250 MS/s Dual Channel Digital Storage Oscilloscope
PM3320

Service Manual

4822 872 05315
870302

WARNING: These servicing instructions are for use by qualified personnel
only. To avoid electric shock do not perform any servicing other
than that contained in the Operating Instructions
unless you are fully qualified to do so. -
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IMPORTANT

In correspondence concerning this instrument, please quote the type
number and serial number as given on the type plate,

NOTE: The design of this instrument is subject to continuous development
and improvement.
Consequently, this instrument may incorporate minor changes in detail
from the information contained in this manual,

@N.V. PHILIPS GLOEILAMPENFABRIEKEN - EINDHOVEN - THE NETHERLANDS - 1987

PRINTED N THE NETHERLANDS
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SAFETY INSTRUCTIONS

Read these pages carefully before installation and use of the
instrument.

INTRODUCTION

The following clauses contain information, cautions and warnings
which must be followed to ensure safe operation and to retainm the
instrument in a safe condition.

Adjustment, maintenance and repair of the instrument shall be carried
out only by qualified persommel.

SAFETY. PRECAUTIONS

For the correct and safe use of this instrument it is essential that
both operating and servicing personnel follow generally-accepted
safety procedures in addition to the safety precautions specified in
this manual.

Specific warning and caution statements, where they apply, will be
found throughout the manual.

Where necessary, the warning and caution statements and/or symbols
are marked on the apparatus.

CAUTION AND WARNING STATEMENTS

CAUTION: Is used to indicate correct operating or maintenance
procedures in order to prevent damage to or destruction of
the equipment or other property.

WARNING: Czlls attention to a potential danger that requires
correct procedures or practices in order to prevent
personal injury.

SYMBOLS

High voltage > 1000 V (red)

Live part (black/yellow)

instructions

Protective earth {black)
{grounding) terminal

ﬁ Read the operating
®



TMPAIRED SAFETY PROTECTION

Whenever it is likely that safety~protection has been impaired, the

" instrument must be made inoperative and be secured against any

unintended operation. The matter should then be referred to qualified
technicians.

Safety protection is likely to be impaired if, for example, the
instrument fails to perform the intended measurements or shows visible
damage. - o

GENERAL CLAUSES

WARNING: The opening of covers or removal of parts, except those
to which access can be gained by hand, is likely to expose
live parts and accessible terminals which can be dangerous
to live,

The instrument shall be disconnected from -all voltage sources
before it is opened.

Bear in mind that capacitors inside the instrument can hold their
charge even if the instrument has been separated from all voltage
sources.,

WARNING: Any interruption of the protective earth conductor inside
or outside the instrument, or discomnection of the
protective earth terminal, is likely to make the instrument
dangerous.

Intentional interruption is prohibited.

Components which are important for the safety of the instrument may
only be renewed by components obtained through your local PHILIPS
organisation. (See also chapter 12),

After repair and maintenance in the primary circuit, safety
inspection and tests, as mentioned in chapter 14 have to be performed.
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2-1

INTRODUCTION
This compact dual chamnel digital storage oscilloscope features an E
extensive sampling rate of 250 Megasamples/s with a vertical bandwidth

of 200 MHz and a vertical resolution of 10 bit.An outstanding feature
is the AUTO-SET pushbutton facility, which automatically sets various
controls of the instrument to suit the input signal value. In this
way, optimun ecase of operation is obtained as the inmput signal
immediately presents a correct, stable display on the bright C.R.T.
screen.

The brightness is independent of the time base settings.

The M68000. microprocessor gives a wide choise of measurement and
display possibilities, which can be selected via the ergonomic
designed front panel,

Figure 2.1 250 Megasamples/s digital storage oscilloscope.

The oscilloscope is provided with integrated circuits (including
thinfilm circuits), which guarantee highly-stable operation.

Furthermore, comnection to the local mains is simplified by a tapless
switched-mode power supply that covers most voltage ranges in use:
90 V...264 V a.c.

All these features make this oscilloscope suitable for a wide range of
measuring applications.
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CHARACTERISTICS
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CHARACTERISTICS

General

This instrument has been designed and tested in accordance with IEC
publication 348 for Class I instruments.

This specification is valid after the instrument has warmed up for 30
minutes.

Properties expressed in numerical values with tolerances stated, are
guaranteed by the manufacturer.

Numerical values without tolerances are typical and represent the
characteristics of an average instrument.

Within 5 minutes after switching on, the temperature difference inside
the instrument has reached 70 percent of its end value.



3.1.8

CHARACTERISTIC

CATHODE RAY TUBE
Type

Usefull screen
area (h. x v.)

Screen type

Total accelera-
tion voltage

Spot size

Maximum trace
distortion

-@ screen periphery

Graticule
~Illumination

-size (h. x w.)

~Engravings
division lines
2 mm tick marks

0.5 mm tick marks

dots

percentages

Orthogonality

SPECIFICATION

Philips D18-190GH/129
100 mm x 120 mm

GH (P31)

16 kv

0,3 mm

1 mm

Internal, fixed
Continuously variable

80 mm x 100 mm

@ 10 mm
@ 2 mm

@ 2 mm

€2 m

100-90-10-0 7%

90 + 0,5°

ADDITIONAL INFORMATION

180 mm rectangular single
beam tube.

For graticule see 3,1.7.

Tube only,

Deviation from straight
line.

Outside central 80 mm
(vert.) x 100 mm (hor.).

Centered @ 50 mm from top
of CRT screen (hor.) and
@ 50 mm from left edge of
CRT screen {vert.),

Horizontal and vertical.

On vertical and horizontal
central axes.

On horizontal lines
#2,3,4,6,7,8.

On dotted lines @ 1,5 div
and 6,5 div from top of
graticule.

To facilitate rise and
fall time measurements.

Measured @ centre of
screen,

{Angle between X

and Y axes, when traces
are written in X~ and Y
direction alternately).



3.1.10

3.1.11

CHARACTERISTIC

Intensity

Focus

Trace rotation

~Minimum range

SIGNAL ACQUISITION

Sampling type
-@ 200 ns/div..,
360 s/div:

-@ 5 as/div...
100 ns/div:
Maximum sampling
rate

-Real time:
-Equivalent time:

-Ext. clock

SPECIFLCATION

Blank to max., intens.

Manually set

Real time

Equivalent time

250 megasamples/s
10- gigasamples/s
50 kilosamples/s

Vertical (=voltage) 10 bits

resolution

ADDITIONAL INFORMATION

Separate front panel
controls for trace and
text.

Common screwdriver comtrol
on front for trace and
text.

Screw driver control on
front; direction of screw
driver rotation same as
direction of trace
rotation.

Either X or Y trace can
be aligned with graticule,
when enviroumental
magnetic field is within
0,1 mT.

Random sampling.

Sampling rate depends on
time/div setting.

Repetitive only,

Max. aperture uncertainty
of 10 us,

(= 0,1 % of full range).



CHARACTERISTIC SPECIFICATION ADDITIONAL INFORMATION

Horizontal (=time)
resolution

~In single Ch. or

added Ch,
acquisition
@ 1 ms/div... 4096 samp./acquisition 1 Sample = 0,025 % of
5 s/div full record,
@5 ns/div... 512 samp./acquisition 1 Sample = 0,2 % of
500 us/div full record.
-Ir dual channel
acquisition
@ 1 ms/div... 2048 samp./acquisition 1 Sample = 0,05 % of
5 s/div full record.
@ 5 ns/div... 512 samp./acquisition 1 Sample = 0,2 % of
500 us/div full record.
Record length 10,2 x time/div Display in unmagnified
position. N
Acquisition time
~Real time 10,2 x time/div
5 s/div ... + 1 ms/div ¥
1 ms/div
}Exclusive delay time.
500 us/div ... + 10 ms
200 ns/div >
-Equivalent time
@ 5ns/div L2 } After this time there is
@ 100 ns/div 10 ms } a 99 % probability of
} all dots being updated
} to the new acquisition.
Sources Channel A } Both channels can be
} inverted before acquisi-
Channel B } tion,
Acquisition modes 1 channel only Full memory available for
1 channel.
2 channels Simultaneously sampled; 2
channels share memory.
Ch.A and ch.B added Full memory available for
added channels.
Average Combined with 1 channel

only, 2 channels or ch. A
and ch. B added.

MIN / MAX Combined with 1 channel
only, 2 channels or ch. A
and ch. B added.



CHARACTERISTIC SPECIFICATION

Maximum time
difference

200 ps

CHANNELS A AND B

Input connector BNC with probe read-

out

Input impedance
{In high 2
position)

-R parallel 1M Oom+ 1%

=C parallel 14 pF

~Maximum input
capacitance
difference

1,5 pF

Irnput impedance
(in 50 ohm position)

~R parallel 50 Ohm + 1 %
~VSWR (typical) 1,2:1
Input coupling a.c, d.c. 0

Max. input
voltage

—In high Z position 300 V
(d.c, + .a.c. peak)

~In 50 ohm position

d.c, 5V
a.c. (r.m.s.) 5V
a.c. (peak) 50 v

ADDITIONAL INFORMATION

Two 2 channels are sam-
pled simultaneocusly.

Probe read-out causes in-
strument to change V/div
indication, input impe-
dance and attenuator set-
ting according to probe
(when fitted with a probe
indicator).

For frequency > 1 MHz see
Fig. 3.1.

}n DC position of input
Jcoupling. In AC position
Yof input coupling.: 18 nF
Yin series with R par. &
}C par.

}In O position of input
}eoupling: R par. =
Capacitance difference
between channel A, channel
B and/or trigger imput.

In DC, AC and 0 position
of input coupling.

@ 200 MHz; in AC and DC
pos. of input coupling,

In 0 position: chaunel
input disconnected from
BNC and counected to
ground.

Iastrument should be pro-
perly grounded through the
protective-ground conduc-
tor of the power cord.

Up to 1 MHz; for freq. >
1 MHz see Fig. 3.2.

}

} Max. 50 mJ during any

} 100 ms interval.

b



‘CHARACTERISTIC

Deflection
coefficient

~Steps
-Vernier ratio

Read out accuracy

~Error limit
(Ambient:15.,35°)

overall

up to memory
additional error
Dynamic range
D.c. offset
control

-Range (+ 5%)

Att, @ 5 mV/div
.20 mV/div

Att. @ 50 mV/div
... 0,2 V/div

Att, @ 0,5 V/div
.5 V/div

-Resolution (+ 5%)

Att, @ 5 mV/div
...20 mv/div
Att. @ 50 mV/div
...0,2 V/div
Att. @ 0,5 V/div
v.i5 V/div

3.3.9  shift range

SPECIFICATION

5 mv/div...5 V/div

1:2,5

ADDITIONAL INFORMATION

In a 1-2-5 sequence of 10
steps.

Continuously variable
between steps.

Add 3 % for ambient:
0...50%.

)

JVernier in 0 position,

Vernier not in 0O position.

Related to BNC input,

Input voltage within the
limits of 3.3.5.

}In AUTO OFF-SET, the
Yoffset is automatically
Jeontrolled such, that
Javerage d.c. level of
}signal is presented at
Yscreen centre (+

}2 div), provided signal
}is within offset range.
¥Shift is set to zero
¥(mid) level.

From screen centre,



3.3.10

3.3.11

3.3.12

3.3.13

CHARACTERISTIC SPECTFICATION

Frequency response
(in 50 ohm position)

~Lower transition
point of BW

Input coupling in d.c.

DC position

Input coupling in < 10 Hz

AC position

-Upper transition > 200 MHz (-3 dB)
point of BW

(Ambient:
15..35%%)

Freq. resp, (In
hi.Z pos. through

probe)
-Lower transition

point of BW

Input coupling in d.c.
DC position

Input coupling in < 1 Hz
AC position

~Upper tramsition > 200 MHz (-3 dB)
point of BW

(Ambient:

15..35°)

Bandwidth limiter

-Starting point of 20 MHz (-3 dB)
HF rejection

-Slope 6 dB/octave
Pulse response

( in 50 Obm

position)

(exclusive first

dot after transient)

-Rise time < 1,75 ns

(Ambient:
15..35%)

~Pulse aberra-
tions
Overshoot >
)< 6%
Ringing >

ADDITIONAL INFORMATION

Z source: 50 Ohm

Deviation max. 30 MHz for
ambient: 0...50°C.

Z source = 25 Ohm. Probe
according to 3,19,

Deviation max., 30 MHz for
ambient: 0...50°C.

2 source = 50 Ohm; measured
over central 6 div,

(Calculated from bandwidth
% Rise time = 0,35).

Add max. 0,25 ns for
ambient: 0...50°C.

Tested with ca 1 ns rise
time pulse.

During first 10 ns after
transient.



3.3.14

3.3.15

CHARACTERISTIC SPECIFICATION

Pulse resp. (in
ti.Z pos. through
probe)

{exclusive first
dot after transient)

~Rise time

(Ambient:
5..35%)

< 1,75 ns

—Pulse aberra-

tions

Overshoot < 6 %
b

Ringing ¥

Max. base line

instability

~Jump (Ambient

15..35%):

when switching to 0,3 div
added mode

when switching to 0,5 div
MIN / MAX mode

between any V/div 0,15 div
positions

when actuating 0,3 div
inverter switch

between AC, 0 and 0,1 div
DC position

when rotating 0,6 div
vernier
between any 0,6 div

time/div positions

when switching to 0,5 div
magn. x5

-Drift 0,1 div/h

—Temperature
coefficient

+ 0,05 div/K

ADDITIONAL INFORMATION

Z source: = 30 Ohm;
measured over ceatral 6
div.

Probe according to 3.19.

(Calculated from bandwidth
x Rise Time = 0,35),

Add max. 0,25 ns for
ambient: 0.,.50%.

Tested with ca 1 ns rise
time pulse,

During first 10 ms after
transient.

Add 25 % for ambient:
0...50°C.

Input externally grounded.

>
YMeasured in 20 mV/div
Jposition.



3.3.16

3.3.17

3.3.18

3.3.19

CHARACTERISTIC

Common mode
rejection ratio

-@ 1 MHz
-@ 50 MHz

MIN / MAX function

-Accuracy > 50 %

-Reset time

Average

Constant is max.

Cross talk
(according to
IEC 351)

SPECIFICATION

100:1
20:1

@ pulse > 3 ns
20 ns

64x
32 x or off

<-30 dB @ 100 MHz
<-50 dB @ 2 MHz

ADDITIONAL INFORMATION

Both channels @ same
attenuator setting;
vernier for V/div setting
adjusted for optimal CMMR
at 10 kHz measured with
max. 8 div input signal on
each channel,

(+ 4 div around zero).

Time base setting
5 us/div ... 360 s/div.
Average switched off.

Average formula after the
first front change
(MIN / MAX switched off).

sn-8o(n-1)
So(n)=so(n~1)+ -

In ROLL mode.



3-10

3.4.1

3.4.2

CHARACTERISTIC

TIME BASE

Modes

Time
coefficients

~-In recurrent

=~In single scan
and multiple scan

-In single shot
and multiple shot

-In roll mode

-With EXT CLOCK

~Error limit
{Ambient
15..35 °C)

In equivalent
time mode

In real time mode

TRIGGER

Sources

-Signal trigger

—Events

Input connectors

SPECIFICATION

Recurrent
8ingle shot
Single scan
Multiple shot
Multiple scan
Roll

5 nus/div...5 s/div
5 ns/div...100 ns/div

200 ns/div...5 s/div

50 ms/div...360 s/div

Depending on clock
frequency

Channel A
Channel B
EXT

LINE

EXT

BNC

ADDITIONAL INFORMATION

Up to & shots.

Up to & scans.

Can be stopped manually or
by trigger.

Input via EXT CLOCK, every
clock pulse a sample is
taken, so for sinmgle
channel 4k samples are
stored and for dual
channel 2 times 2k samples.

Add 2 % for ambient:
0...50%.

Add 0,5 % for ambient:
0...50°C.

Serves as delay to signal
trigger.



CHARACTERISTIC SPECIFICATION ADDITIONAL INFORMATION
3.5.3 Input impedance of

EXT trigger inputs

-R parallel 1MOm+ 1% In DC position of input

coupling.

-G parallel 14 pF

-Max. input 1,5 pF Difference between channel

capacitance A, channel B and EXT

difference trigger input.

3.5.4 Coupling

-8ignal trigger d.c.
a.c,
LF rejected
HF rejected

Auto level

TVE According to CCIR.
-Clock & events
trigger level TTL

ECL

Through variable level Adjustable via menu
"trigger coupling" -
events,

3.5.5 Max. input Instrument should be pro-
voltage perly earthed through
f} (d.c. + a.c. peak) the protective-earth
conductor of the power
cord.

—Clock trigger 3060 v

3.5.6 Signal trigger Add 10 % for ambient:
sensitivity 0...50%C.
(Ambient
15..35°¢)
~Channel A or B

@ 300 MHz
@ 200 MHz
@ 30 MHz
-EXT

@ 300 MHz
@ 200 MHz
@ 30 MHz
-EXT/10

@ 300 Miz
@ 200 MHz
@ 30 MHz

falala [AlA A
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3.5.7

3.5.9

3.5.10

CHARACTERISTIC

Slope selection

Signal level
control range

~Chamnel A or B
-EXT

-EXT/10

-Any soutrce

Frequency response

~Lower transition
point of BW
Trigger coupling
in DC position
Trigger coupling
in AC position
Trigger coupling
in LF reject pos.

~Higher transition
point of BW

Trigger coupling
in HF reject pos,
Trigger delay
—Range

@ 5 ns/div ...
100 ns/div

~Number of events
Max. frequency
—Accuracy

@ 5 ns/div ...
100 ns/div

SPECIFICATION ADDITIONAL INFORMATION

Positive going
Negative going

Dual slope Level adjustable; not
effective in random
- sampling and TVF.
+ 8 div b
JWhen not in AUTO position
+0,8V Yof trigger mode.
>
+8vV )

Related to peak value }In AUTO position of trig-

Yger mode.

Trigger BW not affected by
bandwidth limiter.

Ch. A and Ch. B coupling
cascaded with trig. coupl.
d.c.
10 Hz (- 3dB)
50 kHz (- 3 dB)

see also 3.5.6.

50 kHz (-3 dB)

-10..,9999 div Jcan alsoc be indicated in

Jtime,

-10...500 div }



3.6

CHARACTERISTIC

MEMORY

Memory size
-Registers
-Register depth
-Wordlength

Functions

SPECIFICATION

4
4096 words
10 bits

Clear

Save

Write

Lock

ADDITIONAL INFORMATION

Registers #6, #1, #2, #3

Register #§ is cleared,
inel. pre-trigger memory
and blanked if DOTS is
selected.

Contents of register #§

is saved in selected
register (#1, #2 or #3).
Acquired signal is written
into register #§@.

Memory system is locked,
including register #@.



3.7.4

CHARACTERISTIC

DISPLAY

Sources

Display expan—
sion

-Horizontal

Steps:

Vexnier ratio

-Vertical

Steps:

Display manipu-
lations

Position range

-Horizontal

~Vertical

SPECLIFICATION

Register #§
Register #1-
Register #2
Register #3

Ix...64x
ix...8x
1:2,2

0.2x, lx and 5x

Smooth

Dot join

Tnvert

5 div

sl
+ 5 div

ADDITIONAL INFORMATION

Y

}In any combination.

}

Y versus t
A versus B

Continuously variable
between steps.
Recalculated value is dis-
played with an accuracy of
+ 5%

Both in Y versus t and
Y versus X modes,

Reduces noise by adding a
filter in the display
section, that is only
effective at time base
500 us/div ... 360 s/div.
Linearly interpolated
between measured dots.
Alle registers can be
inverted.

All channels can be
positioned independently.
From screen centre.

From screen centre.



3.8

3.8.1

3.9

3.9.1

CHARACTERISTIC

SETTING MEMORY

Memory size

Functions

SPECIFICATION

Max. 77 front settings

Save

Insert

Delete

Recall

(Recall) Next

(Recall) Previous

CALCULATION FACILITIES

Fanctions

RMS. value

Mean value-

Peak to peak value
Rise or fall time
Frequency (1/dt)

Multiplication

ADDITIONAL INFORMATION

Actual settings are stored
in memory, replacing con-
tents of memory cell indi-
cated on CRT.

Actual settings are stored
in memory; insertionm is
after memory cell indi-
cated on CRT.

Contents of memory cell
indicated on CRT is dele-
ted.

Actual settings are repla-
ced by contents of memory
cell indicated on CRT. Ac—
tual settings are saved in
"back-up" memory
{= mem. cell #0).

Actual settings are repla-
ced by contents of memory
cell indicated on CRT
increased by 1. Actual
settings are saved in
"back-up" memory

(= memory cell #0).

Actual settings are repla-
ced by contents of memory
cell indicated on CRT
decreased by 1. Actual
settings are saved in
"back=-up" memory

(= memory cell #0).

e

Yof portion between
Jeursors, or markers if
YLOCATE is choosen.

3

Whole register.



3.10.1

3.10.2

3.10.3

3.10.4

3.10.5

CHARACTERISTLC

AUTO SETTING

Settling time

CRT functions
—Focus
~Trace intens

~Text intens

Display functions
-Select
-X-position
-Y-position
~Invert

~X-expand
-Y-expand

-A versus B
Cursors

-Calculation

Text
-Reduced

—Bottom text lines

SPECIFICATION

Typical 3 s

Not influenced
Not influenced

Not influenced

To register #0
Zero

Zero

Off

*1

*1

Off

Off
Ooff

Ooff
Off

" ADDITIONAL INFORMATION

During plot, AUTO SET is
not possible.

Only for register #0.

Vernier calibrated.

Only for register #0.



3.10.6

CHARACTERISTIC

SPECIFICATION

Vertical acquisition

Y-deflection
source

Input impedance

~Accessory with
probe read out

-Otherwise

Input coupling

Y-deflection

-10 mV <input vol-
tage <30 V

~Input voltage
<10 mV

Channel inverter
-Add

“MIN / MAX
-Bandwidth limiter
~Average

-Offset

Y base line
position

-In single
channel display

-In dual channel
display
Ch. A

Ch. B

Every source having a
triggerable signal at
its input

According to probe
read out

Not affected by
AUTO SET

ac

Approx. 4 div

Charinel at 200 mV/div

Off
off
Off
Off
Off

Zero

Centre of screen
+ 0,3 div

2 + 0,3 div
above centre screen
2 0,3 div
below centre screen

ADDITIONAL INFORMATION

YChannel A if no trigger
}is found.

Each channel is indepen-
dently set.

b
JWernier in calibrated
Jposition.

)

Due to trigger uncertainty
at freq. > 60 MHz or at
duty cycle <> 50% sensiti-
vity can deviate from
above, but signal will
remain on the screen.



3.10.7

3.10.8

CHARACTERISTIC

Horizontal
acquisition

Mode
External clock

TB deflection
coefficient

-8ignal frequency

40 Hz . 80 MHz
-Signal freq.
> 80 MHz

~When no trigger
found
Triggering
~Delay

~Events

~Source

Triggerable
signal @ ext input

No signal @ ext
input, but trigg.
signal @ channel
Aor B

No triggerable
signal @ any input
~Mode

~Level

~-LF reject
-HF reject
-Slope

SPECIFLCATION

Recurrent

Off

Min. 2, max 6 signal
periods over 10 div,

5 ns/div

2 ms/div

Off
Off

Ext

Channel A or B

Channel A

Auto
TVF

50 ... 70% of peak to
peak value

Off
Off

Positive

ADDITIONAL INFORMATION

For TVF not affected.

For TVF not affected.
For TVF .not affected.

Channel with lowest input
frequency is selected,
(Channel A when frequen-
cies are equal).

For TVF not affected

Trigger on fieldpulse
with CCIR TV system.

De component of signal
neglected.

For TVF not affected.



3.11.1

3.12.5

CHARACTERILSTIC

CURSORS

Cursor intensity
control

Horizontal
resolution

-In single channel
mode

~In dual channel
mode

Vertical
resolution

Read out
resolution

Voltage cursotrs

-Error limit <Am-
bient: 15..35°%C

—Cursor Range

Time cursoxrs

-Error limit

CALIBRATOR

Wave form

-Shape

Internal impe-
dance

Output voltage
(peak to peak)

Qutput current
(peak to peak)

Frequency

SPECIFICATION

Independent of trace
intensity but combined
with text intensity

1 : 4096

1 : 2048

1 : 1024

3-digits

Visible part of sig=-
nal

Square wave

50 Obm + 1 %

1v+12

0mA+ 2%

2 kHz

ADDITIONAL INFORMATION

Referred to input at BNC,
error of probes etec., ex-
cluded. Add 3 % for am-
bient: 0...50%.

Cursors cannot pass each
other, (to avoid megative
readings).

Open voltage; (halves when
terminated with 50 Ohm).
Positive going with
respect to ground.

Output short circuited;
(halves when terminated
with 50 Ohm).
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3.13.5

CHARACTERISTIC SPECIFICATION

POWER SUPPLY

Source voltage
a.c. (r.m.s

-Nominal 100V ... 2407
-Limits of 90 vV ... 264 V
operation

Source frequency

-Nominal 50 Hz ... 400 Hz
-Limits of 45 Hz ... 440 Hz
operation

Source waveform
characteristics

-Max. waveform 10%
deviation factor

~Crest factor 1,27...1,56
Allowable power At least 20 ms

source interrup-
tion

Power consump-—
tion (a.e. source)

-Nominal 160 w

ADDITIONAL INFORMATION

@ Nominal source voltage.

@ Nominal source voltage.
After this time oscillo-
scope settings are saved
before instrument goes
down. Automatic power up
after restoration of Power
line voltage.

(For setting retention:
see 3.15.1).

@ Nominal source voltage.
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CHARACTERISTIC SPECIFICATION ADDITIONAL INFORMATION

OPTIONS

For specification of an option refer to the separate manual of the
option.



3.15.1

CHARACTERISTIC

SUNDRIES

Data and settings
retention

~Memory back up
voltage

-Memory back up
current drain

-Recommended
Batteries:

type

quantity

-Temperature
rise of batteries

-Retention time

=Temperature
Range

SPECIFICATION

2V ...<35%V

Typical 12 uA

IR 6

2 pes
20 K

Typical 2 years

0...+70°%C

ADDITIONAL INFORMATION

When instrument is swit-
ched off or during line
power failure.

