.8
graticule 1.8
menu 2.1
mode 1.8
rate 1.8
traces only 1.8
Plotter, defaunlt, changing 2.7
Position paddle 1.2, 4
Poststorage shift 1.2, 1.8
Power
button 1.1, 4
requirements 1.0
Pre-shoot 2.4
Pre-trigger 1.4, 2.3
roli mode 1.8, 2.4
Probe, x1, x10 1.2
gain 1.8
Prompt, echo 2.8
PTR mode 1.7

R

RAM. non-volatile 2.0
Recall

setup 2.1, 2.6

trace 2.0

machine state 1.8
Records 1.8
Reference memory stores 1.8

transfer 1.8
Refresh mode 1.8,2.4
Relcase 1.8
Remote mode 1.8
Ringing 2.4
Rise time 1.6, 3
Roltmode 1.8,2.4
RS232 1.8
RS4231.8,2.8

5

Safety 1.0

Samples per division 1.3

Sampling rate, cquivalent max 1.3
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Service Facilities

GUARANTEE AND SERVICE FACILITIES

SERVICE FACILITIES

Gould and its distributors and agents maintain comprehen-
sive after sales facilities and, whether or not it is sill under
guarantec, this instrument should be returned to the factory
or to the local distributor or agent through whom it was
supplied for servicing if this is necessary. The type and serial
number of the instrument should always be quoted,
together with full details of any fault and service required.

Equipment returned for servicing must be adequately
packed, preferably in the box in which the instrument was

PRINCIPAL GOULD SERVICE OFFICES

AUSTRIA

Gould Electronics GmbH,

Niederlassung Wien. Mauerbachstrasse 24, A-1140 Wien.
Telephone (222) 97 25 06. Telex 01-31380.

BELGIUM

Gould Instraments Systems,

Avenue Reine Astrid, 1. 1430 Wauthier-Braine.
Telephone 02-366.17.52. Telex 20425 Gould/B.

FRANCE

Gould Electrenique,

57 Rue Saint Sauveur, Ballainvilliers, 91160 Longjumeau.
Telephone (6} 934-1067. Telex 600824 ALLCO.

Adresse postale:
B.P. 115, 91162 Longjumean Cedex.

GERMANY

Gould Instruments,

Dieselstrasse 3-7, D-6453 Seligenstadt.
Telephone (6182} 8010. Telex 4184556.
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supplied and shipped, with transportation charges prepaid.
We accept no responsibility for instruments arriving dam-
aged.

Our factory Sales, Service and Engineering Depariment
and those of approved distributors and agents are ready to
assist you at all times,

The Gould Service Department and those of approved dis-
tributors and agents can provide maintenance and repair
information by telephone or letter, if required.

NETHERLANDS

Gould Instruments Systems Netherlands,
Maarssenbroeksedijk 4, 3606 AN Maarssenbroek.
Telephone 03042 0t 42, Telex 70667,

SWITZERLAND

Gould Elektronik AG,
Grubenstrasse 56, Ch-8045 Zurich.
Telephone 463 2766. Telex 813607,

UNITED KINGDOM

Gould Electronics Ltd.,

Instrument Systems,

Roebuck Road, Hainault, Iford, Essex 1G6 3UE
Telephone 01-300-1000. Telex: 263783

Fax: 01-501 6116

USA
Gould Inc., Recording Systems Division,

3631 Perkims Avenue, Cleveland, Ohio 44114,
" Telephone (216)-361-3345- Telex 196 1123 GLD RS UT.
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And other Gould Agents and Distributors worldwide.
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