@ 25°.

According to IEC 285,

{= Alkaline manganese pen-
light battery), e.g. PHI-

LIPS LR6 (9299 000 20734)

or DURACELL MN 1500.

After warming up period
of instrument.

@ 25°C, with recommended
{fresh) batteries.

@ -40...0°C settings re-
tention is uncertain. It
is advised to remove bat-
teries from instrument
when it is stored during
longer period (> 24 h)
below -30°C or above
60°C.

UNDER NO CIRCUMSTANCES
BATTERIES SHOULD BE LEFT
IN THE INSTRUMENT

@ TEMPERATURES BREYOND THE
RATED RANGE OF THE BATTERY
SPECIFICATIONS!



CHARACTERISTIC SPECIFICATION ADDITIONAL INFORMATION

3.15.2 Probe Read Out With Philips probe provi-
ded with indicator ring.

~Input impedance
setting

Passive high impe- }Fixed @ 1 MOhm
dance probe >

Passive 50 Ohm ¥
probe ¥
Passive 50 Ohm ¥
attenuator >
Passive 75 Ohm JFixed @ 50 Ohm
in 50 Ohm out >

attenuator ¥

Active current >

probe >

Active isolation }

probe >

~Vertical sensitivi-

ty setting

Passive probe Not affected

Passive attenuvator Not affected

Active current 20 mV/div Can be manually changed.
probe

Active isolation 20 mV/div Can be manually changed.
probe

-V/div and voltage

cursor read out

Passive 10:1 probe 10 x higher >

Passive 10 x 10 x higher 3

attenuator b

Passive 100:1 100 x higher Yoffset read out is
probe Ychanged accordingly.
Passive 100 x- 100 x higher }

attenuator B

Active current In divisions }

probe ¥

Active isolation In divisions b3

probe 3



3.15.3

3.16.1

3.16.2

3.16.3

3.16.4

3.16.5

3.16.6

3.16.7

3.16.8

CHARACTERISTIC

Analog plot output
~Connector

-Functions

~Sensitivity

~Pen lift

-Plot time per dot

-Plot sequence

MECHANICS

Height

-Without feet and
accessory pouch

~Feet and acces—
sory pouch inclu-
ded

Width

Depth

—Handle excluded

~With extended
handle

Mass

Operating position

Finish

Printed circuit
boards

Cooling

SPECIFICATION

DIN 5 pole 45°
Screen dump
Memory dump

1 V/Full screen
+ 3%

T v/Full memory
*+3z

TTL compatible

20ms .. 2 s

Channel A first

176 mn (6,9 in.)

250 mm (9,8 in.)

419 mm (16,5 in.)

570 mm (22,5 in.)

670 mm (26,4 in.)

18 kg

Horizontal

Epoxy powder coated

Glass laminate epoxy

Fan aided convection

ADDITIONAL INFORMATION

Included channel
identifier.
Register selectable,

)

YHorizontal and vertical.

}

Pen-up is selectable (0 or
1). Open collector output;
max. 12 V,

Software selectable,
Signal dependent.

In dual channel operation;
with more registers star-
ting with the lowest num-—
ber.

Fits 5 in 19 inch rack.

Add 15, mm (0,6 in.) for
feet.

Add 46 mm (1,8 in.) for
handle.

Add 35 mm (1,4 in.) for
protective front cover.

Standing on feet; may be
tilted by handle.

Maintenance free.



3.17.2

3.17.3

3.17.4

CHARACTERISTIC SPECLFICATION ADDITIONAL INFORMATION

ENVIRONMENTAL

General
The characteristics are valid only if instrument is checked
inaccordance with the official checking procedures. Details on

these procedures and failure criteria are supplied on request.

Meets environmental MIL-T-28800C Type ILII

requirements of Class 5, Style D

Temperature Memory back-up batteries
removed from instrument,
unless batteries meet tem-
perature specifications
(see also 3.15.1).

—Operating

Min. low tempera- 0°C Cf. MIL-T-28800C par.

ture 3.9.2.3 tested cf. par.
4.5.5.1.1.

Max. high tempera— + 50°C Cf. MIL-T-28800C par.

ture ) 3.9.2.4 tested cf. par,
4.5.5.1.1.

~Non operating

(Storage)

Min. low tempera- =-40°C cf. MIL-T-28800C par.

ture 3.9.2.3 tested cf. par.
4.5.5.1.1.

Max. high tempera- + 75°C cf. MIL-T-28800C par.

ture 3.9.2.4 tested cf. par.
4.5.5.1.1.,

Maximum humidity Cf. MIL-T-28800C par.
3.9.2.2 tested cf. par.
4,5.5.1.1.

-Operating and non— 95% Relative humi-
operating dity
{Storage)



3.17.5

3.17.6

3.17.7

CHARACTERISTIC

Maximum altitude

—-Operating

—Non-operating
(storage)

Vibration
(Operating)

—-Freq. 5...15 Hz

Sweep time
Excursion
(pk to pk)
Max acceleration

—Freq. 5...25 Hz

Sweep time
Excursion
{pk to pk)
Max acceleration
-Freq. 25...55 Hz

Sweep time
Excursion
(pk to pk)
Max acceleration

~Resonance dwell

Shock (Operating)

~Amount of shocks

total
each axis

~Shock wave form
-Duration

-Peak acceleration

SPECIFICATION

4,5 km (15000 feet)

12 km (40000 feet)

R

mi
»5 mm
7 m/s2 0,7 x g)

3 min
1,0 mm

Ba/s? (1,3%g)
5 min
0,5 mm

30 m/s? (3,0 x g)

10 min

18
6

half sine wave
il ms
300 m/s? (30 x g

ADDITIONAL INFORMATION

Cf. MIL-T-28800C par.
3.9.3 tested cf. par.
4,5.5.2,

Memory Back-up batteries
removed from instrument,
uniless batteries meet maxi-
mum altitude specs.

Maximum operating tempera-
ture derated 3°C for

each lm (for each 3000
feet) above sea level.

Ccf. MIL-T-28800C par.
3.9.4.1 tested cf, par.
4.5.5.3.1.

@ 15 Hz,

@ 25 Hz:

@ 55 Hz.

@ each resonance freg. (or
@ 33 Hz if no resonance
was found). Excursion cf.
3.17.6.

CE. MIL-T-28800C par.
3.9.5,1 tested cf, par.
4.5.5.4,1.

(3 in each directiom).



3.17.8

3.17.9

3.17.10

3.17.11

3.17.12

3.17.13

CHARACTERISTIC

Bench handling

~Meets require-
, ments of:

Salt atmosphere

-Structural parts
meet requirements
of:

EMI (Electro mag-
netic interface)
meets requirements
of:

Magnetic radiated
susceptibility

~Maximum deflec-
tion factor

Packing

Meets requirements
of:

Transportation

Meets requirements
of:

~Packaged transpor-
tation drop

meets requirements
of:

—Packed transpor-—
tation vibration
meets require-
ments of:

SPECIFICATION

MIL-STD-810.

methode 516, proced, V

MIL-STD-810

methode 509, proced. T

salt solution 20%

MIL-STD-461 Class B

VDE 0871 and VDE 0875

Grenzwertklasse B

7 mm/mT (0,7 mm/gauss)

NLN-1.88

AN-D628

Mat. safe
procedure

transp.
1A-B-2

Mat, safe
procedure

transp.
1A-B-1

ass.

ADDITIONAL INFORMATION

f. M
.9.5
5.5

IL-T-28800C par.
.3 tested cf. par.
4.3,

~28800C par.
ested c¢f. par,

—r el

Applicable requirements of
Part 7: CE03, CEQ7, G301,
€s02, cs06, REG2, RSOZ,
RS03.

Tested conforming IEC 351-
1 par. 5.1.3.1.

Measured with instrument
in a homogeneous magnetic
field (in any directionm
with respect to instru-
ment) with a flux inten-
sity (peak to peak value)
of 1,42 nT (14,2 gauss)
and of symmetrical sine
wave form with a frequen-
cy of 45...66 Hz.



CHARACTERISTIC SPECIFICATION ADDITIONAL INFORMATION
3.18 SAFETY
3.18.1 Meets requirements
of: IEGC 348 Class I
VDE 0411 Class I
UL 1244
CSA 556B
3.18.2  Approvals VDE 0411 (applied for)
UL 1244 (applied for)
csA 556 (applied for)
3.19 ACCESSORIES
3.19.1 Accessories 2 x PMB929/09 10 MOhm, 10:1 passive
furnished with probe with read out
instrument (1,5 m).
Blue coatrast fil- Factory installed.
ter
Operating manual
Front cover
3.20 OPTIONAL VERSIONS
3.20.1 General These options can be fac-
tory installed only.
3.20.2 Power Cord Universal european YLength 2,1m , (82,7 in.).
North american JVDE, KEMA listed,
United kingdom JCSA, UL listed.
Swiss YBSI listed.
Australian }SAV listed.
ISAA listed.
3.20.3  cCabinet Rack mount



CHARACTERISTIC SPECIFICATION ADDITIONAL INFORMATION
3.20.4  IEBE/RS-232C PM8956
interface

e a—

waries

Figure 3.1. Input resistance Rpar. and capacitance Cpar. versus
frequency.

Figure 3.2. Maximum input voltage (peak to peak) derating versus
frequency.
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PERFORMANCE CHECK

GENERAL INFORMATION
WARNING: Before switching-on, ensure that the instrument has been
installed in accordance with the Installation Instructions

outlined in chapter 3.0 of the Operating Manual,

This procedure is intended to:

check the instruments’specification.

be used for incoming inspection to determine the acceptability of
newly purchased instruments and/or recently recalibrated instruments.
check the necessity of recalibration after the specified
recalibration intervals,

1

NOTE: The procedure does not check every facet of the instruments
calibration; rather, it is concerned primarily with those
parts of the instrument which are essential to measurement
accuracy and correct operation. Removing the instrument covers
is not necessary to perform this procedure. All checks are
made from the outside of the instrument.

If the test is started within a short period after switching-on, bear
in mind that steps may be out of specification, due to insufficient

warming-up time.

Warming-up time under average conditions is 30 minutes.

The performance checks.are made with a stable, well-focussed, low—
intensity display. Unless otherwise noted, adjust the intemsity and
trigger-level controls as needed.




4.3

*

*

At the start of every check, the controls always occupy the
preliminary settings AUTO SET position, unless otherwise
stated. -

The input voltage has to be supplied to the channel A input;
unless otherwise stated.

Unless otherwise stated, the switches TIME/DIV, SHIFT A and
B, X~POSITION, TRACE INTENS and TEXT INTENS must be put in
such a position that a good read-out of the phenomena of
interest is obtained.

Tolerances given are for the instrument under test and do
not include test equipment error.

The given input impedance of the oscilloscope under test
(being 50 ohm or 1 megachm) are valid if the generator types
are used that are given in chapter 13.1 "Recommended test
and calibration equipment™. If you use other types, the
input impedances may be different

For some checks, we make use of service routines. If you
want additional information concerning these service
routines refer to chapter 1i "Trouble shooting",

In some checks in this chapter channel B is mentioned
between brackets behind channel A, It is advised to perform
the channel A checks first, After that the checks for
channel B can be done.

RECOMMENDED TEST AND CALIBRATION EQUIPMENT

A complete list of all material necessary for both this performance
check and also the adjusting procedure is given in chapter 13.1 in
this manual.

PRELIMINARY SETTINGS

Switch the oscilloscope on.

Check that all the LED’s in the fromt panel are on for 1 sec. during
the -power up routine of the instrument’s microprocessor

Press AUTO

Check that after adjustment of TEXT INTENS and TRACE INTENS the read-
out information and a horizontal line become visible at the CRT-

screen,
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4.4 ‘CHECKING PROCEDURE
Al POWER SUPPLY
IMPORTANT The measurements of the power supply must be
. done with life voltages.
Therefore it is strongly advised to use a
variable mains transformer with isolated
primary and secondary windings. Nevertheless,
these tests must only be done by a qualified
technician who is aware of the danger
involved.
Al SUBJECT Mains voltage range

TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

SETTINGS

REQUIREMENTS

MEASURING RESULTS

Variable mains voltage transformer (and
digital multimeter)

-~ Connect the oscilloscope (switched off) to
the output of the variasble mains voltage
transformer. If the transformer has no
output voltage read-out, you must comnect
the digital multimeter (a.c. voltage
range) to the outputs of the transformer

- Connect the variable mains transformer to
the mains and adjust the output voltage

- Check that the oscilloscope starts up
normally when switched-on at any voltage in
the range 90...264 V (a.c). Preferred check
points are 110, 220 and 240 V (a.c.)

~ Switch the oscilloscope on at a mains
voltage between 90,..264 V (a.c.)

— Comnect the input of Ch. A with the CAL
voltage

- Press AUTO

= Adjust AMPL/DIV of Ch. A, TIME/DIV and
other controls to a nice display of the CAL
output voltage

~ Check that the display stays stable over
the mains voltage range 90...264 V (a.c.)

~ Switch the oscilloscope off and disconnect
the variable transformer from the mains




A2

SUBJECT

TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

Mains voltage curreat

Variable mains voltage transformer and
digital multimeter

- Connect the oscilloscope to the variable
mains transformer. In one of the mains
conductors of the oscilloscope the digital
nultimeter (a.c. current range) must be
present.

Connect the transformer to the mains and
switch the oscilloscope on. Graticule
illumination must be on

~ Measure the current drain of the
oscilloscope according to the table below
(rms value). This current depends on the
applied mains voltage and from the fact if
the IEEE option is installed or not. The
current with installed option is meationed
between brackets.

Mains voltage: Current:

110 v (a.c.) 1,24 (1,4 8)
220 v (a.c.) 0,55 A (0,65 A)
240 V (a.c.} 0,5 A (0,6 4)

Disconnect the variable mains transformer
from the mains and connrect the oscilloscope
directly to the mains voltage.



B. C.R.,T. DISPLAY SECTION

B. SUBJECT Trace distortion
TEST EQUIPMENT L.f. sine-wave generator
SETTINGS — Press AUTO

Select imput coupling GROUND
- shift the Ch, A trace in the vertical mid
of the screen

REQUIREMENTS - Check that the Ch. A trace is exactly in
parallel with the horizontal graticule
lines

- If not correct this with the screwdriver
control TRACE ROT

Shift the Ch. A trace upwards and' downwards
and check if the deviation from the
straight line does not exceed 0,1 div
measured outside the central 8x10 div.

MEASURING RESULTS  ....... F O e beeeacerasene

Press AUTO

Apply a 2 kHz/1,6 V (pp) sine wave voltage

to the Ch. A input socket,

- Adjust the generator’s output voltage to
8 div vertical deflection.

~ 8Select vertical display of Ch. A and B

Shift the Ch. A and Ch. B display in the

vertical mid of the screen.

- Select in the DISPLAY section A versus B

display and switch register § on

SETTINGS

REQUIREMENTS - Check that a vertical line of 8 div is
displayed.

Shift this line to the left and the right
by means of X-POSITION and check if the
deviation from the straight line does mot
exceed 0,1 div outside the cetrol 8x10 div.

MEASURING RESULTS feresieaa TR PPN



SETTINGS - Shift the vertical line in the horizontal
mid of the screenm,

REQUIREMENTS -~ Check that the angle between the vertical

graticule lines and the displayed line does
not exceed 0,5 degree,

MEASURING RESULTS .

c. VERTIGAL DEFLECTION
c.1 SUBJECT Input coupling Ch. A (B)
TEST EQUIPMENT L.f. sine-wave generator
SETTINGS - Apply a 1 kHz/120 mV (pp) to input socket A
(B)
- Press AUTO

~ Select 50 ohm and d.c. input coupling

= Adjust AMPL/DIV to 20 mV/div for Ch. A (B)
and the generator to an output voltage of
6 div.

- Lower the generator frequency to 10 Hz,
Vertical display must stay 6 div.

- Select d.c. trigger coupling and adjust the
LEVEL control for a triggered display

- Select 20 ms/div with the TIME/DIV control

~ Select a.c. input coupling for Ch. A (B)

REQUIREMENTS - Check that the amplitude of the displayed
signal is 4,3 div or higher.

MEASURING RESULTS PR I Pressiaseneane Peraaaeee

SETTINGS - Select GROUND input coupling for Ch, A {(B)

REQUIREMENTS - Check that only a straight line is

- displayed

MEASURING RESULTS P P
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SUBJECT Vertical deflection coefficients Ch. A (B)
TEST EQUIPMENT Sq. wave calibration generator
SETTINGS - Apply a calibrated sq.wave signal of
1 kHz/20 mV (pp) to input Ch. A (B)
~ Press AUTO

- Select d.c. input coupling and 1 megaohm
input impedance

- Select 5 mV/div with the Ch., A (B) AMPL/DIV
control

REQUIREMENTS - Check if the amplitude of the signal is &
div ( +or- 2%)

MEASURING RESULTS NN eeeiesases ettt a ey Crearrea
SETTINGS AND - Increase the Ch. A (B) input signal
REQUIREMENTS according to the following table and check

the accuracy of the displayed signal

Input voltage (pp) Y AMPL setting Requirements Measuring

results
50 mV 10 mv 5 div.{(+or-2%)
0,1V 20 mv 5 div. (+or-2%)
0,2V 50 mv 4 div.(+or-2%)
0,5V 100 mv 5 div. (+or-2%)
1v 200 mv 5 div. (+or~2%)
2V 500 mv 4 div, (+or-2%)
5v 1v 5 div.{+or-2%)
10V 2v 5 div. (+or-2%)
20V 5V 4 div, (+or-2%)
SETTINGS ~ Select 5 V/div input sensitivity for Ch. A
(B)
- Turn the VARIABLE gain of Ch. A (B) into
the UNCAL position towards an input
sensitivity of 10 V/div.
REQUIREMENTS Check that the accuracy of the vertical
deflection is within +or- 15%
MEASURING RESULTS  ...... eresee e

Put the VARIABLE gain back in the calibrated
position.



SUBJECT

TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

SETTINGS AND
REQUIREMENTS

Input impedance and capacitance Ch, A (B)

8q.wave calibration generator and

1

megaohm/14 pF dummy probe 2:1

Apply a calibrated sq.wave signal of

1 kHz/50 mV (pp) to inmput Ch. A (B) via the
dummy probe

Press AUTO

Select 5 mV/div with the Ch. A (B) AMPL/DIV
control

Select d.c. input coupling and 1 megaohm
input impedance

Check if the amplitude of the signal is 4
div (+or- 2%) aund that it is free from
overshoot or undershoot

Increase the Ch. A (B) input signal
according to the following table and check
the signal accuracy and pulse response.

Input voltage(pp) Y AMPL setting - Requirements Measuring results
via dummy probe
0,1V 10 mv 5 div,{(+or-2%)
0,2 v 20 v 5 div., (+or-2%)
0,5V 50 my 5 div.(+or-2%)
1v 100 mv 5 div. (+or-2%)
2V 200 mv 5 div,(+or-2%)
5V 500 v 5 div. (+or-2%)
v 1v 5 div.(+or-2%)
20V 2y 5 div. (+or-2%)
50 v 5V 5 div.(+or-2%) e




SUBJECT

TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

SEITINGS

MEASURING RESULTS

SETITINGS

REQUIREMENTS

MEASURING RESULTS

4-9

Protection of 50 ohm input impedance Ch. A (B)

L.f. sq.wave generator (source impedance 50
ohm.

- Select 1 megaohm input impedance

- Apply a sq.wave signal of 1 kHz/6 V (pp) to
the Ch. A (B) iaput

- Press AUTO

- Select 2 V/div with the Ch. A (B) AMPL/DIV
control

- Check if it is possible to switch Ch. A (B)
from 1 megaolm to 50 ohm imput impedance
This can be observed on the CRT because the
signal amplitude halves and the softkey
text 50 ohm becomes intensified.

- Keep the instrument in 50 ohm position

- Increase the output signal from the
generator to 15 V (pp) (into 50 ohm)

~ Check if the instrument switches
automatically back te 1 megaohm input
impedance. The softkey text "1 megaohm"
becomes intensified now and the displayed
signal amplitude doubles,

— Keep the instrument in ! megaohm position
= Adjust the generator output voltage to
15 v (pp} (into 1 megaohm)

~ Check that the Ch., A (B) input impedance
cannot be switched to 50 ohm




SUBJECT
TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

SUBJECT

TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

Vertical dynamic range Ch. A (B)
Constant amplitude sine-wave generator

- Apply a sine-wave of 200 MHz/2 V (pp) to

the Ch. A (B) input. Select 50 ohm imput

impedance for Ch. A (B)

Press AUTO

- Select 500 mV/div with the Ch. A (B)

AMPL/DIV control

Readjust the output signal of the generator

so that 4 div are displayed.

- Select 200 wV/div with the Ch. A (B)
AMPL/DIV comtrol

Shift the displayed sinewave upwards and
downwards and check that it is free from
distortion

Vertical bandwidth Ch. A (B) in 50 ohm and
1 megaochm positicns

Constant amplitide sine-wave generator

- Apply a sine-wave of 50 kHz/120 mV (pp) to
the Ch. A (B) imput

Press AUTO

Select 50 ohm input impedance (external
termination resistor not necessary).

Select 20 mV/div with the Ch. A (B)
AMPL/DIV control

Readjust the output signal of the generator
so that exactly 6 div are displayed.

- Increase the frequency of the generator up
to 200 MHz

Check that the displayed amplitude via

Ch. A (B) is always 4,3 div or higher ovex
the complete bandwidth range

Adjust -if necessary- the TIME/DIV knob for
a well-difined sine-wave



TEST EQUIPMENT

SETTINGS

REQUTIREMENTS

MEASURING RESULTS

SUBJECT
TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

Constarnt amplitude sine-wave generator,
50 ‘ohm termination resistor and adapter
BNC/probe tip.

= Connect the termination resistor directly
to the output socket of the sine~wave
generator

- Comnect the 10:1 attenuator probe PM8929/09
to input A (B) of the oscilloscope
This probe must be correctly compensated
according to the procedure given in
chapter 8.1.1.4 in the operating manual

- Put the probe tip via the BNC/probe tip

adapter in the 50 ohm termination at the

generator

Readjust the generator so that exactly 6

div are displayed at a frequency of 50 kHz

— Increase the frequency of the generator up
to 200 MHz

- Check that the displayed amplitude via
Ch. A (B) is always 4,3 div or higher over
the complete bandwidth range.

- Adjust -if necessary~ the TIME/DIV knob for
a well-difined sine-wave

Bandwidth limiter Ch. A (B)
Constant amplitude sine-wave generator

- Apply a sine-wave of 20 MHz/120 mV (pp) to
the Ch. A (B) input

= Press AUTO

- Select 50 ohm input impedance

= Select 20 mV/div with the Ch. A (B)
AMPL/DIV control,

~ Readjust the output signal of the generator
so that exactly 6 div are displayed.

- Switch the instrument’s bandwidth limiter

on (via vertical MODE and softkey

PROGESSING)

Check that the amplitude of the displayed

signal is 4,3 div,




SUBJECT

TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

TEST EQUIPMENT

SETTINGS

Pulse response Ch. A (B) in 50 ohm and 1
megaohm positions

Sq.wave calibration generator

8

Apply the fast-rise output of the generator
to the Ch. A (B) input., Maximum output
voltage must be selected and a frequency of
1 MHz

Press AUTO

Select 50 ohm and d.c. coupled input

Select 200 mV/div with the Ch. A (B)
AMPL/DIV control., Adjust the gemerator
output voltage to a deflection of exactly 6
or 5 div.

Put the signal exactly in the vertical mid
of the screen.

Select 5 ns/div with the TIME/DIV control.

Check the pulse respouse during first

10 ns: the pulse abberations must not
exceed +tor- 6%. This means abberations of
+or- 0,3 div (0,35 div) at an pulse
amplitude of 5 div (6 div)

For an accurate measurement it is necessary
that the rise-time of the generator signal
is 1 ns, Eventual pulse distortion from
the generator must also be taken into
account.

q.wave calibration generator, 50 ohm

termination resistor and adapter BNG/probe
tip

Conpect the termination resistor directly
to the fast-rise output of the generator
Connect the 10:1 attenuator probe PM8929/09
to input A (B) of the oscilloscope. This
probe must be correctly compensated
according to the procedure given in chapter
8.1.1.4 in the operating manual,

Put the probe tip via the BNC/probe tip
adapter in the 50 ohm termination at the
generator

Select 200 mV/div with the Ch. A (B)
AMPL/DIV control. Adjust the gemerator
output voltage to a deflection of 6 or 5
div,

Put the signal exactly in the vertical mid
of the screen.

Readjust the generator so that 5 or 6 div
are displayed on the screen.




REQUIREMENTS

MEASURING RESULTS

SUBJECT

TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

SETTINGS

REQUIREMENTS

MEASURING RESULTS

Check the pulse response during the first

10 ns: the pulse abberations must not

exceed +or- 6%. Other conditions identical to
the check with 50 ohm input impedance.

Base line instability

BNC/banana adaptor PM9051 with intercounected
outlets

. = Press AUTO without input signals.

- Select Ch. A and B for vertical display

~ Position the A and B lines in the vertical
mid of the screen

- Select function ADD

~ Check that the line that should be.in the
vertical mid of the screen does not have a
displacement of more that 0,3 div,

~ Select Ch, A and B for vertical display

~ Position the Ch. A line 1 div. above the
vertical mid of the graticule and the Ch. B
line 1 div. under the vertical mid.

- Select softkey function "PROCESSING"

~ Switch softkey function '"MIN MAX"
repeatedly on and off

~ Check that the Ch. A and B lines do not
jump more tham 0,5 div.



SETTINGS

REQUIREMENTS

MEASURING RESULTS

SETTINGS

REQUIREMENTS

MEASURING RESULTS

SETTINGS

REQUIREMERTS

MEASURING RESULTS

SETTINGS

REQUIREMENTS

SETTINGS

switch functiom "MIN MAX" off

Switch up and down through the complete
range of the Ch. A and B AMPL/DIV control.
This happens if you keep the knob fixed in
one .position

Check that the Ch. A and B lines do not
jump more than 0,15 div

Switch the softkey functions "A-INVERT" and
"B-INVERT" repeatedly on and off

Check that the Ch. A and B lines do not
jump more tham 0,3 div.

Switch the INVERT functions off
Switch the Ch. A and B input couplings
repeatedly between AC, DC and GROUND

Check that the Ch. A and B lines do not
jump more thamn 0,1 div.

Ground the Ch. A (B) input externally by
means of a BNC/barana adapter with
interconnected outlets,

Select d.c. input coupling for Ch. A and B
Turn the controls VARIABLE gain Ch. A and B

- répeatedly between their extreme positions

Check that the Ch, A and B line do not move
more than 0,6 div,

Remove the BNC/banana adaptor

Put the VARIABLE gain controls in their CAL
position -

Shift the Ch. A and B lime exactly in the
vertical mid of the screen.

Switch the MAGNIFY function repeatedly
between Yx1 and ¥x5



REQUIREMENTS
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SUBJECT

TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

4-15

=~ Check that the jump of the Ch. A and B line
does not exceed 0,5 div

Common mode rejection ratio

Constant amplitude sine-wave generator,
terminator 50 ohm and T-piece

- Apply a 50 kHz sine-wave of 1,6 V (pp) to
input A and B via equal cables. The
generator must be terminated with an
external 50 ohm piece., Imput impedance of
oscilloscope channels 1 megaohm,

- Press AUTO

Select 200 mV/div with the Ch. A and B

AMPL/DIV controls

- Position both signals exactly in the
vertical mid of the screen.

—~ Select B-INVERT mode and ADD-mode

- Adjust either the VARTABLE gain control of
Ch. A or B for minimal amplitude of the
displayed signal.

- Increase the generator’s frequency to 1 MHz
(50 MHz)

Check that the amplitude of the displayed
signal does not exceed 0,08 div (0,4 div)




SUBJECT Average function

TEST EQUIPMENT Constant amplitude sine-wave generator and
) 1.f. sine-wave generator

SETTINGS ~ Select 50 ohm input impedance for Ch. A

and B

- Apply a 1.f. sine-wave of 1 kHz/1,2 V (pp)
to the Ch. A input

- Press AUTO

- Select 200 mV/div for Ch. A

- Select trigger COUPLING modes
AC and HF reject

- Apply a h.f. sine-wave of 100 MHz/0,2 V (pp)
from the constant amplitude generator to
the Ch. B input socket.

- Ch. B input sensitivity must be 200 mV/div

- Select ADD mode for vertical display.
The display now shows the 1 kHz/6 div
sinewave with much noise superimposed.

REQUIREMENTS - Select via vertical mode and precessing the
average mode. Now you can select the value
“g" between 2.,,64, The higher C is
choosen, the cleaner the display becomes:
the noise is eliminated. A high C value has
the disadvantage that the correction action
lasts longer

MEASURING RESULTS eeeraee

HORIZONTAL DEFLECTION

SUBJECT Deflection coefficients time base
TEST EQUIPMENT Time marker generator
SETTINGS - Press AUTO

|

Select d.c. input coupling and 50 Ohm input
impedance for Ch. A

Select d.c. trigger coupling

Apply the output signal of the time marker
generator -to input Ch, A

Adjust the LEVEL control for a triggered
display

'

REQUIREMENTS - Check the deflection coefficient error
according to the table below



Time markers(pp) time base Max, coefficient Measuring
pulse frequency  setting ,../div error results
5s 5s +or 1%
2s 2s +or 1%
ls 1ls +or 1%
0,5 s 0,5 s +or 1%
0,2 s 0,2 s +or 1%
0,1's 0,1 s +or 1%
50 ms 50 ms +or 1%
20 ms 20 ms +or 1%
10 ms 10 ms +or 1%
5 ms 5 ms +or 1%
2 ms 2 ms +or 1%
1 ms 1 ms +or 1%
0,5 ns 0,5 ms +or 1%
0,2 ms 0,2 ms +or 1%
0,1 ms 0,1 ms +or 1%
50 us 50 us +or 1%
20 us 20 us +or 1%
10 us 10 us +or 1%
5 us 5 us +or 1%
2 us 2 us +or 1%
1 us 1 us +or 1%
0,5 us 0,5 us +or 1%
0,2 us 0,2 us +or 1%
0,1 us 0,1 us +or 4%
50 ns 50 ns +or 4%
20 ns 20 ns ror 4%
10 ns 10 ns +or 4%
5 ns 5 ns +or 4%

~ Remove the input signal

SUBJECT
TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

Time base line instability

~ Press AUTO

Position the Ch. A base line in the

vertical mid of the screen

- Switch up and down through the complete
range of the TIME/DIV switch. This happens
if you keep the knob fixed in one position

Check that the vertical jump of the line
does not exceed 0,6 div,
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SETTINGS

REQUIREMENTS

MEASURING RESULTS

SETTINGS

REQUIREMENTS

MEASURING RESULTS

SETTINGS

REQUIREMENTS

MEASURING RESULTS

Trigger sensitivity via Ch. A (B)
Constant amplitude sine-wave generators

- Apply a sine-wave of 50 kHz/0,5 V (pp) to
the Ch. A (B) input socket. Input
impedance 50 ohm

- Press AUTO

~ Increase the signal frequency to 30 MHz

- Select 20 ns/div for the time base

= Decrease the signal amplitude to 0,5 div
(pp) displayed on the screen.

= Check that the signal of 30 MHz/0,5 div
(pp) is correctly triggered via Ch. A (B).
The pilot lamp NOT TRIG'D must be off.

— Increase the signal frequency to 200 MHz
— Select 5 ns/div for the time base
~ Increase the signal amplitude to 1 div (pp)

= Check that ‘the signal of 200 MHz/1 div (pp)
is correctly triggered via Ch. A (B). The
pilot lamp NOT TRIG'D must be off,

- Change the constant amplitude sine-wave
generator into the type that is able to
deliver 300 MHz into Ch. A( B)

- Adjust the amplitude of the generator to
3 div (pp)

= Check that the sigral of 300 MHz/3 div (pp)
is correctly triggered via Ch. A (B).
The pilot lamp NOT TRIG'D must be off.




D.4 SUBJECT Trigger sensitivity via EXT (EXT:10)

TEST EQUIPMENT Constant sine-wave generators, terminator 50
ohm and T piece

SETTINGS - Apply a 50 kHz sine-wave of 100 mV (pp)

(1 v (pp)) to input Ch. A and EXT TRIG.

The generator must be terminated with an

external 50 obm terminator. From this

terminator, the signal is supplied to EXT

TRIG and Ch. A via a T~piece and two equal

coaxial cables.

Select 1 megaohm input impedance for Ch. A

Press AUTO

Select 20 mV/div (200 mv/div) for Ch. A

-~ Trigger the time base on SOURCE EXT
(EXT:10)

~ Increase the signal frequency to 30 MHz

- Select 20 ns/div for the time base

- Decrease the signal amplitude to 50 mV (pp)
(500 mv (pp)). This can be monitored via

Ch. A
REQUIREMENTS Check that the signal of 30 MHz/50 aV (pp)
(500 mV (pp)) is correctly triggered via EXT
(EXT:10)

The pilot lamp NOT TRIG'D must be off

MEASURING RESULTS ’ ereeaans

SETTINGS - Increase the signal frequency to 200 MHz
Select 5 ns/div for the time base
~ Increase the signal amplitude to 100 mv (pp)

(1 v (pp))

REQUIREMENTS - Check that the signal of 200 MHz/100 mV (pp)
(1 v {pp)) is correctly triggered via EXT
(EXT:10)

The pilot lamp NOT TRIG'D must be off

MEASURING RESULTS et P ererrsaasenan
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SETTINGS

REQUIREMENTS

MEASURING RESULTS

SUBJECT
TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

- Change the constant amplitude sine-wave
generator into the type that is able to
deliver a signal of 300 MHz/300 mV (pp)
(3 v (pp)) into the EXT TRIG input

-~ Terminate the generator’s output signal
with an external termination piece and
apply it to the EXT TRIG input

~ Adjust the generator’s output signal ot

exactly 300 mV (pp) (3 V (pp))

Select EXT (EXT:10) as a trigger source.

1

- Check that the sine-wave of 300 MHz/300 mV
(pp) (3 V (pp)) triggers the time base
correctly. The pilot lamp NOT TRIG’D must
be off then.

Level control range Ch, A (B)
L.f. sine-wave generator

~ Apply a sine-wave of 50 kHz/1,6 V (pp) to
Ch. A (B)

- Select 50 ohm input impedance for Ch, A (B)

= Press AUTO

~ Select 200 mV/div with the Ch. A and B
AMPL/DIV coutrols.

~ Adjust the generator output voltage to a
vertical display of 8 div,

~ Select a.c. trigger coupling

- Select 100 mV/div with the Ch. A and B
AMPL/DIV controls

- Shift the via Ch. A (B) displayed sine-wave
upwards and downwards and check that the
range of the LEVEL control lies at least
between top and bottom of the sine-wave




D.6

SUBJECT

TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

421

Level control range via EXT (EXT:10)

L.f. sine-wave generator, terminator 50 ohm
and T-piece

- Apply a 50 kHz sine-wave of 1,6 V (pp)
(16 Vv (pp)) to imput Ch. A and EXT TRIG.
The generator must be terminated with an
external 50 ohm terminator, From this
terminator the signal is supplied to EXT
TRIG and Ch. A via a T-piece and two equal
coaxial cables

- Select 1 megaohm input impedance for Ch. A

~ Press AUTO

= Select 200 mV/div (2 V/div) for Ch. A

- Trigger the time base on EXT (EXT:10)

- Select a.c. trigger coupling

~ Adjust the generator for a vertical display
via Ch. A of exactly 8 div.

Check that the range of the LEVEL control
is at least between the top and bottom of
the displayed sine-wave



SUBJECT

TEST EQULPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

SETTINGS

REQUIREMENTS

MEASURING RESULTS

Bandwidth of trigger filters

L.f. sine-wave generator, terminator 50 ohm
and T-piece

~ Apply a 1 kHz sine-wave of 30 mV (pp) to
input Ch. A and EXT TRIG. The generator
must be terminated with an extermal 50 ohm
terminator:’ From this terminator the
signal is supplied to EXT TRIG and Ch. A
via a T-piece and two equal coaxial cables

- Select 1 megaohm input impedance for Ch. A

- Press AUTO

- Select 20 mvV/div and d.c. input coupling
for Ch, A and check that 2,5 div signal
are displayed. If necessary the generator
output voltage must be readjusted.

- Select EXT as trigger source

- Select a.,c. and HF REJECT trigger coupling
and adjust the LEVEL control for a well-
triggered display

- NOT TRIG'D lamp must be off

- Increase the generator’s frequency to
100 kHz. Time base in position 5 us/div

— Check that there is no position of the
LEVEL contrcl that gives a triggered display

— Increase the generator’s output voltage to
100 mv (+6 dB). This results in 5 div
signal amplitude on the screen

— Check that the LEVEL can be adjusted to a
triggered display

- Decrease the generators frequency to 5 Hz

- Select 50 ms/div for the time base

- Decrease the gemerator’s output voltage to
50 mV (0 dB). This results in 2,5 div
signal amplitude on the screen

- Select a.c. trigger coupling

- Check that there is no position of the
LEVEL control that gives a triggered display

~ Increase the generator’s output voltage to
100 mv (+6 dB). This results in 5 div
signal amplitude on the screen

- Check that the LEVEL can be adjusted to a
triggered display
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Horizontal expansion accuracy
Time marker generator

=~ Apply a 100 us time marker signal to the
Ch. A input socket

~ Press AUTO

- Select 200 us/div for the time base

~ Select a suitable input sensitivity with
the Ch. A AMPL/DIV

— Turn the X-EXPAND towards the UNCAL
position 100 us/div

Check for a display accuracy of + or - 5%

Positioning range vertical and horizontal
Constant amplitude sine-wave generator

-~ Apply a 50 kHz/1,6 V (pp) sine-wave to the
Ch. A {B) input socket.

- Input impedance of Ch. A must be 50 olm

~ Press AUTO

- Select 200 mV/div input sensitivity for

Ch. A (B)

Adjust the generator output voltage to a

vertical display. of exactly 8 div.

~ Turn the Ch. A (B) SHIFT clockwise and
check that the sine-wave does not cover the
5 div in the bottom half of the screen

- Turn the Ch. A (B) SHIFT anti-clockwise and
check that the sine-wave does not cover the
5 div in the top half of the screen

= Turn the Ch. A or B SHIFT so that the 8 div
signal are exactly in the vertical mid of
the screen

= Turn the X-POSITION clockwise and check
that the left 5 div of the screen are not
covered by the signal.

= Turn the X-POSITION anti-clockwise and
check that the right 5 div of the screen
are not covered by the signal,



CURSORS

E.1l

E.2

SUBJECT
TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS
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SETTINGS

Voltage cursor accuracy
Sq. wave calibration generator

- Apply a sqiwave voltage of 1 V (pp) to the
Ch. A input

- Press AUTO

Select 200 mV/div for Ch. A and a.c. irput

coupling

- Select 1 megaohm input impedance for Ch. A

= Press LOCK

- Press CURSOR

- Select cursors on REG A

- Position the lst CURSOR in the horizontal
mid of the top of the waveform

- Position the 2nd GURSOR in the horizontal
mid of the bottom of the waveform

Check for a voltage cursor read-out of
1000 mV + or = 20 mV

Time cursor accuracy
Time marker generator

- Apply 1 ms time marker signal to the Ch. A
input

=~ Press WRITE

— Press AUTO

~ Select a suitable AMPL/DIV position for

Ch. A

Select 1 ms/div for the time base

Press LOCK

Press CURSOR

Select REG A

Position the lst CURSOR amnd the 2nd CURSOR

so that they cover a distance of 8 time

marker intervals

1

Check for a time cursor read-out of 8 ms
+ or - 0,0016 ms

-~ Select WRITE again.



F. CALIBRATION VOLTAGE
F.l SUBJECT Calibration voltage frequency accuracy
TEST EQUIFMENT
SETTINGS — Comnect the CAL output voltage with the
Ch. A input
- Press AUTO
-~ Press LOCK
— Press CURSOR
- Select cursors on REG A
REQUIREMENTS Check by positioning of the cursors that the
duration of one period of signal is 500 us
(+or~ 1,5 us)
Check also the duration of both halves of a
period are equal. This is important for the
tms voltage measurement in 6.2
MEASURING RESULTS serasassssasen e ,e erreas rees
- Select WRITE again.
F.2 SUBJECT Calibration voltage accuracy

TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

Digital multimeter amd 50 ohm termination
resistor

Connect the multimeter (a.c. rms voltage
range) between the imstrument’s measuring
earth and the CAL output socket and measure
the rms value of the output voltage
directly and with terminated {50 ohm) CAL
output

Check for a voltage read out of 500 mV
(+or- 5 mV) respectively of 250 mV
(+or- 2,5 mv)



PLOT OUTPUT

SUBJECT

TEST EQUIPMENT

SETTINGS

REQUIREMENTS

MEASURING RESULTS

Accuracy of vertical and horizontal plot
output voltages

Digital multimeter and 1.f. sq.wave generator

Plug the plot cable into the DIN plot

output socket at the rear of the instrument.

- Apply a sq.wave signal of 100 Hz/1,6 V (pp)

to input A and B w

Press AUTO

Select 200 mV/div for Ch. A and B and d.c.

input coupling

- Position the two sq.wave signals in the
vertical mid of the screen with SHIFT A
and B

- Increase the generator’s output voltage so
that the displayed signal shows clipping

- Select A versus B via the DISPLAY mode and

switch register Rf on

Select 20 ms/DT via the menu PLOT SELECT

ANALOG

- Press .softkey "analog". The oscilloscope

starts the plot action. This can be seen

because the dot moves from left to right in

the bottom of the screemn.

- Measure with the digital multimeter (d.c.
voltage range) the maximum voltage at the
vertical plot output (red banana plug,
black is mass). This voltage must be
1000 mV + or - 30 mV

~ Measure with the digital multimeter (d.c.
voltage range) the maximum voltage at the
horizontal plot output (blue banana plug,
black is mass). This voltage must be
1000 mv + or - 30 mV
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DISMANTLING THE INSTRUMENT

GENERAL INFORMATION

This section provides the dismantling procedures required for the
removal of components during repair operations.

All circuit boards removed from the instrument must be adequately
protected against damage, and all normal precautions regarding the use
of tools must be observed.

During dismantling a careful note must be made of all disconnected
leads so that they cam be recomnected to their correct terminals
during assembly.

CAUTION: Damage may result if:

- the instrument is switched on when a circuit board has been
removed,

- a circuit board is removed within one minute after
switching-off the instrument,

REMOVING THE COVERS

The instrument is protected by three covers: a fromt protection cover,
a top cover and a bottom cover. To facilitate the removal of the
instrument’s covers, first put the front protection cover in position.

Then proceed as follows:

~ Hinge the carrying handle clear of the front protection cover.

~ Stand the instrument on its protective front cover on a flat
surface,

~ Unscrew the two screws A and B present in the left foot and the two

screws G and D present in the right foot at the rear panel and

remove these feet (see figure 5.1).

The top cover and the bottom cover (without carrying handle) can be

removed by shifting them backwards and lifting them of the

instrument,

NOTE: When reinstalling the top and bottom covers again, take care
that the wiring (coaxial cables and Flat cables) is not
damaged.

Reinstalling the top and bottom covers has to be done in the
reversed order as described above,



ACCESS TO PARTS FOR THE ADJUSTING PROCEDURE

After performing the actions which are described in section 5.2, all
adjustment points are easily accessible.

Figure 5.1 Removing the rear feet.
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BLOCKDIAGRAM AND DESCRIPTION

This chapter serves to explain the main functions of the
oscilloscope. The system can be divided into a number of sections:

- Acquisition section

~ Calculation section

- Display and plot section
- Front section

- Control section

—~ Power supply section

ACQUISITION SECTION

By means of the acquisition section the analog signals are sampled
and converted into digital codes.

Before conversion the aralog input signals must be adapted so that an
Analog to Digital Converter (ADC) is able to convert them.

The vertical chamnels (units A27...A32, A35)

The vertical section consists of twe identical channels A and B with
a sensitivity range of 5 mV/div...5 V/div in a 1-2-5 sequence.

Each chamnel includes a probe indication and an input protection
circuit.

HF and LF attenuator and EXT trigger unit (units A27, A28, A29 and
A30)

Since channel A and B attenuator units are identical, only channel A
is described. The input signal is applied to the vertical input
socket. From here the signal is split up into two compoments; namely:

- The HF (high frequency) compouent applied to the CAPAGITIVE
ATTENUATORS block, which gives signal attenvation of x100, x10 or
xl,

- The LF and DC (low frequency and direct current) components applied
to the COMPARATOR block. The OFFSET control signal coming from the
MANAGEMENT UNIT is applied to the FEEDBACK RESISTORS block together
with an offset bias level from the OFFSET BIAS circuit. The output
of the FEEDBACK RESISTORS block is then applied to the COMPARATOR
for vertical OFFSET control. In the input of the COMPARATOR, a d,c.
blocking capacitor is present for the AG-coupled mode. This
capacitor is short-circuited by a switch contact in the DC-coupled
mode.



The output signals from the CAPACITIVE ATTENUATORS and from the
COMPARATOR are added and amplified by the SUMMATION STAGE AND OUTPUT
AMPLIFIER. The output signal is routed to the VERTICAL SIGNAL UNIT. A
part of the output signal is fed back via the FEEDBACK RESISTORS block
to the imput of the COMPARATOR where it is compared with the LF and DC
components in the input signal. Various feedback resistors can be
selected in the FEEDBACK RESISTORS block. This occurs simultaneously
with the selection of the attenuation coefficients of the CAPACITIVE
ATTENUATORS. - :

The input impedance of the attenuator unit can be changed from 1 MOhm
to ‘50 Ohm if the 50 Ohm termination resistor is switched on. If the
dissipation in this resistor is excessive, the TEMPERATURE SENSING
CIRCUIT gives an alarm to the microprocessor system. This alarm is
routed via the line that is also used for the probe indicator to the
PROBE DET. AND 50 OHM PROT. ADC on the MANAGEMENT UNLT.

The EXT TRIG circuit operates inm the same way as the channel
attenuators A and B. However, there are only two attenuation steps.
The LINE trigger signal (INTR), applied to the FEEDBACK RESISTORS
block comes from the POWER SUPPLY. The selected output signal is
applied to the TRIGGER SOURCE SELECTOR block.

The EVENTS/EXT CLOCK input circuit is identical to the EXT TRIG input
ecircuit, except the EVENT LEVEL signal coming from the MANAGEMENT UNIT
which determines the level on which the trigger is passing through.
The output signal is applied to the EVENTS AMPLIFIER on the VERTICAL
SIGNAL unit.

Vertical signal unit (unit A32)

The output of the summation stage of the HF ATTENUATOR UNIT is fed to
the VAR ATTENUATOR-circuit via the PRE-AMPLIFIER which determines the
attenuator factors xl, x2 and x5. The VAR-circuit is controlled by the
VAR DAC which om its turn is controlled by the VAR frontpanel control
via the data bus and the VAR-SHIFT LATCHES on the MANAGEMENT unit to
achieve continuous control of the signal amplitude. Via the NORMAL-
INVERT circuit the signal is routed to the BANDWIDTH LIMITER AND SHIFT-
circuit, The SHIFT is controlled by the SHIFT DAC via the data bus and
the VAR-SHIFT LATCHES on the MANAGEMENT unit.

The channel A'as well as the chamnel B output signals are applied to
the CHANNEL SWITCH.

This switch can be switched for single chanmel A, single channel B,
dual channel or add. In add the added signal is present on the channel
A output.

The setting of the channels is realized via the microprocessor system
and the MANAGEMENT unit, The microprocessor system is able to react on
changes on the frontpanel or on selection of softkey functions by the
operator of the instrument.



.1.2

Management unit (unit A25)

The settings of the vertical channels A, B, EXT TRIG and EVENTS/
EXT CLOCK input and also the VERTICAL SIGNAL UNIT are controlled by
the microprocessor system via the ATT. - VERTICAL SIGNAL AND TRIGGER
LATCHES block on the MANAGEMENT UNIT.

On this unit the digital control codés from the microprocessor system
are converted into analog values by the Digital to Analog Converters
(DAC): TRIGGER LEVEL, OFFSET A (B), EVENT LEVEL.

The VAR-SHIFT DAC’s are driven, via the VAR-SHIFT LATCHES.

The analog 50 Chm and probe detection signals are converted into a
digital code by the PROBE DETECTION AND 50 OHM PROT., ADC circuit and
can be read by the microprocessor system.

DATA and ADDRESS BUFFERS are also present on this unit to buffer the
data and control signals for the DAC’s, ADG’s and several latches.
A number of control signals is generated by the ADDRESS DECODER,

A SERIAL-PARALLEL CONVERTER circuit conmverts the serial data from the
DELTA~t CIRCUIT on the clock unit into parallel data, which is applied
to the microprocessor system when an IL@6--LT interrupt signal is
generated.

Communication between the CCD logic and the microprocessor system is
possible via an INPUT LATCH and an OUTPUT LATCH.

The signal switches and the peak detectors (umit A33)

The CHANNEL SWITCH output signals are each applied to a SIGNAL SWITCH
which is controlled by an OUTPUT LATCH and by the ACQUISITION CONTROL
LOGIC via the STATUS LOGIC.

Depending on the selection of the MIN / MAX softkey functionm, signals
are fed through PEAXK DETECTORS or not. Controlling and resetting of
the PEAK DETECTORS is done in a rhythm which depends on the time base
speed.

The P2CCD circuits and control logic {unit A33 and A26)

Signals from the signal switches are passing P2eCD circuits. These
profiled peristaltic charged coupled devices acts as analog
shiftregisters which are able to store signal samples in a rhythm
which depends on the selected time base speed. This rhytm is ginerated
by the FAST TIME BASE DIVIDER and via DRIVERS applied to the P4CCD
circuits, For iime base speeds which can not be handled by the ADC
anymore, the P“CCD devices are used for time conversions. This means
that signal samples can be sampled by the P2CCD circuits in a high
rhythm up to 250 MHz and later converted by an ADC circuit in a lower
rhythm, 200 kHz per channel. This lower rhythm is genmerated by the
SLOW CLOCK DIVIDER. 5

Each channel contains a P“CCD device which contains two sections of
256 signal ‘samples. So in each chamnel 512 signal samples can be
present,



The output signals of the P2CCD’s are applied to fast CLAMP /
INTEGRATE / HOLD circuits. These CIH circuits are able to hold the
signal information for a time which 1s long enough for the TRACK AND
BOLD circuit behind them to take them over.

The holded signal levels are applied to a PZCCD CHANNEL SWITCH and
to differential stageg, whose outputs also are applied to the P2cop
CHANNEL SWITCH. The P“CCD CHANNEL SWITCH switches in a way which
d%pends on the selected time base modes under the control of the
P“CCD OUTPUT LOGIC. -

This logic also generates a start conversion signal for the ADG, which
is also a clock signal for the SHIFT REGISTER in the ACQULSITION
CONTROL LOGIC.

This switch places the output signal samples in serial and transports
them to the TRACK AND HOLD circuit om unit All.

The p2CCD system is controlled by a CCD LOGIC which delivers control
signals and which controls Ehe FAST TIME BASE DIVIDER which produces
the clock signals for the P“CCD devices. The logic is coutrolled by
trigger signals, and by the ACQUISITION GONTROL LOGIC. This
ACQUISITION CONTROL LOGIC handles the timing in the different time
base modes.

The CCD LOGIC also controls the PEAK DETECTOR RESET LOGIC which
generates the reset pulses for the PEAK DETEGTORS.

Aliasing (f sampling < 2x f trigger) is detected by an ALIASING
DETECTOR of which the output signal is applied to the microprocessor
system via an INPUT LATCH to control the frontpanel ALIASED lamp.

Auto triggering can be selected by the microprocessor system via the
OUTPUT LATCH. The AUTO TRIGGER LOGIC receives the trigger pulses from
the CCD LOGIC and produces am auto trigger for this CCD LOGIC when
during a time of 100 ms no trigger signal appears. The NOT TRIG'D
frontpanel lamp is controlled via the INPUT LATCH and the
microprocessor system.

The TRIGGER DELAY COUNTER is a down counter of which the loading is
effected by the microprocessor system with a value derived from the
softkey settings in combination with he TIME/DIV switch setting. Upon
the receipt of a trigger pulse from the CCD LOGIC the TRIGGER DELAY
COUNTER starts counting time base output pulses until its zero state
is reached.

This effects in 2 pulse which stops, the sampling of new input signal
samples by the P“CCD devices. The P“CCD contents can now be
corrected, converted, stored in TRACE REGISTER R§ and displayed on
the CRT screen.

The ADC circuit (unit All)

8ignal levels from the P2COD CHANNEL SWITCH are applied to a TRACK
AND HOLD circuit which is able to hold the levels for a time long
enough- for the ADC circuit behind it to do the conversion to a 12-bit
digital word, The ADC is able to perform conversion with a maximum
speed of 400 kHz and is controlied by the ADC LOGIC. The 12-bit
digital code is converted from straight binary into two’s complement
by the CODE CONVERT circuit and then latched in the SAMPLE DATA LATCH
for further data handling by the Digital Processing Unit (DPU).

The ADC output is also comnected to an OVERFLOW DETECTION circuit,
which on its turn is connected with the DPU.
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The trigger, trigger events -and trigger delay circuits (unit A26, A31
and A32)

A trigger signal can be derived via the. TRIGGER SOURCE SELECTOR
circuit' from one of the sources channel ‘A, channel B, the EXT TRIG
input socket or the LINE frequency. The selected trigger signal is via
softkey selectable TRIGGER FILTERS and a TRIGGER AMPLIFIER with
trigger slope selection applied to an AUTO P-P LEVEL DETECTOR circuit
where it is influenced by a signal derived from the frontpanel TRIGGER
LEVEL control via the TRIGGER LEVEL DAC. It also delivers the DC level
of the input signal to am AUTO OFFSET ADC, which converts this into a
digital code for the microprocessor system, which is used for AUTO
OFFSET.

The trigger signal is then applied to a TRIGGER AMPLIFIER + TV SYNC
SEPARATOR where it can pass a tv. sync, separator, if selected. Next
the TRIGGER LOGIC generates trigger pulses from the trigger signal.
These trigger pulses go to the TRIGGER SYNC LOGIC on unit A49.

Signals from the EVENTS AMPLIFIER on the VERTICAL SIGNAL UNIT are
applied to an EVENTS GOUNTER which can be preset by a value which is
generated by the microprocessor system depending on the number of
events selected by the user.

The trigger signal from the TRIGGER LOGIC as well as the output
signal from the EVENTS COUNTER are fed to the TRIGGER SYNC LOGIC.

The delta—t and digital time base circuits (units A26, A34, A48)

A DELTA-t CIRCUIT is introduced to measure the time between the moment
of triggering and the real sample moment. This is needed to know for
the different modes, on which memory location, converted digital codes
have to be stored.

The DELTA-t CIRCUIT consists of a DIGITAL TO ANALOG CONVERTER, an
INTEGRATOR and an ANALOG TO DIGITAL CONVERTER.

The input voltage for the INTEGRATOR is determined by the
microprocessor system and via the DAC applied to the INTEGRATOR.

The INTEGRATOR is started on a trigger from the TRIGGER SYNC LOGIC and
is stopped when the first sample is taken. The output voltage of the
INTEGRATOR, which is a measure for the time between the. trigger pulse
and the sample pulse, is converted via A SERIAL PARALLEL CONVERTER
circuit into parallel data. These are applied to the microprocessor
system via DATA BUFFERS after an IL@6--LT interrupt signal is
generated,

A 100 MAz OSCILLATOR and a 125 MHz OSCILLATOR, which are controlled by
the microprocessor system applies a signal to the FREQUENCY DOUBLER on
unit A48,

The output signal (FAST CLOCK) can be divided by the FAST TIME BASE
DIVIDER by different factors. These factors depend on the selected
time base speed. The dividers are set for a certain factor via the
microprocessor system, The selected frequency depends on the selected
time base position.

A SLOW CLOCK GENERATOR and a SLOW CLOCK DIVIDER generate a slow clock
signal for the slow time base settings.

The ADDRESS DECODER and the GONTROL LATCH enable the microprocessor
system to have control the over time base circuits.



The acquisition control logic (units A5 and A9)

The ACQUISITION CONTROL LOGIC controls the timing of the acquisition
section in all the different time base modes.

The circuit is operating im a different way for each of the four time-
base modes ROLL - DIRECT - P“CCD and RANDOM SAMPLING.

The ACQUISITION CONTROL LOGIC is informed about the mode by the
microprocessor system via the MODE REGISTER.

This MODE REGISTER also controls the SLOW TIME BASE LOGIC and the
SHIFT LOGIC.

The SLOW TIME BASE LOGIC generates various control signals for the
various time base settings in the ROLL and DIRECT modes.

The. SHIFE LOGIC keeps track of wether samples that are taken are still

in the P“CCD or are leaving it and informs the DPU CONTROL via the
STATUS MUX.
THE CALCULATION SECTION (units A8 and A9)

The calculation section consists of a Data Processing Unit (DPU unit
A9) which is a very fast microcomputer system with a cycle time of
125 nsec.

It takes data from the ADC, performs calculations on it and sends the
data to the TRACE DATA LATCH. All data is transported via the BUFFER.
The possible calculations are:

~ digital MIN / MAX functionm in the RCLL and the DIRECT mode

- zero channel substraction in the P2CCD mode

- averaging

interpolation in the P2CCD and the RANDOM SAMPLING mode

overflow detection

To perform the calculations the DPU has a number of caleculation
registers and functiom blocks:

-~ REGISTER I, II and III

= SHIFT REGISTER

- +/- (complement function)
- ADDER

— LIMIT DETECTION

An overflow at the ADC is detected by the OVERFLOW DETECTION circuit,
which enables the REFLECTION SUPPRESSION.

The DPU has registers in which data are stored, These are:

= PRE-TRIGGER RAM.
This is used as a shift register and contains pre~trigger data in
the DIRECT mode.
It is also used as work space for the digital MIN / MAX
calculations.

— AVERAGE RAM.
Used for average calculations.

~ FLAG RAM.
In this ram is stored wether samples are real samples or samples
obtained by interpolation. If an ovwerflow occurs, this is also
stored by means of a flag. Flags are stored by means of the FLAG
HANDLER.
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The DPU is controlled by the DPU control (unit AB). The Heart of the
DPU control is the CONTROL MEMORY. This serves as a program memory for

- the DPU. .

This memory is loaded for the variocus functioms by the microprocessor
system via the ADDRESS MULTIPLEXER and the BUFFER,

The DPU control has a PIPELINE REGISTER, which holds the current
instruction, while the next instruction is fetched from the CONTROL
MEMORY .

The instruction which is fetched depends on the address given by the
ADDRESS MULTIPLEXER.

This address depends on data given by the STATUS MULTIPLEXER, which on
its turn gets status signals from various function blocks.

The PIPELINE REGISTER is controlled by the START/STOP logic and the
CONTROL LATCH.

When a DPU program is finished, the START/STOP LOGIC informs the
microprocessor system about this via interrupt line IL$2--LT.

The INSTRUCTION REGISTER and the CONTROL REGISTER, control the
operation of the DPU control.

The ADDRESS GENERATOR generates addresses for the PRE TRIGGER RAM, the
AVERAGE RAM and the FLAG RAM.

The ADDRESS GENERATOR consists of an ADDRESS REGISTER and a PRETRIGGER
COUNTER, which can be loaded via a buffer. The MULTIPLEXER selects the
ADDRESS from the PRETRIGGER COUNTER or from the ADDER. The ADDER adds
the addresses from the ADDRESS REGISTER and the OFFSET JUMP REGISTER.
The latter enmables the DPU to make jumps in program execution.

In the DIRECT MODE, the TRIGGER ADDRESS COMPARATOR generates a signal
when all available pretrigger samples have been transported to the
TRACE MEMORY.

The ADDRESS DECODER enables the microprocessor system to have control
over the calculation section.

DISPLAY AND PLOT SECTION (units Al, A2, A3 and A4)

The display section consists of hardware to display trace data as well
as text data on the C.R.T display.

A complete display cycle for all traces and all texts to be displayed,
is realized in less than 20 ms, This results in a stable and
flicker-free display.

Trace data words from the DPU system which have to be copied to the
TRACE MEMORY in the display section are latched in the TRACE DATA
LATCH in the rhythm of the DPU clock and the display section is for
each new trace data word informed via the HANDSHAKE LOGIC (signal
sample ready) that it is available for storage in REGISTER Rf of the
TRACE MEMORY,

Addresses for the TRACE MEMORY are then generated by the COPY ADDRESS
COUNTER. This counter which is corrected to the TRACE MEMORY via
ADDRESS MULTIPLEXER Il starts each new copy cycle for a complete new
trace with the generation of address zero. It counts then by the same
rhythm as the DPU. After the storage of each trace data word in the
TRACE MEMORY, a sample ready acknowledge signal is given to the DPU
via the HANDSHAKE LOGIC.
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The save function

When a SAVE function is selected, the contents of REGISTER Rf is
copied in one or more of the REGISTERS Rl1, R2 or R3.

The trace data words are then first saved in the SAVE LATCH before
they are saved in the selected REGISTER.

The REGISTER can be addressed then by the DISPLAY ADDRESS COUNTER via
ADDRESS MULTIPLEXERS I AND II.

Trace display
X=t display mode

The trace data words to be displayed are transferred from the TRACE
MEMORY via the DISPLAY CONTROL LATCH to an INVERT stage which offers
the facility to invert the stored data before display. This facility
can be softkey selected per register.

Data passes then a VERTICAL EXPAND stage of which the expand factor is
set in combination with the gain factor of the Y AMPLIFIER later in
the signal path. In this way, the Y/5, ¥*1 and Y#5 vertical expand
modes are realized.

The resulting data is latched in a LATCH and vertical position
information, which is calculated by the microprocessor and applied via
a VERTIGCAL POSITION LATCH, can be added by a VERTICAL POSITION ADDER
stage. It is then converted from 2°s complement into straight binary
by the CODE CONVERT circuit and latched in a YDAC LATCH before the
conversion by the digital to analog comverter YDAG. The converter
output signal can then be deglitched by a SAMPLE AND HOLD circuit and
influenced by a DOT JOIN/SMOOTH circuit. It is then amplified by a

Y AMPLIFIER by a factor which depends on the selected vertical expand
factor. The signal is then applied to a Y FINAL AMPLIFIER which
directly drives the vertical deflection plates of the G.R.T.

Horizontal deflection signals are derived from the addresses for the
TRACE MEMORY, which are generated by the DISPLAY ADDRESS COUNTER.
These addresses are applied via the DISPLAY ADDRESS DATA BUFFFER to
the HORIZONTAL EXPAND I CIRCUIT.

Horizontal expand factors of *1, *2, *4 ‘and *8 can be realized. After
expansion, horizontal position information, which is calculated by the
microprocessor system and applied via a HORIZONTAL POSITION LATCH,
can be added by a HORIZONTAL POSITION ADDER stage.

An additional expand factor of *1 or *8 can be realized in the
HORIZONTAL EXPAND II circuit before the conversion by the digital to
analog converter XDAC.

The converter output signal can then be deglitched by a SAMPLE AND
HOLD circuit and influenced by a DOT JOIN/SMOOTH circuit. It is then
amplified by an X AMPLIFIER of which the gain factor depends on the
setting of the continuous X-EXPAND control on the frontpanel. This
information is applied via an X-EXPAND LATCH and an X-EXPAND DAC to
the X-AMPLIFIER.

The signal is then applied to an X FINAL AMPLIFIER which directly
drives the horizontal deflection plates of the C.R.T.
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A versus B display mode

This display mode is only selectable in dual channel mode.

The channel B TRACE MEMORY contents is applied to the vertical
deflection plates of the CRT in a way as described for the X=t
display.

For horizontal deflection the channel A TRACE MEMORY contents is used
instead of the addresses from the DISPLAY ADDRESS COUNTER. The chamnmel
A trace data is converted from 2°s complement into straight binary via
the CODE CONVERT circuit and then transferred via the AVSB DATA BUFFER
to the horizontal signal path and the horizontal deflection plates as
described before for the X=t display addresses.

Text display

The text which has to be displayed, is generated by the microprocessor
system and stored in the TEXT MEMORY.

Data is transferred from the microprocessor data bus via the DATA/TEXT
BIDIRECTIONAL LATCH to the TEXT MEMORY.

Addresses from the microprocessor address bus are applied to thé TEXT
MEMORY via ADDRESS MULTIPLEXER L.

Each dot to be displayed on the G.R.T screen is stored in the TEXT
MEMORY by a word comsisting of a vertical and a horizontal coordinate

and an intensity flag.

There are a number of different text blocks like:

Top area text (TAT)
Trace area text (TRAT)
Bottom area text (BAT)
Softkey text (sKT)
Miscellaneous text (Msc)

The vertical coordinates are applied to the vertical deflection
plates of the C.R.T. via a TEXT/TRACE BIDIRECTIONAL BUFFER and in a
way as described for the X=t display.

The horizontal coordinates are applied via the LINE TEXT DATA BUFFER
(for TAT, TRAT and BAT) or via the SOFTKEY TEXT DATA BUFFER (for SKT)
or via the AVSB DATA BUFFER (for MSC) to the horizontal signal path
and the horizontal deflection plates as described before for the X=t
display addresses.

The intensity flag is used to inform the Z-stage about normal or
intensified display.



Display control

Each display cycle, which consists of a fixed sequence of trace data
blocks followed by a fixed sequence of text blocks, is controlled by
the. microprocessor system.

The microprocessor system places via a DATA BUFFER preset and control
data into a number of OUTPUT PORTS, an Z + INTERRUPT TIMER and a
PRESET REGISTER for the DISPLAY ADDRESS COUNTER, at the start of the
display of each display data block. =~ -

At the same moment new position information is placed in the VERTICAL
POSITION LATCH and in the HORIZONTAL POSITION LATCH.

At the end of each display block an interrupt signal IL@5--LT is
generated which is applied to the microprocessor system to ask for the
actual preset and control data for the next display block.

Z-control (unit Al and A25)

The Z=-AMPLIFIER is controlled by the following circuits:

= Reflection detection circuit
- Overscan detection circuit
- Z detection circuit

Reflection detection

Reflection is caused by adding a position information to a signal
information in the vertical as well as in the horizontal signal path
which causes an overflow in the highest (non-existing) bits. Such an
overflow causes the top of the signal being displayed at the bottom of
the display like it is a reflection. In a similar way an underflow
causes a reflection in the top of the display. Both situations can
also occur in horizontal directiom. These reflection can be detected
by the REFLECTION DETECTION circuit and via the Z-DETECTION circuit
suppressed by the Z-AMPLIFIER.

Overscan detection

Signals have to be displayed within the trace area of 8x10 divisions
of the C.R.T. screen. Overscan in one of the four screen area
directions is detected by the OVERSCAN DETECTION circuit and
suppressed by the Z—AMPLIFIER.

Z-detection

Via the Z-DETECTION which is controlled by the Z-TIMER circuit the
trace will be blanked whem no traces or texts have to be displayed.
The text can also be intensified if required. The last, for example,
for active functioms,

The Z-DETECTION output signal is applied to the Z-AMPLIFIER where it
is influenced by the INTENSITY controls for the trace as well as for
the text. The resulting signal is applied via the final Z-AMPLIFIER to
the Wehnelt Cylinder of the CRT thus controlling the intemsity of the
trace on the screen. The focussing of the trace is controlled via the
FOCUS block, under the influence of a FOCUS control by a signal which
is applied to the focus grid of the CRT.
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The a.c. and d.c. components of the output blanking signal from the Z-
AMPLIFIER are guided along different paths.

The a.,c. path runs straight to the FINAL Z-AMPLIFIER via a high
voltage capacitor.

The d.c. component is modulated with 200 kHz by a MODULATOR, guided
via a high voltage capacitor to the high voltage part and demodulated
again by a DEMODULATOR. The resulting components are added and applied
to the FINAL Z-AMPLIFIER and from there to the Wehnelt cylinder of the
C.R.T.

Plot-output (unit AlL)

Once per cycle of 20 ms a value can be plotted via the ANALOG PLOT
INTERFACE. The X and Y informations are derived from the FINAL
AMPLIFIERS and the penlift control is realized via the Z~-AMPLIFIER
stage,

Option handling

For QPTION handling the TRACE MEMORY as well as the TEXT MEMORY can be
addressed via the microprocessor system address bus.

The data flows from the microprocessor system data bus to or from the
TRACE MEMORY and the TEXT MEMORY is realized via the DATA/TEXT and
TEXT/TRACE BIDIRECTIONAL latches,

Calibrator (unit Al)

A CALIBRATOR generator generates & 1 Vp-p 2 kHz calibration signal
for the user which can be used to check the calibration of the system.

FRONT. SECTION (units AL3 and Al4)

The fromt section contains a number of softswitches (the softkeys
beside the CRT inclusive) and rotary controls (optical switches) of
which the settings are read by the microprocessor system.

The softswitches. are placed in a SOFT SWITCH MATRIX which places a row
of switch settings in the FRONT SWITCH BUFFER each time that the
matrix is addressed by the microprocessor system. The complete matrix
is scanned every 40 ms.

The optical switches gemerate interrupt signals IL@3--LT for the
microprocessor system when they are operated by the user and the
microprocessor in turn addresses the circuit after which the
information (from the ROTARY ENCODER) about the direction of rotation
is placed ou the data bus for imterpretation by

the microprocessor system.

The front section also contains a number of front panel leds which are
controlled by the microprocessor system via LED DRIVERS.

The addresses which are generated by the microprocessor system, are
decoded by a number of ADDRESS DECODERS.



CONTROL SECTION (units A5 and A6)

The control section comsists mainly of a powerfull MICROPROCESSOR

"~ system configuration, with an 68000 uP, & RAM MEMORY for data and a

ROM MEMORY containing the system software. The MICROPROCESSOR is
running at a frequency of 8 MHz which is provided by a CLOCK GENERATOR
which is driven by a 16 MHz OSCILLATOR.

An ADDRESS DECODER decodes a number of addresses resulting in

& number of I/0 SELECT signals for the various units and a number of
MEMORY SELECT signals for the various memories via the T/0 and MEMORY
SELECT BUFFERS.

Interrupt signals from various units are applied to an INTERRUPT
PRIORITY LEVEL DECODER. From here the interrupt with the highest
priority is send to the MICROPROCESSOR.

A WATCHDOG circuit detects abnormal program sequences via an OUTPUT
PORT and resets the MICROPROCESSOR via the RESET/HALT block in order
to restart the program. This is done by a momostable flip flop.

A BUS ARBITER controls the system bus and can give the control
over the bus to processors which are fitted on options, if they ask
for bus control via their BUS REQUEST signals.

The battery voltage is compared with a reference voltage by a
COMPARATOR. The battery status as well as the settings of the or board
SERVICE switches are applied via an INPUT PORT to theé microprocessor
system.

A too low battery voltage results via a SUPPLY VOLTAGE SWITCH in the
saving of the memory contents.

The following functions are performed by this control section:

- Front panel settings are read and processed.

~ Front panel leds are controlled.

- Time base, trigger delay counter, events counter and acquisition

control logic circuits are set in accordance to the user selected

settings.

Digital processing circuits are provided with a separate  programm

which depends on on the selected functions.

~ The display system for trace, text and analog plot out data is
controlled.

- If an option is installed, the complete handling is controlled.
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THE ACQUISITION SYSTEM

Introduction

Below is a brief explanation of the principle of the acquisition
system,

It is assumed that:
- The oscilloscope is in recurrent mode (except roll mode)
—~ The oscilloscope is in-single channel mode
~ Average 'is off
- MIN/MAX is off
- Trigger delay by events is deselected

It is recommended- to read this section together with the sections
8.5.3, 8.8.2 and 8.26.2,

Roll mode

After a new time base setting countef 3 in the slow time base logic
(D1801 on unit A5) counts down the P“CCD length, to enable the

PCCD to be filled with good samples. Next ENSWIB goes high and the
acquigition can start.

The P°CCD takes continuously samples with a rate of 400 kHz, which
appear 256 tramsport clocks later at the output, after which they are
corrected (analog zero correction) and converted by the ADC. The DPU
takes only a sample if it comes together with a TKSA pulse. The
repetition rate of this pulse depends on the time base setting.

The samples are placed in the pretrigger ram of the DPU which contains
the data for a full trace.

These data are shifted through when a sample is taken, to obtain the
roll effect.

Each time the display section generates a SYDP, a full sweep of trace
data are transported to the display ram in one stroke, to avoid
discontinuities in the trace.

Direct mode

After a time base setting cougter 3 in the slow time base_logic (D1801
on unit A5) counts down the P“CCD length, to enable the P2CCD to

be filled with good samples. Next ENSWIB goes high and the acquisition
can start.

First the DPU loaded and started by the microprocessor. Next the DPU
generates TRRY to the A.C.L., which on its turn generates TDLD--LT to
load the trigger delay counter. Next HDOF goes low and the system
waits for the first incoming trigger pulse.

At the arrival of a trigger pulse, the trigger delay counter starts
counting down at the frequency of SYSWIB, which is determined by the
time base setting.

The trigger delay counter gemerates TDUF when it has counted down to
zero. If the trigger delay setting was zero divisions, the trigger
delay counter was preset to zero.
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TDUF causes the A.C,L. to generate DAVA 256 cragsport clocks later,
which enable the samples to shift through the P“CCD. The samples are
corrected (analog zero correction) and converted by the ADC.
When DAVA is high, the DPU takes the.samples only if they come
together with a TKSA pulse.
The repetition rate of TKSA depends on the time base setting.
The samples are stored in the pretrigger ram,
Transport of samples to the display section happens asynchronously.
As soon as a sample is ready for tramsport to the display section and
the trace data latch -is released, the sample is placed in the trace
data latch.
When ‘a complete sweep of 4096 samples is processed in this way, an
interrupt is generated to the microprocessor and the DPU stops. Next
the microprocessor restarts the DPU, which on its turn generates TRRY,
and. so on.
When pretrigger is selected, TRRY is delayed which enables the DPU to
take samples to get the desired pretrigger samples, which are stored
in the pretrigger ram. After a trigger and DAVA as many samples are
taken,that together with the available pretrigger samples, a full
sweep of 4096 samples is made.
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Figure 6.3 Basical timing diagram - Direct mode.

p2GCD mode

In this mode the time conversion prigciple is used.

After a new time base setting, the P“CCD starts taking samples, with
a rate that is determined by the sample clock. The frequency of the
latter depends on the time base setting, but is much higher than in
the direct mode.

TBe DPU is loaded and started by the microprocessor. Meanwhile the
P“CCD is already filled with samples.

Next the DPU generates TRRY to the A.CG.L., which on its turn generates
TDLD--LT to load the trigger delay counter. Next HDOF goes low and the
trigger delay counter waits for the first incoming trigger pulse.



The P?CCD contains all pretrigger samples. At the arrival of a

trigger pulse, the trigger delay counter starts counting down at the
frequency of the sample clock, which is-equal to the frequency of the
transport clock. The trigger delay counter generates TDUF when it has
counted down to zero. If the trigger delay setting was zero divisions,
the trigger delay counter was preset to 512, which is equal to the
PSCCD length. In case of a pretrigger selection of 10 divisions, the
trigger delay counter is preset to zero.

As TDUF is generated, the P“CCD contains all samples for the

complete sweep, so the taking of samples is stopped. TDUF also causes
the OCD logic to change the transport clock frequency to 100 kHz and
to make CDRD high.

Also DAVA goes high and the DPU takes all uncorrected and converted
samples from the ADC and places them in the pretrigger ram,

When this is done, the A.C.L. generates RSSW and ZECH. The PZCCD
reads zero voltage samples with the fast sampling clock, determined by
the time base setting. This is dane during a time whi&h is long enough
to be sure that in the slowest P“CCD mode the whole P°CCD is

filled with zero voltage samples. This is timed by the A.C.L.

After this time the A.C.L. genmerates RSSW, which causes the CCD logic
to make CDRD high, Now 512 zero voltage samples are taken by the DPU
and substracted from the corresponding samples in the pretrigger ram
(digital leakage correction). Next the DPU calculates all interpolated
samples. When the whole sweep is ready, the trace data are. transported
in one stroke to the display section, thereby ignoring the SYDP signal
At last an interrupt is generated to the microprocessor and the DPU
stops. Next the microprocessor restarts the DPU; which on its turm
generates TRRY and so0 on.
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Random sampling mode

The random sampling mode operates roughly in the same way as the
P“CCD mode.

The main differences are:

- The sampling frequency is independent of the time base setting
(50 MHz).

- The number of samples that is read in every stroke depends on
the time base setting.

- The trigger delay counter is preset in such a way that the
samples %sed at every read out stroke are almost at the output
of the P“CCD as TDUF is generated.

The time that passes by to let the samples shift to the output is used
to inform the DPU about the result of the delta-t measurement (the
time difference between the trigger pulse and the first sample
pulse). The DPU uses this to place the samples in the correct
locations in the pretrigger ram.

When the zero voltage samples are processed, a new sweep of samples
with probably a different delta-t result is done and so om,

Once in every display cycle (20 ms) SYDP goes high,

Then the DPU calculates interpolated samples and tramsports the trace
data, which is possibly not a complete sweep, in ome stroke to the
display section.

In this way as many as possible sweeps can be done, for the fastest
time base setting only 2 or 3 samples are taken every sweep.

When a transport of trace data to the display section is finished, an
interrupt is generated to the microprocessor and the DPU stops. As in
the other modes, the microprocessor restarts the DPU to start the

whole cycle again.

Miscellaneous

- The special modes are combinations of the direct mode and the
P7CCD mode,

- Maximm resolution mode is a combination of P2CCD mode and random

sampling mode.

In single scan mode the microprocessor checks the sample flags in

the display ram to determine if a scan is complete.

In dual channel mode, the signal CHPT (chamnel pointer) informs the

DPU from which chamnel the samples are.

- In MIN/MAX mode the signal MMPT informs the DPU if the samples come
from the min or from the max peak detectiom.

- The average function is completely performed in the DPU.

'
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INTRODUCTION TO CIRCUIT DESCRIPTIONS

GENERAL

The functioning of the circuits is explained in chapter 8.0 "CIRCUIT
DESCRIPTION" per unit in the sequence of the unit numbers (A ..).
Every unit section contains the circuit description, the lay-out of

the p.c.b., the circuit diagram(s) and a signal-name list, indicating
the signal sources and sigmal flow.

EXPLANATION OF SIGNAL NAME SET UP

Signal names
Signal names consists of 2 parts:

- a functional part of maximal 6 characters
- a realisation part of 2 characters

123 ta]s|e|7]8]

———————— > realisation part
———————————————————————— > functional part
The realisation part is optional. If it i$é used then the functional
parts consists of 6 characters. If necessary dummy’s (minus signs) are

used in the functional part, to make it 6 characters long.

The first character of the realisation part has the following meaning:

H: active high signal
L: active low signal
X: irrelevant (e.g. counter outputs)

The second character of the realisation part is used to identify
signal levels:

A: analogue

C: CMOS 12V or 15V
D: CMOS 5V

E: ECL -4,5V or -5,2V
T: TTL 5V or HCT

Example:

TIL signal

low active
dummy”s
Interrupt Level 7




7.2.2

Sometimes the functional part cam also be used for a serial number
e.g. to indicate a buffered version of a signal. .

Example: CHPT-~§i

Signal name list

Each unit description in chapter 8.0 "CIRCUIT DESCRIPTIONS" contains a
list with the signal names used in that unit given in alphabetical
order.

Behind each name, a description is given and is mentioned onr which
unit the signal is generated.

only if the signal is generated on the unit itself, the other units
on which the signal is used (signal destination(s)) are mentioned,
otherwise a minus sign is filled in.

If the signal flows over more units in sequence, the path is
indicated.

Example: The battery voltage (BAVO) comes from unit A66 via A20, Al%
and AlZ to A6. On unit A66 is indicated: A20~A19-Al2-46,

Some signals may have more signal sources, because the sources have
open collector output circuits, or 3~state output circuits,

In this case the sources are mentioned, separated with a plus (+)
sign.

As signal source is always indicated, the unit where the signal is
generated.

Example: Onm units 420, Al9, Al2 and A6, unit A66 is indicated as
source.

A numbex of power supply lines and ground lines, which are generated
on POWER 1 unit Al9, are not mentioned on the signal name lists
because they appear in almost every umit.

These signal names can be found on the sipgnal name list of POWER 1
unit Al9 itself, and are in the destination column indicated with
"general”.

Power supply limes, which are derived from the power supply lines
mentioned above, are also not mentioned in the list,

The destinations of the data-bus and address-bus lines from the
microprocessor system on MICROPROCESSOR unit A6 are also indicated
with "general", because almost all units are involved. This is also
done for the signals UPRD--LT (microprocessor read) and UPWT--LT
(microprocessox write).



LOCATION OF ELECTRICAL PARTS

The itemnumbers of the electrical parts C..., R..., V..., N..., D...
and K... have been divided into groups which relate to the umit,
according to the following table:

UNIT REF.NR. SECTION
Al FINAL AMPLIFIER 2500-2800 8.1
A2 DISPLAY DAC 2300-2500 8.2
A3 DISPLAY CONTROL 2100~-2300 8.3
A4 DISPLAY MEMORY 2000~2100 8.4
A5 MRAM + ACL 1800-2000 8.5
A6 uP BOARD 1700~1800 8.6
A7 OPTION 1 (IEEE-488/RS232-C) 1600-1700 8.7
A8 DPU CONTROL 1400-1600 8.8
A9 DPU 1200-1400 8.9
AID  OPTION 2 800-1200 8.10
All  ADC + T&H 600- 800 8.11
Al2  MOTHER BOARD 580- 600 8.12
Al3 - FRONT 1 4200-4400 8.13
A4 FRONT 2 4000-4200 8.14
Al5  Z-AMPLIFIER 2800-2900 8.15
Al6  CRT CONTROL 3000-3050 8,16
Al7  SOFTKEY UNIT 3050-3080 8.17
Al8  SMOOTH + DOTS 3080-3100 8.1
Al9  POWER 1 4400-4500 8.19
A20  POWER 2 4600-4700 8.20
A25  MANAGEMENT UNIT 400- 580 8.25
A26  CCD LOGIC 6000-6800 8.26
A27  HF-UNIT OF ATTENUATOR A 6800-6900 8,27
A28  LF-UNIT OF ATTENUATOR A 6900-7000 8.28
A29  HF-UNIT OF ATTENUATOR B (as A) 8.29
A30  LF-UNIT OF ATTENUATOR B (as A) 8.30
A3l  EXTERNAL TRIGGER UNIT : 4700-4900 8.31
A32  VERTICAL SIGNAL UNIT 7000-7500/5000-5500 8.32
A33  P2GCD UNIT 7500~8500 8.33
A34  CLOCK UNIT 8500-9000 8.34
A35  ATTENUATOR ADAPTION UNIT 7450-7460 8.35
A38  MINI TRIGGER SELECT A 5300-5320 8.32
A39  MINI TRIGGER SELECT B (as A) 5300-5320 8.32
A40  MINT TRIGGER FILTER 7200-7250 8.32
A4l MINI TRIGCER AMPLIFIER 7250~7350 8.32
A42  MINI TRIGGER LOGIC 7350-7400 8.32
A43  MINI EVENTS AMPLIFTER 7400-7450 8.32
A44  MINI VERTICAL AMPL. PROC. UNIT 5400-5500 8.32
A46  MINI CCD UNIT A 8000~8100 8.33
A47  MINT CCD UNIT B . 8200-8300 8.33
A48  MINI FREQUENCY DOUBLER §700~8750 8.34
A49  MINI CCD LOGIC 6400-6550 8.26

A66  REAR MODULE - 8.66
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POWER SUPPLY SECTION (units Al9 and A20)

The mains voltage is applied via a MAINS SWITCH + FUSE to a MAINS
FILTER and to a full-wave RECTIFIER. The rectified voltage is doubled,
by means of a VOLTAGE DOUBLER, if the mains voltage is below 140V.
This voltage is applied to a TRANSFORMER via a FLYBACK CONVERTER.

The secondary voltages are rectified by RECTIFIERS and smoothed to
supply voltages for the various circuits in the instrument. These
voltages are regulated by a feedback to the CONTROL + PROTECTION
CIRCUIT. This circuit gives protection against over-temperature and
against over- or under-voltage,

For the +5 V a separate +5 V STABILIZER is fitted.

The voltages for the CRT filament and the CRT cathode are
generated by an EHT converter. The cathode voltage is also
multiplied in the EHT CONVERTER resulting in a high tension for the
acceleration grid of the CRT.

The line trigger signal is taken from the MAINS FILTER + RECTIFIER and
fed via separation capacitors via the LINE TRIGGER CIRCUIT to the
trigger circuitry on a safe level.

A REFERENCE VOLTAGE SOURCE circuit provides a reference voltage for
internal use.

This section also contains a POWER DOWN/UP DETECTION circuit for the
microprocessor. Via interrupt signal IL§7--LT the microprocessor is
informed about the status of the power supply.

The fan is controlled via the FAN CONTROL circuit, depending on the n
temperature of the oscilloscope.
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CIRCUIT DESCRIPTIONS

The functioning of the circuit is explained in this chapter. It is
done per unit and in unitnumber (A..) sequence.

Every unit section contains a circuit description, the lay-out of the
p.c.b., the circuit diagram(s) and a signal-name list.

See also chapter 7.0 "INTRODUCTION TO CIRCUIT DESCRIPTIONS".



UNIT Al - FINAL AMPLIFIER UNIT

To VIEW Wariess

CONTENTS
8.1.1 General information,............. Cerreereassanaans e 8.1-1
8.1.2 Vertical final amplifier 8.1-2
8.1.3 Horizontal final amplifier. 8.1-3
8.1.4 Trace/Text intensity. 8.1-3
8.1.5 Overscan detection... 8.1-4
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8.1.7 Calibrator......oeouuuen 8.1-6
8.1.8 Plot interface....... 8.1-6
8.1.9 Signal-name list...... 8.1-7
8.1.1 General information

This unit basically comprises the vertical and horizontal final

amplifiers, the overscan detection circuit, the Z-amplifier, the

calibrator circuit and the analog plot interface.
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Vertical final amplifier
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Figure 8.1.1 Blockdiagram Y-final amplifier.

The output signals YIIN and Y2IN from the DISPLAY DAC UNIT A2 are

applied to a voltage/current converter of which the x1,25 (Y*5-mode)

gain can be adjusted by potentiometer R2531 in the emitter circuit of

the input tramsistor of D2507.

Furthérmore, the gain can be influenced for the Y*l and the Y/5 mode.
3 r D2501 ¢ ed by the signals

ANEPY-HT (analog expand) and ANCPY-HT (analog compress) from DISPLAY

CONTROL UNIT A3.

The switching is donme according the following table:

MODE ANCPY-HT ANEPY-HT analog digital
expand factor expand factor
(UNIT AL) (UNIT A2)

Y/5 1 [/ x0,8 /4

Y*1 [} 9 x1 x1

Y*5 [} 1 x1,25 x4

An additional circuit cam be switched in for the xI gain (adjustable
with potentiometer R2513) and and additional circuit can be switched
in for the x0,8 gain (adjustable with potentiometer R2516).

The selection depends on the user selection of the Y*5, Y¥1 or the
Y/5 mode,

Output points 12/13 and 14/15 of the MULTIPLIER D2506 are applied to
current/voltage converters in the Y-OUTPUT stage of which the balance
can be adjusted by pet:

The average value of the signals Yl and Y2 is fed back to the input of
the X-OUTPUT stage to keep the average value constant.

The signals X1 and X2 are applied to the vertical deflection plates of
the C.R.T., to the OVERSCAN DETECTION circuit on unit Al and also to
the PLOT INTERFACE on this unit Al.
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8.1.3

Horizontal final amplifier
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Figure 8.1.2 Blockdiagram X-final amplifier.

The output signals XIIN and X2IN from the DISPLAY DAC UNIT A2 are
applied to a voltage/current converter of which the x1 gain can be
adjusted by potentiometer R2566 in the emitter circuit of the input
transistors of D2507.

urthermore, the gain can be influenced by signals VREPX! and VREPXZ
which carry a variable X-EXPAND factor between x1/2 (EXPAND x1) and
x1 (EXPAND x2). This factor, which is user selected, is multiplied in
the stage D2507 to vary the X-gain.

Output points 12/13 and 14/15 of the MULTIPLIER D2507 are applied to
current/voltage converters in the X—OUTPUT stage of which the balance
can be adjusted by potentiometer R2571,

The average value of the signals Xl and X2 is fed back to the input of
the X-OUTPUT stage to keep the average value constant.

The signals X1 and X2 are applied to the horizontal deflection plates
of the G.R.T., to the OVERSCAN DETECTION circuit on unit Al and also
to the PLOT INTERFACE on this unit Al.

Trace/Text intensity

The levels ITTR from the TRACE INTENS frontpanel control and ITTX from
the TEXT INTENS frontpanel control on C.R.T, CONTROL UNIT Al6, are
applied to one section of multiplexer D2501. This section, which is
switched by the signal DPTR--HT (display trace), switches the trace
intensity level to the Z-amplifier when traces have to be displayed
and the text intensity level when texts. have to be displayed.



Overscan detection

The output signals Y1, Y2, X1 and X2 from the vertical and horizontal

* final amplifiers are applied to an overscan detection circuit where

they are compared with four overscan levels for the top, bottom, left
and right sides of the trace area on the C.R.T. screen.
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Figure 8.1.3 Overscan detection.

These levels can be adjusted by potentiometers R2658, R2659, R2678 and
R2682 in such a way that during the display of traces, the traces can
never be displayed outside the trace area on the C.R.T. screen.

In case of overscan a blanking signal is produced by the collector of
transistor V2623 and this signal is applied to the Z-amplifier to
blank the trace.

The overscan detection circuit can be disabled during text display and
enabled during trace display by the signal DI0OS--HT (disable
overscan) via tramsistor V2611,
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Figure 8.1.4 Blockdiagram Z-circuit,
INTENS

The Z-circuit is controlled by a number of different inputs:

=~ Overscan

— Z~-blank signal

— TRACE or TEXT intensity control level
— FOCUS control level

The signals are applied to a Z-amplifier and the output of this
amplifier is guided along two different signal path’s. A high
frequency component signal path (signal ITAC) and a low frequency
component signal path (signal ITDC).

Signal ITAC is directly applied to Z-AMPLIFIER UNIT Al5 and from
there via a high voltage capacitor to the high voltage part of the
circuit and to the intensity grid Gl of the C.R.T..

The low frequency component is applied to a modulation circuit, it can
be influenced by a fine adjusting potentiometer R2637 and afterwards
modulated with a frequency of 200 kHz from signal Z-MO--XT from the
clock generator on the uP unit A6,

The resulting signal ITDC is applied to Z-AMPLIFIER unit Al5 and via 2z~
circuit transferred via a high voltage capacitor to the high voltage
part of the circuit. It is then demodulated, combined with the high
frequency component and applied to the intensity grid Gl of the
C.R.T..

FOCUS

The FOCUS circuit is influenced by the setting of the front panel
FOCUS controls as well as the setting of the TRACE and TEXT intensity
controls. The last is needed for the auto focus control when the
intensity is changed with onme of the frontpanel TRACE or TEXT
intensity controls. There is also 2 fine adjustment potentiometer
R2609.

The resulting signal FC is applied to the focus circuit on Z—AMPLIFIER
UNIT Al5 and from there to the focus grid G3 of the C.R.T



8.1-6

Calibrator

The calibrator circuit is fed by signal Z-MO--XT of 200 kHz which is
derived from the CLOCK GENERATOR circuit on the uP UNIT A6. This
signal is divided by a factor of 100 by the dividers D2502 into a 2
kHz frequency. It is then applied to a CAL output socket via a stage
where the amplitude can be adjusted via R2703. The output signal is a
2 kHz -~1Vpp signal (50 Ohm).

Plot interface

The output signals Y1, Y2, X! and X2 from the vertical and horizontal
final amplifiers are applied to a plot interface where they are
prepared to be plotted via the rear pamel analog plot output socket,

The X-output gain can be adjusted with potentiometer R2728 and the Y-
output gain with potentiometer R2738.

Sample and hold signal SAPL activates the interface for a plot action.
Signals are ounly applied to the output socket when enabled by signal
PLZEOT if a value is stored in the sample and hold circuit.

A pen lift circuit is activated via the PLIN signal (when an overscan
is detected). The penlift flip flop can be resetted by the PEN UP
signal PU--—-LT.

The pen lift polarity can be influenced by signal PFPY via exclusive
or circuit D2504.



Signal-name list

UNIT Al

Signal name Description Signal Signal
source destination(s)

ANCPY-HT Analog compress Y A3 -

ANEPY-HT Analog expand Y A3 -

DIOS--HT Disable overscan A3 -

DPTR--HT Display trace A3 -

FC Focus Al Al5

FCIN Focus input Al6 -

ITAC Intens a.c. component Al Al5

ITDC Intens d.c. component Al AlS5

ITTR Intensity trace Al6 -

ITTX Intensity text Al6 -

PENLIFT Penlift Al Plot output

PLIN Plot input Al Al

PFPY Penlift polarity A3 -

PLZEOT Plot zero output A3 -

PU----LT Pen-up A3 -

SAPL Sample plot A3 -

X1 X1 input for C.R.T. Al Al5-C.R.T.

X2 X2 input for C.R.T. Al Al5-C.R.T.

XYIN X1 input final amplifier A2 -

X2IN X2 input final amlpifier A2 -

XPL X plot Al Plot output

Y1 Y1 input for C.R.T. Al Al5-C.R.T.

Y2 Y2 input for C.R.T. Al Al5-C.R.T.

Y1IN Y1l input final amplifier A2 -

Y2IN Y2 input final amplifier A2 -

YPL Y plot Al Plot output

VREPX1...X2 Variable expand X A2 -

Z-BL--HT Z-blanking A3 -

~MO--XT Z-modulation (200 kHz) A6 -
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| UNIT A2 - DISPLAY DAC UNIT

‘ CONTENTS

8.2.1 General information
8.2.2 Vertical data path.....

’ 8.2.3 Horizontal data path.
8.2.4 X-Variable data path.
8.2.5 Signal-name list

‘ 8.2.1 General information

a

w7

2

WRUT

e

5] o,

o viEW Tariay

This unit basically comprises the vertical and horizontal position

adders and the vertical and horizontal digital to analog converters.

! 8.2.2 Vertical data path

1 The vertical trac

e
the ten output lines DCDBﬂﬂ

latch is applied to a combined invert/vertical- expand/latch circuit,
| This circuit comsists of the two (not idemtical) field programmable
| logic sequencers (FPLS) D2301 and D2302 and the D-type flip flops

! D2309.

The control signal IVDCDB determines whether the data bits have to be
‘ inverted or mot and the two control signals EPY-$@ and EPY-§1
detetmine the vertical expand factor of the circuit.

- Vertical Control signals Digital Analog
I expand expand expand
' factor FPY-91 | BPY-00 factor factor
(NIt A2) | (UNIT Al)
‘ ¥/5 (trace) 0 0 /4 /1,25
Y*1 (trace + MSC text) 1] 1 x1 x1
] line + softkey text 1 0 x4 x1
Y*5 (trace) 1 1 x4 x1,25

[ The combination of the digital expand factor on the display dac unit
A2 and the analog expand factor on the final amplifier unit Al results
in the total required expand factor.

| Digital expand is realized by the shifting of the bit pattern two bits

I to the right (/4) or two bits to the left (x4).
The resulting vertical data is then latched in the output latches of

l the FPLS circuits and in the four D-type flip flops by signal CKEPVE.
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The data can be divided into five different kinds of data.

1)

2)

3)

Trace data for X=t display:

Data format:

DCDB 151413121110 9 8 7 6 5 4 3 2 1 0

. REAL OF DS D8 D7 D6 D5 D4 B3 D2 DIl Dﬂ.

10-bit trace data
QOverflow flag
Real sample flag
Not used

The trace data can be inverted, expanded by factors /5, xl or x5
before it is applied as EPVEQ@,...EPVEl]l to the vertical
position adder.

Trace data for AVSB display:

Data has the same format as for X=t display which is described
before. However, only channel B is latched and applied to the
vertical position adder.

Line text display: Top area text (TAT)

Trace area text {TRAT)
Bottom area text (BAT)

Data format:

DCDB 151413121110 9 8 7 6 5 4 3 2 1 0
INT X8 X7 X6 X5 X4 X3 X2 ¥l Xf Y5 Y4 Y3 ¥2 Y1 Y@

I—Y—coordinate (6-bits)
X-coordinate (9-bits)

Intensity bit

Only 10 bits DCDBAP...DCDBPY of this bit pattern are applied

to the circuit and only the Y-coordinate bits Y#...Y5 are of
interest,

The data is not inverted but expanded by a factor of x4 by shifting
the pattern two bits to the left and switching the lowest two bits
to zero. Signal ENTXINLT is active and the output bits
EPVE@8...EPVELl of D2309 are switched to one.

The final bit pattern is:

EPVE 1110 9 8 7 6 5 4 3 2 1 0
1 1 1 1Y5Y4Y3Y2YLYs 6 ¢

This pattern is applied to the vertical position adder.



4)

5)

Softkey text display (SKT):

Data format:

DCDB 151413121110 9 8 7 6 5 & 3 2 1 0
INT X5 X4 X3 X2 X1 X Y8 Y7 Y6 ¥5 Y& Y3 Y2 Yl ¥§

Y-coordinate (9-bits)
X-coordinate (6-bits)
Intensity bit

Only 10 bits DCDB@B...DCDBF9 of this bit pattern are applied

to the circuit and only the nine Y-coordinate bits Y§...Y¥8 are of
interest.

The data is not inverted but expanded by a factor of *4 by shifting
the pattern two bits to the left and switching the lowest two bits
to zero.

The final bit pattern is:

EPVE 1110 9 8 7 6 5 4 3 2 1 0
P Y8 Y7 Y6 Y5 Y4 Y3 Y2 YL YD § @

This pattern is applied to the vertical position adder.

Miscellaneous text (MCS):

Data format Y-coordinates:

DCDE 151413121110 9 8 7 6 5 4 3 2 1 O

INT ;Y9 ¥8 Y7 Y6 Y5 Y4 ¥3 Y2 YI Y8

Y-coordinate (10-bit)
Not used
Intensity bit

For miscellaneous text, two words, one carrying the Y-coordimate
and the other one carrying the X-coordinate, are placed in the text
memory for each dot to be displayed.

Only the 10 bits DCDBP@...DCDBSY of the Y-coordinate pattern

are applied to the circuit.

The data is not inverted and not expanded.

The final bit pattern is:

EPVE 1110 9 8 7 6 5 4 3 2 1 ©
¢ 9 Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 Y1 Y4

This pattern is applied to the vertical position adder.

The output signal Z-OTBILT of the first FPLS circait D2301 is
applied to the second one and the output signal Z-O0T@$2LT of the
second FPLS circuit D2302 is applied to a reflection detection
eircuit,



The vertical position adder is a sixteen bit circuit which consists of
D2319, 2321, D2324 and D2326. A sixteen bit vertical positiom
information is latched in the vertical position latches D2314 and
D2316 by signal WRVEPOLT and applied to the other adder input side.
This vertical position information is calculated by the microprocessor
and depends on the selected vertical expand factor, the use of the Y-
POSITION control and the type of trace or text which has to be
displayed.

The adder output bits VEDB@9...VEDBII are carrying information about
reflection and are applied to a Z-detectionm circuit om unit A3. The
following combinations result in light om the C.R.T. screen.

VEDB 11 19 09 #8
0 o 0 1
1 1 1 0

All other combinations result in NO light on the C.R.T. screen,
This has no function for text display.

The other ten adder output bits VEDB@f...VEDBPY9 which carry
information in two-complement notation, are first converted by the
code convert circuit D2338 into straight binmary notation by inverting
the highest bit VEDBP9. These converted ten bits are then latched

for a time of 750 ns (time between two dots) in a YDAC latch
comsisting of D2329 and D2331. This is done by the signal LEDA-1HT. It
is t applied to the 10-bits vertical digital-to-analog converter
YDAC N2301 which has two symmetrical output current lines.

A constant reference voltage +10VREF from differential amplifier
N2304 is applied to the YDAG.

The symmetrical output currents of the YDAC are converted into
voltage levels by a Hooper stage with low input impedance and low
output impedance. This Hoopexr stage is formed by the transistors V2301
and V2302, The signals are fed then to sample and hold circuits with
switches D2341, capacitors C2366 and €2367 and field effect
transistors V2303 and V2303 for the deglitching of the YDAC output
signals. This is necessary for dot-join display because the trace is
constantly unblanked then.

A lofig a§ the "YDAC outputs aFe hot stable, "thé switches D2341

are opened by the signal LEDA-1LT and the previous levels are

held (for about 125 ns) over the capacitors (2366 and €2367 and at the
inputs of the FET transistors V2303 and V2303. After 125 ns the YDAC
outputs are stable and the switches are closed, The capacitors can
then be charged to the new YDAC output levels. In this way, the YDAC
output glitches are suppressed.

For display of only diserete dots, the S$/H output signals are applied
via an output buffer of two emitter followers V2304 and V2307 with
high input impedance and low output impedance as Y1IN and Y2IN to the
inputs of the vertical final amplifier stage on unit Al,

For dot-join display an RC-filter with an RC-time of 750 ns (1 dot
cycle) can be switched in,

With signal DJAC--HT active, capacitor €2369 will be

switched in via switch D2342. In this case only the real samples
(512) will be connected with each other with lines between the dots,
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For smooth display not only the dot~join filter is switched in, but
also the smooth filter which gives a total RC~time of 7,5 us (10 dot
cycles).

* This second RC-filter is switched in when signal SM———-LT is

activated. Capacitor 02372 is switched in via switch D234l
and lines are displayed over ten dots.
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Fig. 8.2.3 Smooth cycle
Horizontal data path

Horizontal data on the expand data bus lines EPDB@@...EPDBlll can

be divided into five kinds of data.

1) Address data for X=t display:

Data format:

DPAB 1110 9 8 7 6 5 4 2 1 0

A ‘1110987654 210.
‘—lz-bit address data from

the display address
counter on unit A3,

3
3

The state of the display address counter is used for horizontal
deflection during mormal X=t display.

This data is applied to the expand data bus lines
EPDB@P. . .EPDBLL via the display address data buffer, which
consists of D2121 on unit A3 and a part of D2122 on unit A3, when
signal HOMO is active.



2)

3)

Trace data for AVSB display:

DCDB 151413121110 9 8 7 6 5 4 3 2 1 0
RIEAL OF D9 D8 D7 D6 D5 D4 D3 D2 DL D@
)

10-bit trace data
Overflow flag
Real sample flag
Not used

Vertical trace data bits DCDBSP...DCDBBY of chanmel A for X-
deflection in A versus B mode is applied to the expand data bus
lines EPDB@@...EPDB1l via the AVSB trace data buffer, which
consists of D2303 and a part of D2304. This buffer is active when
signal ENTRHOLT is activated.

The highest bit is inverted by the code comvert circuit D2337 to
convert the trace data from two-complement notation to straight
binary notation. (For chanmel B this is done in the vertical
channel path).

Via the AVSB trace data buffer the data is multiplied by a factor
of four to adapt it to the higher horizontal resolutionm.

The final bit pattern is:
EPVE 1110 9 8 7 6 5 4 3 2 1 ¢
D9 D8 D7 D6 D5 D4 D3 D2 DI DF @ ©

This pattern is applied to the horizontal expand I circuit.

Line text display: Top area text (TAT)
Trace area text (TRAT)

Bottom area text (BAT)

Data format:

DCDB 1514137121110 9 8 7 6 5 4 3 2 1 §
INT X8 X7 X6 X5 X4 X3 X2 X1 X ¥5 Y4 Y3 Y2 ¥1 ¥§,

LY—coordinate (6-bits)
X-coordinate (9-bits)

Intensity bit

Only the 9 X-coordinate bits DCDB#6...DCDBl4 or X@...X8 are of
interest. These bits are applied to the expand data bus lines via
the line text data buffer which consists of a part of D2304 onm unit
A2 and D2124 on unit A3, This buffer is active when signal ENTXLNLT
is active. The data is via this line text data buffer expanded to
twelve bits of which the lowest three bits are made zero.

The final bit pattern is:
EPDB 1116 9 8 7 6 5 4 3 2 1 ¢
X8 X7 X6 X5 X4 X3 X2 X1 %0 4 @ ¢

This pattern is applied to the horizontal expand I circuit.

In line text display mode, the X-variablé-is automatically set by
the microprocessor to *1,5.

This results in 512 horizontal text dot positioms over 15
divisions, so with a dot distance of 0,293 mm.



&)

5)

Softkey text display (SKT):

Data format:

DCDB 151413121110 9 8 7 6 5 4 3 2 1 ¢
INT X5 X4 X3 X2 X1 X§, ¥8 Y7 Y6 Y5 ¥4 ¥3 Y2 Y1 ¥p

L

Y-coordinate (9-bits)
X-coordinate (6-bits)
Intensity flag

Only the six X-coordinate bits DCDB@9...DCDBl4 or Xf...X5 are

of interest, These bits are applied to the eXxpand data bus lines
via the softkey text data buffer which consists of D2133 on unit A3
and a part of D2122 on unit A3. This buffer is active when signal
ENTXSKLT is active. The data is converted to twelve bits via this
buffer. The highest three as well as the lowest three bits are made
zero.

The final bit pattern is:

EPVE 1110 9 8 7 6 5 4 3 2 1 §
$ 0 PX5XX3X2X X6 9 ¢ 9
In softkey text display-mode the X-variable is automatically set to
*1,5 by the microprocessor.
This results in 512 horizontal text dot positions over 15

divisions, so with a dot distance of 0,293 mm,

Miscellaneous text (MSC):

Data format X-coordinates:

DCDB 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ¢

. ;X9 X8 X7 X6 X5 X4 X3 X2 X1 X,

L- X-coordinate (10-bits)
Not used

For miscellaneous text, two words, one carrying the Y~coordinate
and the other one carrying the X-coordinate, are placed in the text
memory for each dot to be displayed.

Only the 10 bits DCDBAS...DCDBPY of the X-coordinate pattern

are applied to the circuit, The data is not expanded and the X-
variable is set to *1.

The final bit pattern is:

EPVE 1110 9 8 7 6 5 4 3 2 1 ¢
X9 X8 X7 X6 X5 X4 X3 X2 X1 Xp ¢ ¢

The pattern is applied to the horizontal expand I circuit.
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The expand databus is connmected to the horizontal expand I circuit
consisting of a number of multiplexers. The first group D2305, D2307
and D2308 is able to shift the input bit pattern one bit to the left
or mot. This means that an expand factor *1 is selected if signal
EXP-@8 is "@" and that an expand factor of ¥2 is selected if

signal EXP-f@ is "1". The second group D2311, D2312 and D2313 is
able to shift its imput bit pattern two bits to the left or not.

This means that an expand factor *1 is selected if signal EXP-§1 is
"@" and that an expand factor of *4 is selected if signal EXP-§1

is M.,

The combination of these two groups results in a circuit of which the
expand factor can be switched to *1, *2, *4 or *8 depending om the
signals EXP-@@ and EXP-#1.

The twelve lines EPHOB®...EPHO!l of the expand horizontal data bus
are applied to one input side of a sixteen bit horizontal adder
circuit which consists of D2322, D2323, D2327 and D2328.

A sixteen bit horizontal position information is latched in the
horizontal position latches D2317 and D2318 by signal WRHOPOLT and
applied to the other adder input side.

This horizontal position information is calculated by the
microprocessor and depends on the selected horizontal expand factor,
the use of the X-POSITION control and the type of trace or text which
has to be displayed.

The signals HODB13, HODBL4 and HODBLS are applied to a reflection
detection circuit.

The adder output bits HODB@...HODB1Z are applied to a horizomtal
expand II circuit which consists of the multiplexers D2333, D2334 and
D2336. This circuit can be switched for and expand factor *1; when
signal EPX-$2 is "$" and to a factor *8, when signal EPX-§2 is

e

*1 The address range is shifted three bits to the left resulting in
512 horizontal display positions over ten divisions

*8 Only the lowest 10 bits of the address range is used resulting in
an horizontal expand factor of *8,

Data is latched in the multiplexers by signal LEDA~~LT and DPRJ.

Ten bits of the horizontal expand II circuit output data are applied
to the 10-bits horizontal digital to analog converter XDAC (N2303)
which has two symmectrical output current lines. A constant reference
voltage +10VREF from differential amplifier N2304 is applied to the
XDAC, The symmetrical output currents of the XDAC are furthermore
handled like already described under 8.2.2. for the vertical data
path. Afterwards they are applied as XIIN and X2IN to the inputs of
the horizontal final amplifier stage on unit Al.
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X-variable data path

X-variable data which depends on the use of the X-~EXPAND rotary
controls, is calculated by the microprocessor and placed on the data
bus lines DB@S.,.DB15. It is then latched in the X-variable latch
D2332 when signal WRHOVRLT is active.
it is then applied to an 8-bit X-variable digital to amalog converter
N2302. A constant reference voltage +lOVREF from differential
amplifier N2304 is applied to the DAC. The symmetrical output current
lines VREPX! and VREPX2 are applied to the horizontal final amplifier

stage on unit Al.

Signal-name list

UNIT A2
Signal-name Description Signal Signal
source destination(s)

CKEPVE Clock expand vertical A3 -
DB@g.. .15 Data bus #6...15 A6 -
DCDBBY. . . §9 Display control data

bus #9...89 Ab -
DIOS--HT Disable overscan A3 -
DJAC--HT Dot join active A3 -
DPRJUP Display reject up A3 -
DPRIDY Display down 43 -
DPRIDWAL Display reject down A2 a2
ENTRHOLT Enable trace horizontal A3 -
ENTXLNLT Enable text line A3 -
EPDBPG...11 Expanded data

bus #f...11 A2,A3 A2
EPHOGS...13 Expanded horizontal

bus #§...13 A2 A2
EPHOL4 Expanded horizontal

bus 14 A3 -
EPVE@S. . .11 Expanded vertical

bus #f...11 A2 A2
EPVE@SLT Expanded vertical

bus #8 42 A2
EPVE@ILT Expanded vertical

bus #9 A2 A2
EPX-0.. .02 Expand X #¢ A3 -
EPY-§§...01 Expand Y §¢...51 A3 -
EP12~--LT Expand 12 A3 -
IVDCDB Invert display control A3 -

address bus
LEDA~-LT Latch enable DAC A3 -
LEDA-1LT Latch enable DAC A2 A2
LEDA--HT Latch enable DAC A3 -
LEDA-1HT Latch enable DAC A2 A2
HODB@B. ..15 Horizontal data

bus #4...15 A2 A2
HOPO@#. . .15 Horizontal position

bus §#...15 A2 A2
SM—---LT Smooth A3 -
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Signal-name Description Signal Signal
source destination(s)

VEDBA@. . .12 Vertical data

bus #6...12 A2 A2
VEDBAILT Vertical data bus §9 A2 A2
VEDB@9...12 Vertical data

bus £9...12 A2 A12-A3
VEPOBS. ..15 Vertical position

bus #§...15 A2 A2
VREPX1...X2 Variable expand X A2 Al2-Al
WRHOPOLT Write horizontal A3 -

POSlthn
WRHOVRLT Write horizontal A3 -

variable
WRVEPOLT Write vertical position A3 -
X1IN X1 input final amplifier A2 Al2-A1
X2IN X2 input final amplifier A2 Al2-Al
Y1IN Y1l input final amplifier A2 Al2-Al
Y2IN Y2 input final amplifier A2 Al2-A1
Z-0TPILT Z-output §1 A2 A2
Z-0TP2LT Z-output $2 A2 A2
Z-0T$3 Z-output P3 A2 Al12-A3
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Figure 8.2.5 Unit A2 - DISPLAY DAC UNIT - circuit diagram.
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UNIT A3 - DISPLAY CONTROL UNIT
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General information

This unit contains the circuits needed to control the display circuits
on units A2 and A4,

It contains the following circuits:

Data buffer
Preset register E
Output ports for display parameters
Display address counter
Data buffers for:
~ Display address data
~ Softkey text data
- Line text data
Timing circuits:
~.8ynchrenization flip flops
- Data acknowledge flip flop
~ Start flip flop
- smooth delay flip flop
7 + interrupt timer
Z -~ counter
Interrupt counter + interrupt flip flop
Restart counter
Address decoder
2 - detection circuit
Clock-fase generator
Memory select circuit



8.3.2.1

8.3.2.2

Display system and timing

Screen lay out

The screen lay out is as follows.

ACTUAL FRONTPANEL
ACQ

UISITI

ION SETTINGS

CALCULATION
RESULTS

TOP TEXT
AREA

RO TRACE

+SETTINGS

Rl 0 OO D000 JO0E 00 9008

—-H-- %0

R1 TRACE

+SETTINGS

+SETTINGS

-t 10

0%

R3TRACE

+SETTINGS

0000 0000

BOTTOM
TEXT AREA

{
{
{
R2 TRACE {
{
{

L] :
|

FULL TEXT.

(FOR SELECTED REGISTER}

SOFTKEY  REDUCED
TEXT AREA TEXT AREAS
(SELECTABLE

MESSAGES {FOR-A SHORT TIME} INY/5)

e

Figure 8.3.1 Screen lay out.

Display cycle

During each complete display cycle of about 19 ms the complete

contents of the trace memory as well as the text memory is displayed

on the C.R.T. screen.

Each display cycle consists of the following display blocks in

sequence:
R$ A and/or
Rl A and/or
R2 A and/or
R3 A and/or
TAT
RAT RO
RAT R1
RAT R2
RAT R3
BAT
SKT
MSC
PLOT

RG B
Rl B
R2 B
R3 B

}
} Contents of the
} trace memory

Top text area

Reduced area text R

Reduced area text Rl

Reduced area text R2

Reduced area text R3

Bottom text area

Softkey area text

Miscellaneous text (like cursors and
chamnel identification)

One dot to plot
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! Figure 8.3.2 Display cycle.
8.3.2.3 Preset sequence

! After the display of each display block an interrupt level signal
IL@5--LT is send to the microprocessor. The processor in turm starts

| a preset sequence of new preset values and new parameters for the

| display circuits. At the end of this preset sequence, signal WRDPSTLT

is generated and the display of the next display cycle is started.

’ Presetting is done in the following sequence:

1 Read overflow bit from DBA§

)

{

{ 2 WRVEPOLT Write the vertical position data to the VERTICAL
POSITION LATCH D2314 and D2316 on unit A2,

s 3 WRHOPOLT Write the horizontal position data to the HORIZONTAL

! POSITION LATCH D2317 and D2318 on unit A2,

l 3 WRPSDPLT Write the preset data for the display address
counter to the PRESET REGISTER D2103 and D2104 on
unit A3.

| This is done together with the setting of the
signals for the PLOT interface:

PLOT 0 = No sample in S&H
[ 1 = Sample in S&H
0 = Pen—up
1 = Pen-down
| PFPY 0 = Pen-up (high)
} 1 = Pen-up (low)
PLZEOT 0 = Plot output active
1

Plot output not active

These four signals are only generated when a plot
action has to be performed.
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5 WRDPPALT Write the display parameters which are listed below,
to the OUTPUT PORTS DISPLAY PARAMETERS D2106 and
D2107 on unit A3,

DPMY#2 DPMY@1 DPMY$P DISPLAY BLOCK

0 0 0 RE

[} 0 1 Rl

0 1 .0 R2

4 1 1 R3

1 0 0 Text TAT/RAT

1 0 1 Text BAT/SKT/MSC
1 1 0 -

1 1 1 -

DPMO--LT Display mode

0 = Dual channel

1 = Single channel
CHID Channel identity

0 = Channel A

1 = Channel B
HOMO Horizontal mode

0 = X=t

1 = AvsB (or text)
SM=wee LT Smooth

0 = Smooth
1 = No smooth
DIDJ Disgble dot join

0 = No dots, dot joined
1 = Dots (or text)

1VDCDB Invert display control databus
0 = No invert
1 = Invert

SVR1 Save to Rl
0 = No save
1 = save

SVR2--LT Save to R2
0 = No save

1 = Save
SVR3 Save to R3

0 = No save

1 = Save
SAVE~-LT Save

0 = Save

1 = No save
ENTXLNLT Enable text lines

0 = TAT, RAT, BAT

1 = Other text
ENTXSKLT Enable text softkey

0 = SKT

1 = Other text
Z-AC Z-active

0 = No light

1 = Light



6

16

17

WRHOVRLT

WRDPSTLT

Write data to
D2108 on unit
on unit A2.

8.3-5

the OUTPUT PORT DISPLAY PARAMETERS
A3 and to the X VARIABLE LATCH D2332

This is dome together with the following signals:

EPY-f1  EPY-0@ Y-EXPAND
o "] * 1/4 - Trace
[ 1 * 1 — Trace + MSC
text
1 0 * 4 - Text (Other)
1 1 * 4 - Trace
EPX-§2  EPX-Bl  EPX-@@ X-EXPAND
0 o 0 *1
0 0 1 *2
0 1 0 o
0 1 1 *8
1 0 0 -
1 [\ 1 *16
1 1 [ #32
1 1 1 *64
TXLNSKLT  Text line + softkey
0 = TAT, RAT, BAT, SKT
1 = Trace + MSC
DIOS--HT Disable overscan

0 = Overscan

= No overscan

Initialization of Z-counter §

Initialization of Z-counter 1

Initialization of Z-counter 2

Preset of LSB

Preset of MSB

Preset of LSB

Preset of MSB

Preset of LSB

Preset of MSB

countvalue of Z-counter

e -

countvalue of Z-counter

countvalue of Z-counter

)

countvalue of Z-counter 2
countvalue of Z-counter 3

countvalue of Z-counter 3

Clear instruction (read)

Start display

of the next display block after the

setting of the parameters
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8.3.2.4

8.3.2.5

Display timing

The display timing is arranged in such a way that one dot is displayed

" per 750 ns. Each period of 750 ns is divided into three fases of 250

ns each like shown in the following figure.
750ns
|
l‘ 1 X I X m X

! 250 ns '
I ATOUSITON |
| I
| '

?

DISPLAY H
i {DURING TEXT
i

' D'SPLAY BLOCKS!

MAT264S
70213

Figure 8.3.3 Display timing.

Fase I is for display actions, fase II for UP or SAVE actions and
during fase III acquisition actions can be performed.

SAVE timing

BISPLAY

CKSVLA —r ——————————————————

SAVE IN RIOR R2 r

DITXTR
SAVE N R2 _““—‘
WRTRQZLT -
Lenc MAT26LE
70213

Figure 8.3.4 Save timing.

A save action from Rf to Rl, R2 or R3 is done during the display of
text blocks. It is done with the first 4096 addresses of the total of
8192 addresses which are generated by the display address counter.
Each address is applied to register R, to the selected register and
to the text memory.

The output data of R# is latched in the SAVE latch during FASE I

with signal CLKVLA.

If R2 is selected for a save action, this register is enabled directly
to store the data value.

When this is done, the output of Rf is disabled and the output of

the text memory is placed on the trace data bus via the TEXT/TRACE
buffer via signal DITXTR. The text can be displayed then.



8.3.3.2

‘! 8.3.3.3

8.3-7

If Rl or R3 is selected, the output of the SAVE latch is placed on the
trace data bus during FASE IIIL, address line TRAB13 is switched to "1"
to point to Rl or R3 and the relevant chip select signal is activated.

ear_ ser PrasE 1 PassE

: : |
| ;

: i !

Re TRABT3 70" | | |
i

o TRABS "3 i SavE =1
T sive—r2

R2 RABT3 " | AR
t

R3 TRAB L3 "1™ | SAE 73

wAT2647
e70213
Figure 8.3.5 Save actions.
Circuit descriptibns

Data buffer

Data from the microprocessor system on the data limes DB@f...15,
which is meant for the DISPLAY CONTROL unit A3, is applied to the
internal display data bus lines DPDB#@...15 of this unit. This

data is transferred via the DATA BUFFER, which consists of D210l and
D2102 when the I/0 select signal IOSLESLT is activated.

Preset register

Preset data from the microprocessor system can be latched in the
PRESET REGISTER D2103 and D2104 (partly) when the write pulse WRPSDPLT
is generated at the beginning of each new display block.

The data on the data lines PSDP@@... PSDP1l is used to preset the
DISPLAY ADDRESS COUNTER with a start value for the next display
action, This value depends on the channel which is selected for
display, the selected horizontal expand factor or the value which has
to be plotted.

Output ports display. parameters
A number of display parameters can be latched in the OUTPUT PORTS

DISPLAY PARAMETERS D2104 (partly), D2106, D2107 and D2108 as described
under section 8.3,2,
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Display address counter

The DISPLAY ADDRESS COUNTER, consisting of the counters D2111, D2112
and D2113, generates the addresses of the TRACE MEMORY locations to be
displayed.

The counter is normally (in single channel mode) presetted to its zero
state before a display block starts and the counter counts through
ist complete range during a display block.

In dual channel mode however, the counter needs to know whether
channel A or channel B has to be displayed. The correct start address
of the channel in the TRACE MEMORY has to be presetted by the
microprocessor system. The counter counts then with a speed which is
twice the speed in single channel mode.

The counter is always presetted by the value which is present in the
PRESET REGISTER at the beginning of a display block. Presetting is
done under the control of signal DIDPPS., Presetting is stopped at the
start of a display block with signal STDP via flip flop D2114,
Counting is started then under the control of signal DIDPCN,

The first output bit DPAB@f of the display counter is via
multiplexer D2118 applied to the display address bus and influenced
depending on the selection of single or dual channel mode.
Single channel mode: (HOMO = "0 and DPMO--LT = "I™)
DPABBY = DPABHS
Dual channel mode: (HOMO = "0" and DPMO--LT = "¢")

DPABP@ = CHID (Channel identification)

CHID = "0" means channel B (odd locations
in memory)

CHID = "I" means channel A (even locations
in memory)

In dual channel mode, the display counter clockpulse DPCNCK is
switched to a speed which is twice the speed used in single channel
mode.

The speed is:
1 1/3 MHz in single channel mode (derived from CK/6~@HT)
2 2/3 MHz in dual channel mode (derived from CK/3)

Data buffers

There are buffers D2121 and D2122 (partly) for display addresses,
D2122 (partly) and D2123 for softkey text and D2124 for line text.
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8.3.3.7

8.3.3.8

Address decoder

An address decoder D2132 is able to decode a number of addresses which
are generated by the microprocessor.

This results in a number of signals (see also the preset sequence
under section 8.3.2) according to the following table.

I10SLE5SLT UPWR--LT ABf4 ABP3 ABP2 ABPl . Output signal
] 0 0 0 0 WRDPSTLT

0 0 1 0 0 1 -

0 0 1 0 1 0 -

0 0 1 0 1 1 WRVEPOLT

0 0 1 1 0 0 WRHOPOLT

0 o 1 1 0 1 WRPSDPLT

0 0 1 1 1 0 WRDPPALT

0 0 1 1 1 1 WRHOVRLT

A chip select signal CSZ-CNLT for the Z-counter is generated via D2129
if IOSLPSLT is active and ABP4 is logic "O",

The signal overflow status can be read by the microprocessor via data
bit DBAP (D2128-6), which is derived from signal DCDBIO via flip
flop D2114. The overflow status (ome or more bits in a display block)
is read by the microprocessor after each display cycle.

Clock fase generator

A binary counter D2134 which can be
reset signal UPRSOTLT counts the pul
clocksignal DPCK@8HT.

During each counter cycle, the counter is presetted to the value
eleven when its fourth output bit is zero and a new clockpulse
appears. The counter then coutinuous counting which results in the
timing clock signals as shown in figure 8.3.6,

T
El

oo
@

750 ns
OPCKBEHT L
|
ozt 1 o 1 Lo [1 ] o
i3]
cis-gar [ 1 1 3 1 [
o1 [ OPLAY
cki-2 LP-SAVE I
tKi6-3 | | “ACQUSION

200: |, 2o [, 2500 waT2608
BSE T PHASET T PHASE L o

Figure 8.3.6 Clock signals,
Copy synchronization one-shot

The COPY SYNCHRONIZATION ONE-SHOT D2144 is used in the ROLL-mode for
the synchronization between the display system and the DPU system by
generating the synchronize display signal SYDP.

Signal SYDP indicates the end of the display block for register R@.
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8.3.3.9

8.3.3.10

8.3.3.11

8.3.3.12

8.3.3.13

Memory select

The MEMORY SELECT circuit which mainly consists of the FPLA circuit
D2151 generates a number of memory select, output emable and write
enable signals.

Z-detection .

The Z-DETECTION circuit which mainly comsists of FPLS circuit D2142
generates one output signal Z-BL--HT which carries the
blanking/unblanking information for the C.R.T. This signal is derived
from a number of input conditions from a number of display circuits.

Z-timer

The Z-TIMER is for each block presetted with a value which is
calculated by the microprocessor. The value depends on the total
number of dots to be displayed during the actual display block. The
counter starts counting down latch enable pulses LEDA--HT when enable
display count signal ENDPCN is -active. Until the end of the counting,
when the zero state of the counter is reached, an output signal Z-DP
is applied to the Z-DETECTION circuit, The C,R.T. trace can only be
unblanked as long as the Z-TIMER is counting and signal Z-DP is
generated.

Restart timer

This timer especially has a function when X~-EXPAND is selected and is
for each block presetted with a value which is calculated by the
microprocessor. The value depends on the X-EXPAND factor and the total
number of dots to be displayed during the actual display block.

If for example the X-EXPAND factor is *4, the display block will be
displayed four times in order to reach a same trace intemsity on the
C.R.T. screen as there is without X~expansion.

After the first display action, when the zero state of the restart
timer is reached, and restart display signal RDDP--LT is generated to
start the second display action and so on. After display action four
(in this examplé) the end of the completé display block is given by
the IL@5--LT output signal from the interrupt timer.

Interrupt timer + flip flop

This timer is for each display block presetted with a value which is
calculated by the microprocessor. The value depends on the total
number of dots to be displayed during the actual display block. The
counter starts counting down latch enable pulses LEDA--HT when enable
display count signal ENDPCN is active. At the end of the counting,
when the zero state of the counter is reached, an output signal is
applied to the interrupt flip flop D2133 and an interrupt signal
IL@5--LT for the microprocessor is generated to indicate the end of
the actual display cycle.
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8.3.3.15

8.3-11

Start + smooth delay £lip flop

The START flip flop is blocked by signal ILG5DPLT on input 1l as

long as a display preset sequence is performed. At the end of such a
sequence a display start signal WRDPSTLT is generated and the start
£lip flop D2127 produces a 3 us start signal STDP, This STDP. signal is
applied to the synchronization flip flop D2114 to start the display of
a new block,

A new display action can also be started via a RTDP--LT output pulse
from the restart-timer.

1f SMOOTH is selected, an additional delay of 12 us is introduced by
smooth delay flip flop D2127 and a smooth delay signal SMDL--LT is
then applied to sychromization flip flop D2116. This is done at the
end of a sweep to avoid connection of the last dot of a sweep with the
first one of the next sweep.

Plot one-shot

if a plot function is selected (signal PLOT active) the plot one-shot
D2144 will generate a sample plot pulse SAPL for the analog plot
interface on unit Al at the beginning of the plot block. This is the
last block of a display cycle.

In this way one dot per display cycle can be plotted. The m
time is therefore 20 ms/dot. Slower plot speeds can be sele
the PLOT menu,

inimum plot
cted via

The microprocessor knows how many dots have to be plotted and which
actual dot has to be plotted. The memory addres of the actual dot to
be plotted, is presetted in the display address counter and the data
which is stored in this addres location is applied to the plot
interface on unit Al,

The penlift (pen up/pen down) can be controlled via the microprocessor
generated signal PU---~LT,

The polarity of the penlift is also generated by the microprocessor by
generating signal PFPY.

If the Z-signal is blanked (during overscan for example) the pen is
also lifted automatically.

I1f no plot function is selected, the plot outputs are short circuited
via signal PLZEOT.
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8.3.4 Signal-name list

UNIT A3
Signal-name Description Signal Signal
source destination(s)

ABf1...15 Address bus-@l...15 ° A6 -
ANCPY-HT Analog compress Y A3 Al2~Al
ANEPY-HT Analog expand Y A3 Al2~ALl
BUAB13...15 Buffered address

lines 13...15 A3 A3
BUHISBLT Buffered high strobe A3 A3
BULOSBLT Buffered low strobe A3 A3
CHID Channel indentification A3 A3
CKEPVE Clock expand vertical A3 Al2-A2
CKSVLA Clock save latch A3 Al2-A4
CK/2--LT ¢lock /2 A3 A3
CK/2--HT Clock /2 A3 A3
CK/3 Clock /3 A3 A3
CK/6~-pLT Clock /6-f A3 A3
CK/6-@HT Clock /6-0 A3 A3
CK/6-1LT Clock /6-1 A3 A3
CK/6-1HT Clock /6-1 A3 A3
CK/6-2LT Clock /6-2 A3 A3
CK/6-2HT Clock /6-2 A3 A3
CLDPAB Clock display address

bus (CK 43 Al2-p4
CLUPAB Clock microprocessor bus A3 Al2-A4

(MYSLE2HT)
CSIX--LT Chip select text A3 Al2-A4
C8Z~CNLT Chip select Z-counter A3 A3
DAAR--LT Data acknowledge A3 Al2-A4
DAAR--HT Data acknowledge A3 Al2-A4
DAHISBLT Data high strobe A6 -
DALOSBLT Data low strobe A6 -
DATRAKLT Data trace acknowledge  A3+A5+A6+A8 Al2-A6
DBAP. . .15 Data bus @#§...15 A6 -
DCDBHY. . .15 Display control data

bus #9...15 Ab b
DIDBTX Disable data bus text-—

buffer A3 Al2-A4
DIDJ Disable dot join A3 A3
DIDPCN Disable ‘display counter A3 A3
DIDPPS Disable display preset A3 A3
DIOS--HT Disable overscan A3 Al12-A1,A12-A2
DISVIA Disable save latch A3 Ak
DITXTR Disable text trace

buffer A3 Al2-A4
DJAC—--HT Dot join active A3 Al2-A2
DPAB@.. .11 Display address

bus ##...11 A3 Al2-A4
DPCK@SLT Display clock 8 Mhz A3 A3
DPCK@8HT Display clock 8 Mhz A3 A3
DPCNCK Display counter clock A3 A3
DPDBAS...15 Display data

bus $@...15 A3 A3

DEMO--LT Display mode A3 A3
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Signal-name Description Signal Signal
source destination(s)

DPMYRDHT Display memory read A3 A3
DPMYWRHT Display memory write A3 A3
DEMY®S. . . B2 Display

memory $@...p2 A3 A3
DPMYP2LT Display memory @2 A3 A3
DPRIUPLT Display reject up A3 Al2-A2
DPRJIDWLT Display reject dowm A3 Al2-A2
DRTXTR Direction text

trace buffer A3 Al2-A4
DPTR--HT Display trace

(DPMYP2LT) A3 Al2-Al
ENDPCN Enable display counter A3 A3
ENTRHOLT Enable trace horizontal A3 Al2-A2
ENTRHOHT Enable trace horizontal A3 A3
ENTXLNLT Enable text line A3 Al2-A2
ENTXSKLT Enable text softkey A3 A3
EPDB@#...11 Expanded data bus A2,A3 Al2-A2
EPHO14 Expanded horizontal

bus 14 A3 Al2-A2
EPX-08...02 Expand X £@...92 A3 Al2-A2
EPY-00...01 Expand Y @@...61 A3 A12-A2
EP12--LT Expand 12 A3 Al2~-A2

Borizental mode A3 A3

Interrupt level §5 A3 Al2-A6
1L@5DPLT Interrupt level §

display 43 A3
10SL@5LT 1/0 select #5 A6 -
IVDCDB Iavert display control

address bus A3 Al2-A2
LEDA--LT Latch enable DAC A3 Al2-A2
LEDA-~HT Latch enable DAC A3 Al2-A2
LEDC Latch enable display

control A3 Al2-A4
MXCPAD (WRAQ--HT)  Multiplex copy address A3 Al2=A4
MYSL@2LT Memory select @2 A6 -
MYSL#2HT Memory select @2 A3 -

(CLUPAB)
OETRAILT Output enable trace #l A3 Al2-A4
OETRB2LT Output enable trace §2 A3 Al2-p4
OETX~-LT Output enable text A3 Al2-AL
PFPY Penlift polarity A3 Al2-A)
PLOT Plot A3 A3
PLZEOT Plot zero output A3 Al2-A1
PSDPGF. ..11 Present display

bus #6...11 A3 A3
PU-—--LT Pen-up signaal A3 Al2-Al
RDDM--LT Read display memory A3 Al2-A&4
RDDPDALT Read display data A3 A3
RSDAARLT Reset data acknowledge A3 A3
RTDP--LT Restart display A3 A3
SAPL Sample plot A3 Al2-Al
SAPL--LT Sample plot A3 A3
SARY Sample ready A -
SARYAKLT Sample ready acknowledge

(DITRDB) (WRAQ--RT) A3 Al2-A4
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Signal-name Description Signal Signal
source destination(s)

SAVE--LT Save A3 A3
SLTRILLT Select trace IL A3 Al2-Ak
SLTRIHLT Select trace IH A3 Al2-A4
SLTR2LLT Select trace 2L A3 Al2-A4
SLTRZHLT Select trace 2H A3 Al2-A4
SM~—-~LT Smooth A3 Al2-A2
SMDL--LT Smooth delay A3 A3
STDP Start display A3 A3
SVR1 Save register Rl A3 A3
SVR2--LT Save register R2 A3 A3
‘SVR3 Save register R3 A3 A3
SYDP Synchronize display A3 A12-A8
TRAB13 Trace address bus 13 A3 Al2-p4
TXABL3 Text address bus 13 A3 Al2-A4
TXLNSKLT Text line softkey A3 A3
UPCK$8 Microprocessor

clock 8 Mhz A6 -
UPRD--LT Microprocessor read A6 -
YPRD-~-HT Microprocessor read A3 A3
UPRSOTLT Microprocessor reset out A6 -
UPWR--LT Microprocessor write A6 -
VEDB@9...12 Vertical data

bus $9...12 A2 -
WETR@1LT Write enable trace §i A3 Ah
WETR2LT Write enable trace §$2 A3 Al2-A4
WETX--LT Write enable

text (WR@2--LT) A3 Al2-A4
WRAQ--LT Write acquisition A3 A3
WRAQ--HT Write acquisition A3 A3

(SARYAKLT)
WRDPPALT Write display parameters A3 A3
WRDPSTLT Write display start A3 A3
WRHOPOLT Write horizontal

position A3 Al2-A2
WRHOVRLT Write horizontal

variable A3 Al2~-A2
WRPSDPLT Write preset display A3 A3
WRVEPOLT Write vertical position A3 Al2-A2
WRBG--LT Write #¢ A3 A3
WR1~-~LT Write @l A3 A3
WR@2--LT Write $2 (WETX--LT) A3 Al2-A4
Z~AG--LT Z - active A3 A3
Z-BL--HT Z - blanking signal A3 Al2-Al
Z-DP Z - display A3 A3
2-0T@#3 Z - output $3 A2 -
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General information

This unit basically comprises the four random—access registers R,
RI, RZ and R3 of the trace memory, the text memory, the copy address
counter and their associated control circuits,



Copying trace data from the DPU into display register R@

On receipt of a trigger pulse, a coupling is realized between the DPU
(digital processing unit) and register R of the trace memory unit,
The DPU places its 12-bit (two - complement) trace data on the sample
data bus lines SADB@f...SADBI2. This bus is comnected to the

trace data latch consisting of D200l and 2002, Each trace data word is
clocked in the latch with signal latch enable display (LEDP), This is
done in the rhythm of the acquisition system.

Trace data format:

SADB‘15|14l13|12|11|10 9 8 7 6 5 4 3 2 1]0]

REAL OF D9 D8 D7 D6 D5 D4 D3 D2 D1 D§

I—- 10-bit trace data

Overflow flag
Real sample flag
not used

Signal LEDP switches also a handshake flipflop D2017, resulting in an
active SARY (sample ready) signal. When the trace data word is copied
to register Rf, the SARYAKLT signal resets the handshake flip flop,
which informs the DPU that the next trace data word can be sent to the
trace data latch.

In way the display rmed that new trace data is
available on the output bus lines TRDB@@ ... TRDB15 of the trace

data latch. This trace data bus is comnected to the four display
registers. New trace data however is always stored in register Rf.
This is doune in a rhythm which is determined by the acquisition
system.

RAM”s D2008 and D2009 form together the two 4kxl6 registers R and

t is i

Rl and D2011 and D2012 form together the two 4kx16 registers R2 and R3.

Addresses for register R needed during the copy cycle of trace data
from the DPU into register R}, are generated by a copy address
counter which consists of D2018, D2019 and D2021.

The copy counter address bits CPAB@# ... CPABIL are applied to the
trace register Rf via address multiplexer II consisting of D2037,
D2038 and D2039 as TRABL ... TRABL2.

Address line TRABL3 us separately generated and is used for the
switching between R§ and Rl or between R2 and R3.

The counter is first resetted to its zero state by signal -RSDU~-LT
(reset DPU). After an active trigger the copy cycle is started and the
register will be -completely filled once with trace data from the
acquisition system. The counter is counting (and thus producing
addresses for register R, CNCPCN pulses (count pulses for the copy
address counter) which are gemerated in the rhythm in which the
acquisition system offers the new trace data. At the end of the copy
cycle, the counter generates a signal TCCPCN (terminal count copy
adress counter) and the cycle is stopped,

Register Rf is furthermore controlled by its chip select signals
CSTRILLT and CSTRIHLT which can only be active when the memory select
down signal MYSLDWLT is not active and by the write enable signal
WETRBILT.
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Saving trace data from register R into one of the registers R1, R2
or R3,

The address information needed for register Rf and the selected
register is generated by the display address counter. The address
lines DPAB@Y ... DPAB1l are applied to the registers R, Rl, R2

and R3 via address multiplexer I consisting of D2031, D2033, D2032 and
D2041 when cycle counter display address bus signal CLDPAB is active
and via address multiplexer II consistimg of D2037, D2038 and D2039 as
TRAB$ ... TRAB12 when multiplexed copy address signal MXCPAD is
active,

Each trace data word on the register R trace data output lines
TRDBY®...TRDBL5 is first saved in a save latch consisting of D2028
and D2029 with the clock save latch signal CKSVLA,

The saved word is then afterwards saved in the selected memory by
using exactly the same display address. Address line TRAB13 is
switched to point to the selected register which is activated via its
chip select signal and write enable signal.

The output of the save latch is disabled by the disable save latch
signal DISVLA, For the next word the microprocessor. increases the
address number and so on. After 4096 of these actions the save action
is completed, The save latch is not used when data has to be saved in
register R2. Save is then done directly from R§ and R2.

Storage of text in the text memory

All used kinds of texts are generated by the microprocessor system and
stored when they are needed in a 8kxl6 bit text memory consisting of
D2014 and D2016.

The addresses needed for the storage of text in the text memory are
generated by the microprocessor. The microprocessor address lines
ABPL ... AB12 are applied to the text memory via address multiplexer
1 consisting of D2031, D2032, D2033 and D2041 as TXAB@l ... TXABI2,

The text data consists of vertical and herizontal coordinates and an
intensity flag, This data is generated by the microprocessor system.
The data bits DB@§ ... DBI5 are applied via a bidirectional latch
consisting of D2003 and D2004 as TXDBA# ... TXDBI5 to the text
memory.



The following text data formats exist:

Top area text (TAT)
Trace area text (TRAT)
Bottom area text (BAT)

mxosfis[14]13121nJ10] 9 876 5[4 321 ]0]

INT X8 X7 X6 X5 X4 X3 X2 X1 x;z)| Y5 Y4 ¥3 Y2 Y1 Y9

I—-Y-coordinate (6-bits)
X-coordinate (9-bits)

Intensity flag "1" means high intensity
"@" means low intensity

Softkey text {SKT)

mxo3 [15]14]13[12[11]10 o8 [7]6 5]« [3 ]2 [1]9]

INTIXS X4 X3 X2 X1 XQHXB Y7 Y6 Y5 Y4 Y3 Y2 Y1 Y(?)J

L Y-coordinate (9-bits)

X-coordinate (6-bits)

l-— Intensity flag 1" means high intensity
€

"#" means low intensi

v

Miscellaneous text (MSC)

o8 [15[1a]13[12[01]10] 9[8[ 76 [5[4 3 [2[1] 9]

INT 9 Y8 Y7 Y6 Y5 Y4 Y3 ¥2 YI ¥,

L )
l—— Y-coordinate (10-bits)

(on_even addresses)
Not used

Intensity flag "1" means high intemsity
"@" means low intensity

mxop [15[1a]13[12[n[10 o 8 76 [s[4[3 ]2 1] 8]

(X9 X8 X7 X6 X5 X4 X3 X2 X1 X8

l-——— X-coordinate (10-bits)

(on odd addresses)
Not used

For storage of miscellaneous texts, two words are stored, one for the
Y-coordinate and the intensity flag and the other one for the X-
coordinate.

If no text has to be displayed, a word of only one’s will be stored in
the text memory and the trace will be suppressed.
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Reading trace data for display purposes

The display memory addresses which are needed during the display cycle
for trace data are generated by a display address counter which is
located on the display control unit A3.

The display counter output address bits DPAB@# ... DPABIl are
applied via address multiplexer I and address multiplexer II to the
address inputs of the four display registers R@, Rl, R2 and R3.

Each register can be selected for display by the generation of its
chip select signal, its output enable signal and the register select
signal TRAB13,

The selected register places its output data word on the trace data
bus lines TRDB@P ... TRDBL5. This data is applied to the display
control latch by latch enable display control latch signal LEDC.
The output data bits DCDB@f ... DCDBLS are applied then to the
display DAC unit’ A2 for further handling.

Reading text data for display purposes

The text memory addresses which are needed during the display cycle
for text data are genmerated by the display address counter. These
display address counter address bits DPABP@ ... DPABIl are applied
via address multiplexer I to the address imputs of the text memory.
The text memory is selected by the gemeration of its chip select
signal, its output enable signal and the register select signal
TXAB13. The text output data word is placed on the text data bus lines
TXDB@P ... TXDB15 and via the text/trace buffer comsisting of
D2006 and D2007 applied to the display control latch,

The output data bits DCDBA .., DCDBI5 are applied then to the
display DAC unit AZ for further handling.

Data communication via options

Instruments which are equipped with option can communicate with the
trace memory as well as the text memory via the following signal paths.

Trace memory:

Addresses are generated by the microprocessor and via address
multiplexers I and II applied to the display memory.

Data communication is done via the microprocessor data bus, the
bidirectional text/trace buffer and the trace data bus or vice versa.

Text memory:

Addresses are generated by the microprocessor and via address
multiplexer I applied to the text memory.

Data communication is done via the microprocessor bus, the
bidirectional data/text latch and the text data bus or vice versa.



8.4.9

Trigger address comparator

The TRIGGER ADDRESS COMPARATOR is part of the address generator on the
DPU CONTROL {(Unit A8),

D2022 and D2023 form a 12 bit latch, in which data from the DPU
address bus (DUAB@#...11) can be loaded by the DAVA sigmal. It is
reset when the DPU (Unit A9) is reset by RSDU--LT.

The address data from the latch is compared with address data on the
DPU address bus by a 12 bit comparator (D2024, D2026 and D2027). When-
both addresses are the same, the signal OTCM is high. This signal is
led to the status multiplexer on umit AS8.

Signal name list

UNIT A4
Signal name Description Signal Signal
source destination(s)
ABPL.. .12 Address bus §1...12 A6 -
CKSVLA Clock save latch A3 -
CLDPAB Clock display
adress bus A3 -
CLUPAB Clock microprocessor bus A3 -
CNCPCN Count copy address
counter AB -
CPABS@...11 Copy counter address
bus ##...11 AL 24
CSTRILLT Chip select trace 1L A4 A4
CSTRIHLT Chip select trace 1H Ab Ad
CSTR2LLT Chip select trace 2L Al Ab
CSTRZHLT Chip select trace 2H A4 Ah
CSTX-~LT Chip select text A3 -
DAAK--LT Data acknowledge A3 -
DAAR--HT Data acknowledge A3 -
DAVA Data valid A5 -
DBAG. ..15 Data bus #6...15 A -
DCDBHG.. .15 Display control data
bus §g...15 A4 Al2-A2,A12-A3
DIDBTX Disable data bus text— A3 -
buffer
DIDCLA Disable display control 44 -
latch
DISVLA Disable save latch A3 -
DITRDB Disable trace data bus . A3 -
(SARYAKLT)
DITXTR Disable text trace A3 -
buffer
DPABAJ...11 Display address
bus #4...11 A3 -
DRTXTR Direction text trace A3 -
buffer
DUAB@S. ..11 DPU address
bus §6...11 A8 -
ENCPSA Enable copy sample Ak A12-A8
LEDC Latch enable display A3 -
control

LEDP Latch enable display A8 -



Signal-name Description Signal Signal
source destination(s)

MXCPAD Multiplex copy address A3 -
MYSLDWLT Memory select down A6 -
MYSL@2LT Memory select $2 A6 -
OETRA1ILT Output enable trace @l A3 -
OETR@2LT Output enable trace §2 A3 -
OETX~-LT Output enable text A3 -
OFDP overflow display A9 -
OTCM OCutput comparator A4 Al12-A8
RDDM~-LT Read display memory A3 -
RLDP Real sample display A9 -
RSDU--LT Reset DPU AB -
SADB@G. ..69 Sample data

bus $4...89 A9+A11 -
SARY Sample ready AL A3
SARYAKLT Sample ready acknowledge A3 -

(DITRDB)
SLTRILLT Select trace 1L A3 -
SLTRIHLT Select trace IH A3 -
SLTR2LLT Select trace 2L A3 -
SLTR2HLT Select trace 2H A3 -
TCCPCN Terminal count copy Al Al2-A8

address counter
TRABBL. . .12 Trace address

bus #1...12 Ab Ak
TRAB13 Trace address bus 13 A3 -
TRDBAG. . .15 Trace data

bus @#6...15 A A4
TXABPL...12 Text address

bus #8...12 A A&
TXAB13 Text address bus 13 A3 -
TXDBS. ..15 Text data Ab Al

bus #4...15
UPCK@8 Microprocessor clock Ab -

8 MHz
WETRP1LT Write enable trace fl A3 -
WETR$2LT Write enable trace §2 A3 -
WETX--LT Write enable text A3 -
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General information
Memory circuit.
ACL circuit.
Signal name list..

General information

This unit basically consists of the microprocessor memory circuit
(RAM) .and the acquisition control logic (ACL).

Memory circuit

The microprocessor memory circult comsists of a RAM, an optional ROM
and some control logic.

The RAM consists of D1834 and D1836. They are both 8K x 8, together
forming an 8K x 16 RAM. For future expansions, it is possible to use
32K x 8 RAMs. Then the soldering joint J1801 should be changed over.

The ROMs D1837 and D1838 are not fitted. They are reserved for future
expansion.

Normally 64K x 8 ROMs may be fitted, but it is possible to use 32K x 8
ROMs. Then the soldering joint J1802 should be changed over.

The ADDRESS- REGISTER latches- the -data of the-microprocessor--address
lines., It is clocked by CKAB--HT, which is active when addresses on
the address bus are stable.

The BIDIRECTIONAL DATA buffer buffers the data lines to the
microprocessor, It is emabled by CKAB--LT. The direction of data
transfer  is determined by RARD-~LT.

The logic behind the buffer generates the RAM select signals SLRALOLT
and SLRAHILT.

When the power goes down, MYSLDWLT goes low. Now D1833 separates
SLRALOLT and SLRAHILT from the select logic and so they go to VBBa
level, The RAMs. are deselected, their contents remain.

The remaining select logic generates delayed CKAB signals and
DATRAKLT, when this unit is selected.

The delay of the CKAB signals (R1802 and Cl851) ensures stable data on
the address bus and the data bus when they are clocked in,

The delay of DATRAKLT (R1839 and C1852) ensures enough data  setup time
for the RAM.

Further there is some logic to generate the SLRO2-LT signal for the
optional ROMZ.



ACL circuit

The ACL circuit comsists of the following parts:

— Mode register

- Slow clock generator

- Slow time base logic

- Acquisition control logic

- Shift logic .
The MODE REGISTER latches and decodes data from the microprocessor,
which are used in the slow time base logic, the acquisition control
logic and the shift logic.

The SLOW CLOCK GENERATOR generates signals, which are used in slow
time base modes. These signals are derived from UPCKL6, the 16 MHz
microprocessor clock. The generated signals are:

Name Frequency
CKCDOC 16 MHz
TBCK#8 8 MHz
CKSWIB 1,6 MHz
CK164¢ 1,6 MHz

The SLOW TIME BASE LOGIC consists of D1801, D1821, D1803 and D1811. It
generates various control signals which are used in the slow time base
modes.

These are the modes in the tjme base range500 us/div.,.360 s/div and
the read out cycles of the PCCD mode and the random sampling mode.
D1801 is a triple programmable counter; the time base counter.
Counter 1 and counter 2 are cascaded to achieve a dividing range which
is big enough to divide the CKSWIB signal down to the desired
frequency at the time base setting 360 s/div. The divide ratio is
determined by RADB@S...RADBB?, which come from the

microprocessor.

The output of counter 2 is led to pin 2 of DI811, where it is latched
with various other control sigmals, which may arrive at slightly
different times, due to propagation delay times.

At the output of DI811 all signals are available at Ehe same moment .
Counter 3 in D180l counts down the filling of the P“CCD with

samples, when a new time base setting is selected. When ‘the P“CCD is
filled, a clock is given to pin 1! of D1821, which activates ENSWTB.
The counter is a mono stable count down counter, which is triggered by
the RSTB—-LT signal.

IC D1803 is an FPLS (Field Programmable Logic Sequencer) that
generates 4 acquisition control signals, depending on the selected
time base mode.

The ENSWIB signals enables the output signals.

SYSWIBSL is a 1,25 us long clock pulse at the falling edge of SWTB.
TKSAP2 is a 2,5 us long clock pulse at the falling edge of SWTB.
RSMNG1 and RSMXBl are used for the generation of reset pulses on

unit A49 for the peak detectors om unit A33. They are only present
when MIN / MAX is ou.

When an external clock is selected (SLETCK) the external clock (ETCK)
is syachronised with SCEV#1 by D1803.

The ACQUISITION CONTROL ‘LOGIC consists of an FPLS (D1804), -a latch
{D1822) and a triple programmable counter; the ACL counter (Di802).
The counter and the FPLS together generate a number of control
signals, depending on the selected time base mode. They are buffered
by D1822.



The SHIFT LOGIC generates a TKSA iignal for the DPU when a sample,
that has to be used, leaves the P“CCD (see figure 8.5.1).

L

TRANSPORT CLOCK T

SHIFT LOGIC

PROGRAMMABLE
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1
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A5.A28.A26 AT3

MAT2521
870123

Figure 8.5.1 SHIFT LOGIC

In Direct mode Single channel, the frequency of the sample clock and
the transport clock is 400 kHz. So every 2,5 us a sample is taken

and transported: - -

At a time base setting of 100 ms/div every 250 us a sample is used to
be displayed (100 ms x 10 div/4K samples). So only 1 of 100 samples is
used.,

The moments on which a sample is taken, that is to be displayed later,
is marked by TRSA@2, whicEx is derived from SWIB. As the sample is
transported through the P“GCD, TKSAB2 is synchronously shifted
through the SHIFT LOGIC under c%ntrol of the STCV signal.

When the sample shifts out of P“CCD the TKS§2 signal, which is now
called TKSA, shifts out the shift logic.

The shift logic comsists of IC’s D1812,..1814 and D1816...1819. D1813
is a quadruple 64-stage shift register, which is connected in cascade
to obtain a 256-stage shift register. The number of stages is extended
by D184,

The shift register is clocked by STCV-~LT. TKSAP2 at pin 9

determines wether a "1" or a "@#" shifts in the register,

D1816 is used to delay some signals and to synchronize them on
STCV~--LT.

D1817 and D1818 form together a multiplexer, which selects the correct
signal in the various modes (TKSA@1).

D1819 latches TKSAPl together with some other signals to offer them
synchronously to the DPU.



Signal name list

UNIT A5
Signal name Description Signal Signal
source destination(s)

ABOL...16 Address bus $1...16 A6 -
ABI1S Address bus 19 A6 -
¢ P2ceD mode A5 45
CDRD P2ceD read 425 -
CDRD@L 260D read §1 A5 A5
CDRD-2 P“CCD read 2 A26 -
CHPT Channel pointer A5 A8
CHPTHL Channel pointer @1 A33 -
CK16{8 Clock 1,6 MHz A5 A12~A25
CKAB~-HT Clock address bus A5 A5
CKAB=-LT Clock agdress bus A5 A5
CRCDOC Clock P“CCD output

control A5 Al2-A25
CKSWTB Clock slow time base A5 A5
CSALCNLT Chip select ACL counter A5 A5
CSTBCNLT Chip select time base

counter A5 A5
DAHISBLT Data high strobe A6 -
DALOSBLT Data low strobe A6 -
DATRAKLT Data transfer

acknowledge A3+AS+AG+AB Al2-46
DAVA Data valid A5 A12-AB,

Al2-A4

DAVASL Data valid 1 A5 A5
DAVA--LT Data valid A5 A5
DB#G...15 Data bus #p...15 A6 -
DS Direct special mode A5 AS
DUAL A and B mode A5 A5
ENDBBFLT Enable data bus buffer A5 A5
ENSWTB Enable slow time base A5 A5
ENSWTBLT Enable slow time base A5 A5
ETCR External clock A25 -
ETCKP1 External clock @1 AS A5
HDOF~~LT Hold off A5 Al2-A25-A26
10SL@SLT 1/0 Select $8 A6 -
MM Min/max mode A5 A5
MMPT Min/max pointer A5 AI2-A8
MMPTH1 Min/max pointer @1 A33 -
MMPTH2 Min/max pointer $2 A5 A5
MYSLDWLT Memory select down A5 A5
MYSLALLT Memory select @1 A6 -



Signal name Description Signal Signal
source destination(s)
RAABAL...16 RAM address
bus #1...16 A5 A5
RAAB19 RAM address bus 19 A5 A5
RADBGP...15 RAM data bus @6...15 A5 AS
RAMYSLLT RAM memory select A5 A5
RARD--LT RAM read A5 A5
RAWR--LT RAM write AS A5
ROMN Roll mode manual AS A5
RSMO Random sampling mode A5 A5
RSMN Reset min A5 Al2-A25-A26-
A49
RSMN@1 Reset min @1 A5 A5
RSMX Reset max A5 Al2-A25-A26-
A49
RSMX@L Reset max @1 A5 A5
RSSW Reset slow AS Al2-A25-A26
RSTB~-LT Reset time base A5 A5
SCEV@L Sample clock even @1 A5 A5
SCEV--HT Sample clock even A25 -
SLETCK Select external clock A5 A5
SLRO2-LT Select ROM2 A5 A5
SLRAHILT Select RAMP high byte A5 A5
SLRALOLT Select RAMP low byte A5 A5
STCV Start conversion A33 -
STDAVA Set data valid A5 A5
STEW Set slow AS Al2-A25-A26
SWCK-~-LT Slow clock A5 A5
SWCK@1 Slow clock @1 A25 -
SWCKRH2 Slow clock @2 AS A5
SWTB Slow time base A5 A5
SYSWTB Synchronised slow
time base A5 Al2-A25-A26-
A49
SYSWTBHL Synchronised slow
time base #1 A5 A5
TBCKH8 Time base clock 8 MHz A5 AS
TCL...3 Timer counter 1...3 A5 A5
TCEVHL Transport clock even Bl A5 A5
TCEV--1T Transport clock even A25 -
TDLD Trigger delay load A5 Al2-A25-A26
TDUF Trigger delay underflow A25 -
TDUF$1 Trigger delay
underflow 81 A5 A5
TKSA Take sample A5 Al2-A8
TRSAPL Take sample $1 A5 A5
TRSAB2 Take sample §2 A5 A5
TRRY Transfer ready A8 -
UPCK16 Microprocessor clock
16 MHz A6 -
UPRD--LT Microprocessor read A6 -
UPWR-~-LT Microprocessor write A6 - B
VEB Voltage battéry backup A6 -
VBBa Voltage battery backup a A5 A5
ZECH Zexo channel A5 Al2-A25-A33
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8.6.1 General information

This unit mainly consists of a powerfull 68000 microprocessor

configuration with EPROM, address decoders, I/0 buffers and a clock
generator., The microprocessor runs at a clock frequency of 8 MHz.

A bus arbiter has been provided to allow a multiprocessor system,

which is used when options are installed in the instrument. The E

microprocessor has an asynchronous bus structure with a 24 bit address
! bus and a 16 bit data bus.
‘ Asynchronous means- that the microprocessor waits for a '"data
acknowledge" signal from selected I/0 circuitry, before continuing.
R This enables the microprocessor to handle different access times in
‘ I/0 circuitry.



Memory map

Only a part of the complete address range is used, according to the
following memory map which also gives the memory select signals.

Address (Hex)
G08984

ROMP
#1FFFF
B20099

ROML
B3FFFF
g4poes

Not used
@5FFFF
#69806

uP I/0
@7FFFF

Not used
caadas

1/0
CFFFEF
DEoEee

RAMP
DPFFFF

Not used
D2p9p8

Display

RAM
D3FFFF
D4PHBH

DPU

RAM + I/0
DSFFFF
D60#6H

OPTION 2
D7FFFF
D8BPAE

ROM2

(optional)
DYFFFF
DAPBES

Not used
FFFFFF

- Unit A6

Outside unit A6

1/0 Select

MYSLEILT
Unit A5

MYSLE2LT
Unit A4

MYSLP3LT
Unit A8

MYSLOALT

MYSL@1LT
Unit A5



8.6-3

A number of 1/0 select signals select address ranges in the I/0 part
of the memory map, according to the following table:

Select signal Selected address range Used for

TOSL@3LT CO0000~C1FFFFF Option

IOSLPALT C20000-C3FFFFF Front units Al3 + Al4
10SLASLT C40000-C5FFFFF Display unit A3
TOSL@6LT €60000~C7FEFFF CCD logic unit A26
10SLETLT C80000-CIFFFFF Management unit A25
10SL@SLT CAO000-CBFFFFF A.C.L. part unit A5
TOSLPILT CCO000~CDFFFFF Not used

IOSLIALT CEQOO0-CFFFFFF Option

The data acknowledge signal for the microprocessor is generated on
this unit (A6) when an I/0 select signal is active.When a memory
select signal is-active the data acknowledge signal is

generated on the selected unit via e wired or open collector circuit

(DATRAKLT).

Interrupts

Peripheral circuits can generate an interrupt to the microprocessor to
ask for special actions. Each interrupt has a priority level according
to the table below. The higher the interrupt number is, the higher
it’s priority level is. Interrupts with a lower or equal level than
the level of the current processor priority are inhibited, until the
processor priority is lower than the interrupt level.

Comes from

Interrupt signal
ILg1--LT
1L§2--LT
IL@3~--LT
ILJ4--LT
ILE5--LT
IL6—-LT
ILJ7--LT

DPU unit A9

Front unit Al4
Option

Display unit A3
Management unit A25
Power 2 unit A20

Microprocessor unit A6

The functions of the interrupts are:

Comes every 40 ms. It starts a scan of the front panel

keys and updates the status of the pilot lamps.

Marks the end of a DPU program or that the DPU has

started to transfer data to the display register Rf.

been turned.

Is reserved for use by an option.
Marks the end of a display cycle.
Marks that delta-t information is available on the

management unit.

IL1-~LT
ILP2—-LT
IL@3--LT
TLP4--LT
IL$5--LT
ILP6--LT
IL$7--LT

Marks that the power goes down.

Marks that one of the rotaries on the fromt panel has



Circuit description

The MICROPROCESSOR (D1717) is comnected via the microprocessor data
bus to the BIDIRECTIONAL DATA BUS BUFFER and to ROM@ and ROMI.

ROMP and ROM1 consists each of two 64K x 8 ROMS, together forming
two 64K x 16 ROMs.

ROM@ may also counsist of two 32K x 8 ROMs. Then soldering joint
J1701 should be changed over.

It is also possible to use 16K x 8 ROMs, when soldering joint J1702
has also been changed over.

The ROMs are addressed via the microprocessor address bus. This bus
is buffered to the other units by the ADDRESS BUS BUFFER.

The circuit comsisting of D1737, D1741 and D1747 generate the memory
select signals and some strobe signals.

iThe circuit comsisting of D1744 and D1746 generate the I/0 select

signals. Via D1743 and D1714 DATRAKLT goes down with a short delay as
one of the I/0 select signals goes down.

DATRAKLT can also be pulled down by circuits on other units via pin C8
on connector X1701 and the service switch X1707. This switch can be
changed over to generate a data transfer acknowledge by the SLBUENLT
signal, which is used by the diagnostic software (see chapter 11.4.4).
The circuit around D174)1 generates ROM select signals and some other
control signals.

The 3 function control signals are applied to a gate in D1737, which
detects the interrupt acknowledge status of the microprocessor, when
all function code signals are high. This is used to generate VAPEADLT
and memory select control signals.

The monostable multivibrator Di709 keeps the bus busy signal a while
active, after the microprocessor has accessed the display RAM. This
prevents other microprocessors on options to take over the bus, when
the microprocessor has transferred data to the display memory, to
assure enough time for the display memory control logic to write the
data in the display memory (unit A4).

The BUS ARBITER

The BUS ARBITER consists of a dedicated IC (D1731) and associated
logice,

It’s main functior is to assign control of the microprocessor busses
to the microprocessor that claims the control.

When no options are installed in the instrument there is only one
microprocessor, so the bus arbiter has no arbiter fonctionm.

The BUS ARBITER circuit is reset by the microprocessor reset signal
(UPRSOTLT) from the RESET/HALT logic.

The capacitors Cl754...C1761 and resistor network R1726 give delay
times, which time the taking over of the microprocessor busses by
another microprocessor.

The associated logic generates a number of control signals for the
arbiter function as well as for normal microprocessor functioms. The
shift register D1748 generates the CLWR--LT signal that lies with its
edges between the edges of one of the memory select signals. So first
the memory select signal goes down, next the CLWR--LT pulse and
UPWR--LT pulse at D1721 come and finally the memory select signal
goes high.



The CLOCK GENERATOR consists of a compact integrated crystal
oscillator of 16 MHz (G1701) and a number of divider stages. The table
below gives the frequency of the genmerated signals.

Name Frequency
UPCK16 16 MHz
UPCK$8 8 MHz
UPCR 8 MHz
Z-MO-XT 200 kHz
TIC 25 Hz

By changing over soldering joint J1707 all frequencies are divided
by 2. This can be used to detect access time problems.

The INTERRUPT PRIORITY LEVEL ENCODER (D1708) encodes 7 offered
interrupt levels to a 3 bit binary code (IPL§...2)}, which is applied
to the microprocessor. A reaction of the microprocessor on IL$1--LT
might be postponed a while, because interrupts with a higher priority
are present. Now flipflop D1704 keeps ILPl--LT low, when TIC goes
high after 20 ms. When the interrupt is acknowledged the flipflop is
reset by TCRS--LT.

Gate D1739 is a buffer between the HCT logic on unit A3 and the LS TTL
logic of D1708,

ILP7--LT (power down) is. also routed to the reset/halt logic, to
halt the microprocessor.

The WATCHDOG consists of a retriggerable monostable multivibrator
(D1709), an oscillator (D1712) and the reset/halt logic.

When the microprocessor program runs normally, the multivibrator is
retriggered within every 2 seconds by WD--~-LT. This keeps pin 12 of
D2709 low, Via DL712 UPRSOTLT and UPHA--LT stay high.

When another microprocessor has taken over control over the system,
WD----LT is generated by this microprocessor.

If the WD--~-LT signal does not come within 2 seconds (e.g. due to
an abnormal program sequence) pin 12 of D1709 goes high. Now the
microprocessor is halted by UPHA--LT and the hardware is reset by
UPRSOTLT.

The gate of Di712 pins 1, 2 and 3 forms an oscillator, so after about
2 seconds UPHA--LT and UPRSOTLT become inactive. The microprocessor
will restart, generate the WD~---LT signal and so on.

If for some reason the microprocessor should not restart correctly the
oscillator of D1712 gives a halt plus reset after 2 seconds and after
another 2 seconds the microprocessor can restart again. The strap
%1708 allows disabling of the watchdog, which is used for the
diagnostic software (see sectiom 11.4).

A start of the microprocessor and a restart caused by the watchdog
initiates the power up routine (see section 11.4).

If the power goes down IL$7--LT halts the microprocessor via pin

5 of DL712. Capacitor C1753 keeps IL$7--LT long enough low at

power up, to be sure that all supply voltages are present when the
microprocessor starts.



The INPUT PORT enables the microprocessor to read the status of 3
service switches and the status of the battery.

Service switch X1703 should always be open in this instrument,
Service switches X1704 and X1706 have functions for the diagnostic
software (see section 11.4.4).

Via the OUTPUT PORT, the microprocessor gemerates the watchdog signal
WD----LT with the open collector gate D1714. The battery test circuit
is-also controlled via the output port.

The BATTERY TEST circuit loads the battery via V1702 and R1712 with a
specified current, when the condition of the battery has to be tested
after a (re)start of the microprocessor. The COMPARATOR compares the
battery voltage with a reference voltage from V1701, When the battery
voltage is too low, BAST goes high, which is read by the
microprocessor via the input port,

The SUPPLY VOLTAGE SWITCH switches +5D off, when this voltage is too
low.

When the power is on, +5D supplies the memories via V1712, V1707
prevents that the batteries are charged by +5D.

When +5D goes too low as the instrument is switched off, V1711 and
V1712 block.

Now the memories are supplied by the battery via V1707. The blocking
diode V1712 prevents that the battery supplies back to +5D.

V1708 will also block, MYSLDWLT will go down, which will deselect the
memories. Their contents will remain.



Signal name list

UNIT A6
Signal name Description Signal Signal
source destination(s)
ABGL.. .26 Address bus @1...20 A6 General
ABBUENLT Address bus enable Ab A6
BAST Battery status AB A6
BATS Battery test A6 A6
BAVO Battery voltage A66 -
BSBU--LT Bus busy A6 Option
BSGROTHT Bus grant output A6 Option
BSRQ--LT Bus request Option A6
CLWR--LT Clocked write Ab Af
DAAK--LT Data acknowledge A6 A6
DAAKBSLT Data acknowledge bus A6 A6
DAHISBLT Data high strobe A6 Al2-A3,A12-A5
DALOSBLT Data low strobe A6 Al2-A3,A12~-A5
DASB--HT Data strobe Ab A6
DATRAKLT Data transfer
acknowledge A3+AS+AB+A8 A6
Data bus P@...15 Ab General
Enable address A6 A6
Function code @... A6 A6
Interrupt level A6 46
Interrupt level A8 -
Interrupt level Ald -
ILP4~-LT Interrupt level Option -
IL@S5--LT Interrupt level A3 -
IL#6--LT Interrupt level A25 -
TLP7--LT Interrupt level @7 A20 -
IPLP...2 Interrupt priority
level §...2 Ab A6
TOSL@3LT 1/0 Select @#3 A6 Al2-Option
I0SLAALT 1/0 Select $4 A6 Al2-Al4
10SLP5LT 1/0 Select §5 A6 Al2-A3
IOSLP6LT 1/0 Select $6 A6 Al2-A25-A26
TOSL@7LT 1/0 select §7 A6 Al2-A25
TOSLPBLT 1/0 Select $8 A6 Al2-A5
TOSLAILT 1/0 Select B9 A6 Al2-Option
IOSLLALT 1/0 Select 10 Ab Al2~Option
LODASBLT Lower data strobe A6 Ab
MASL--LT Master select A6 Option
MYSLBILT Memory select @1 A6 A12-A5
MYSL@2LT Memory select $2 A6 Al2-A4
MYSLA3LT Memory select #3 Ab A12-48
MYSLBALT Memory select @4 A6 Al2-Option
MYSLALHT Memory select all A6 A6
MYSLALLT Memory select all A6 A6
MYSLDWLT Memory select down A6 A12-A4 A)2~AD
RDRO Read ROM A6 A6
RDSB--LT Read strobe A6 A6
RQCL Request clock A6 A6
SLBUENLT Select bus enable A6 A6
SLROG Select ROM § A6 A6
SLRO1 Select ROM 1 A6 A6



Signal name Description Signal Signal
source destination(s)
TCRS--LT TIC reset Ab A6
TIC Timer interrupt clock A6 A6
TSLMA-LT Timing slave to master A6 A6
UPABPL...23 Microprocessor address
bus #1...2 A6 A6
UPADSBHT Microprocessor address
strobe AS A6
UPADSBLT Microprocessor address
strobe Ab Ab
UPCK Microprocessor clock A6 A6
UPCKB8 Microprocessor clock
3 MHz 46 A12-A4,A12-A8
AL2-A3,A12-A9
UPCK16 Microprocessor clock
16 MHz A6 Al2~-A5
Al12-A8
Al2-Al11
UPDASBLT Upper data strobe A6 A6
UPDBHB. . .15 Microprocessor data
bus #¢...15 A6 A6
UPHA--LT Microprocessor halt A6 A6
UPIN--HT Microprocessor input
port A6 A6
YPOT--HT Microprocesser ocutput
port A6 A6
UPRD~-LT Microprocessor read A6 General
UPRDWR Microprocessor
read/write A6 General
UPRSOTLT Microprocessor reset out A6 Al2~-A3
UPWR--LT Microprocessor write A6 General
VAPEADLT Valid peripheral address A6 A6
VAPESLLT Valid peripheral select A6 A6
VBB Voltage battery backup A6 Al2~A5
WD-==~~LT Watch dog Ab+toption A6
WRSB--LT Write strobe A6 A6
Z~MO--XT Z-modulation A6 Al12-A1
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8.7.1 General information

This OPTION 1 slot is reserved for an optional printed circuit board.

An optional printed circuit board in this slot is not available in
standard instruments.

A second slot (OPTION Z) is also available in this instrument {see
section 8.10.1).
NOTE: The first optiom to be installed in this instrument must always

be placed in the OPTION 1 slot. The OPTION 2 slot may only be
used if an option is installed already in the OPTION 1 slot.



UNIT A8

- DPU CONTROL UNIT

A

Rl

o VIEW Wy

CONTENTS

General information
Circuit description
Signal name list...

8.8.1 General information
The DPU control forms together with the DPU (Data Processing Unit) a
fast Data Processor with an instruction cycle time of 125 ns.
The main function of the Data Processor is to accept sample data from
the ADC, to perform calculations on it and to load the data in
register RP of the Display unit (see figure 8.8,1),
ANALOGUE DISPLAY
SAUPLES ME
cam e > ADC MORY
SIONAS oFe0 arce CONTROL
aLpe
(any
] 5P 1AL+ 3]
oTDIAD
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£ LE0P
Dava cNepen
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cHeT D racw | | svoe
H i
. TRRY PO AT TN
CONTROL SIGNALS TO { FROM
MICROPROCESSOR
46)

870105
Figure 8.8.1 Data Processor.



Other functions are:

~ Roll mode:
~ Direct mode:

- p2¢CD mode:

- Random sampling mode:

-~ All modes:

roll effect

digital Min / Max

pretrigger

digital Min / Max

digital leakage correction
linear interpolation
delta-calculation in maximum resolution mode
digital leakage correction
delta-t calculations

flag handling (e.g. overflow)
averaging

Digital leakage correction is explained in chapter 8.33.3.3.
Digital Min / Max is explained in chapter §.33.3.5.

To perform these functions there are lines to the Acquisition Control
Logic on unit A5, the ADC on unit All and the Display Memory + Control

on units A3 and A4,

The Data Processor gets it’s programs for the various modes from the

microprocessor.

When a program is finished or other DPU actions have to be reported,
an interrupt to the microprocessor (IL@2--LT) is generated.

A part of the DPU CONTROL is fitted on unit A4. This trigger address
comparator (TACM) is marked with a dashed square in figure 8.8.1.
Normally it is rather difficult to check the proper operation of the
Data Processor. Therefore it is recommended to use the "DPU test',
which is in the diagnostic software (see chapter 11).

Circuit description

The DPU (unit A9) performs the calculations on the sample data, To be
able to do this, it receives a number of control signals and addresses

from the DPU CONTROL.

These are derived from program words that are stored in the control

memory.

The format of these 32 bit program words is defined as follows:

DR EE w‘mm o
2] 7]s 0

! oUCR

— CxouR1
CKOLRLT

= CKDUR3
RDOURM

% | W

1
1 | CKIR B3
L CKCR

= cKOR

MAT2523
b C30URM 570123

Figure 8.8.2 Program word format.
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bits 8p...06 are the 7 less significant bits of the address
of the next imstruction

bit @7 marks the end of a program

bits #8...11 selects statusbit in case of a conditiomal
Jump

bit 12 if set bits 16...27 are data for the
instruction register

bit 13 if set bits 16...27 are data for the control
register

bit 14 if set bits 16...27 are data for the offset
jump register

bit 15 if set it generates the signal CSDURM for the
DPU

bits 16...27 data for the instructiom register or control

register or offset jump register, depending on
the status of bits 12...14

bits 28,..31 if set they generate respectively the signals
CKDUR1, CKDUR2LT, CKDUR3 and RDDURM for the
DPU.

The control memory may contain one or more programs with a maximum
length of 128 words (7 address bits).

The program which is selected depends on the 4 most significant
address lines (bits $8...11).

The DPU CONTROL consists of the following parts:

address decoder

start/stop logic
status multiplexer
address multiplexer
— control memory
buffer

- pipeline register
instruction register
- control register

- address generator

1

'

The ADDRESS DECODER, which mainly consists of IC D140l, decodes some
address lines from the microprocessor to the select signals
SLOT®...6. Because the logic on this unit is fast enough, the
DATRAKLT signal can go low immediately when MYSL@3LT goes low.

1IC D1424 generates a clock signal for the mode register when SLOT2
goes low. and the SLAB signal when UPSL goes high.

Furtheron this part contains some buffers for clock signals.

The MODE REGISTER (D1418) is an 8 bit latch that latches data from the
microprocessor for the control of the start/stop logic.



The START/STOP LOGIC mainly consists of FPLS D452 (Field Programmable
Logic Sequencer). It generates a number of control signals depending
on the status of it”s input signals.

Three outputs and the output of the status multiplexer are latched by
IC D1458. The: four outputs determine via the address multiplexer the
four most significant address bits of the next imstruction. If output
pin 16 or pin 17 of D1457 goes low IL#2--LT is generated via D1404.
The -microprocessor reads. then via D1423 the status of both outputs,
The going low of pin 16 marks that thé DPU has started to fill display
register R with samples (ROLL mode and DIRECT mode). The going low
of pin 17 marks that the DPU has finished its program.

The STATUS MULTIPLEXER consists of two 1 of 8 multiplexers (D1402 and
D1403), which form together a 1 of 16 multiplexer.

The status signal that is selected is determined by the

SLSSPP. . .03 signals from the pipeline register b.

The ADDRESS MULTIPLEXER (D1409, D141l and D1412) is a 12 bit
multiplexer of which 11 bits are used.

When a DPU program is executed SLAB is low. NXABS@...NX$6 and

four output signals of D1458 are selected. The address of the next
word in the control memory is determined by the 7 less significant
bits of the current word and the signals $S1, IS, CL# and CLL.

When a DPU program is loaded in the control memory by the
microprocessor, SLAB is high. The address where the word is loaded is
determined by the address selected by the microprocessor.

The CONTROL MEMORY is a 2048 x 32 ram. It is built with four 2048 x 8
ram’s (D1426,..1429), SLOT® is the write signal for the lower 16
bits of a word, SLOT1 is the write signal for .the higher 16 bits of a
word.

When a DPU program is executed both are high, which results in the
read status of the ram, The data on the DUIR bus are determined by
the address on the IRAR.

The buffer is a 32 bit buffer (D1413, Di414, D1416 and D1417) between
the microprocessor data bus and the DUIR bus.

It seperates data on both buses when a DPU program is executed,

When a DPU program is loaded, data from the microprocessor are
transferred to the control memory by the SLOT§ and SLOTL signals,
which also control the control memory.

The PIPELINE register is a 32 bit register (D1431...1434), which holds
the current imstruction, while the next instruction is fetched from
the control memory. It is clocked by CKPL, which is generated by the
start/stop logic.

At the outputs of the register the definition of the program word can
be recognized.

The INSTRUCTION REGISTER (D144l + D1442) is a 12 bit latch, that
latches 12 signals for the DPU. It is clocked by CKIR, which is
derived from bit 12 of the program word via D1459.

The CONTROL REGISTER (D1438 + Di439) is a 12 bit latch, that latches
12 signals, which are mainly used on this unit. It is clocked by CKCR,
which is derived from bit 13 of the program word.



The ADDRESS GENERATOR generates addresses for the pretrigger. ram,
the average ram and the flag ram on the DPU.
It consists of the following parts:

- buffer

offset jump register
address register

adder

pretrigger counter
multiplexer

trigger address comparator

[

The BUFFER is a 12 bit buffer (D1421 + D1422), which latches data from
the microprocessor. It is clocked by SLOT4.

When OTDIPR is low the data are put on the DPU address bus

(DUABGG. ..11).

DUABPP is also led to the status multiplexer.

The OFFSET JUMP REGISTER (D1436, D1419 + DL437) comsists of two parts.
If OTENDT is low, D1436 and D1437 latch DUCR@@...ll, which is the
offset jump. D1436 and DI1437 are clocked by CKOR, which is derived
from bit 14 of the program word. The output signals are applied to the
adder.

I1f OTENDT is high DB@8...DBl5, which represent delta-t information

is latched by Di419 on SLOT2. D1437 is reset.

The output signals of D1419 and D1437 are applied to the adder.

Due to the inverter D1406 either the outputs of D1436 or D1419 are
enabled.

The ADDRESS REGISTER (D1443 + Dl444) is a 12 bit latch, which latches
data from the DPU address bus. It is clocked by CKAD. It can be reset
by RSAS--LT.

The ADDER is a 12 bit adder, which adds data from the offset jump
register and the address register. The carry signal (CYAA) is led to
the status multiplexer.

The PRETRIGGER COUNTER (D1453, D1454 + D1456) is a 12 bit presetable
up/down counter.

The preset value is loaded from the DPU address bus by LDPRCNLT. The
counter value is applied to the pretrigger address bus
(PRABA@...11). When all counter bits are "1" TCPRCN is generated

by D1404, It is led to the status multiplexer.

In the direct mode and the roll mode the counter is used as a
pretrigger counter. In the other modes it is used for various
functions,

The MULTIPLEXER (D1449, D1451 and D1452) selects data from the adder
or from the pretrigger counter, The data are applied to the DPU
address bus,

When SLPRAB is low, the data from the adder are selected, otherwise
data from the pretrigger is selected.

Because OTDIPR and OTDIMX are in antiphase (D1406 pin 3 and 4) either
the buffer or the multiplexer writes data to the DPU address bus.

The TRIGGER ADDRESS COMPARATOR is fitted on unit A4. Therefore it is
described in chapter 8.4,



Signal name list

UNIT A8
Signal name Description Signal Signal
source destination(s)

ABP2...12 Address bus $2...12 A6 -
CHPT Channel pointer A5 -
CRAD Clock address register A8 A8
CKCL Clock cycle counter A8 A8
CKCR Clock control register A8 A8
CKDUR1 Clock DPU register I A8 Al2-A9
CKDUR2LT Clock DPU register IL A8 Al2-A9
CKDUR3 Clock DPU register III A8 Al12-A9
CKDU#SLT Clock DPY 8 MHz A8 A8
CKDU16LT Clock DPU 16 MHz A8 A8
CKF Clock flags A8 Al2-A9
CKIR Clock instruction

register AB A8
CKOR Clock offset jump

register A8 A8
CKPL Clock pipeline register A8 A8
cLg...1 Cycle §...1 A8 A8
CNCPCN Count copy address

counter A8 Al2-Ak
[ve] Complement A8 Al2-A9
CSDURM Chip select DPU ram A8 Al2-A9
CYAA Carry address adder A8 A8
CYOT Carry out AY -
DATRAKLT Data transfer

acknowledge AB+AS+AG Al2-A6
DAVA Data valid A5 -
DB@B...15 Data bus @6...15 46 -
DUABSS. ..11 DPU address

bus $6...11 A8 Al12-A9,

Al2-A4

DUCR@S. . .11 DPU control

register #§...11 A8 A8
DUIRSE. . .31 DPU inmstruction

register @@...31 A8 A8
EC End of conversion All -
ENCP Enable copy A8 A8
ENCPSA Enable copy sample A4 -
ENOFD Enable overflow

detection A8 A12-A9
ENPRCN Enable pretrigger

counter A8 A8
FBRY Feedback ready A8 Al2-A9
1L§2--LT Interrupt level @2 A8 Al2-A6
IRARDP...10 Instruction register

address bus $§...1¢ A8 A8
18 Initialisation A8 A8
LDPPRCNLT Load pretrigger counter A8 A8
LEDP Latch enable display A8 Al2-A4
MMPT Min/max pointer A5 -
MYSL@3LT Memory select @3 Ab -



8.8-7

Signal name Description Signal Signal
source destination(s)

NXABGE. . .06 Next address

bus #8...06 A8 48
OEDUBY Output enable DPU §¢ A8 Al2-A9
OEDUSL Output enable DPU §1 A8 Al2-A9
OFDP Overflow display A9 -
OTCM Output comparator A4 -
OTDIAD Output disable ADC A8 Al2-49,

Al2-All

OTDIMX Output disable

multiplexer A8 A8
OTDIPR Output disable

pretrigger A8 A8
OTENDT Output enable delta-t A8 A8
OTLD Output limit detection A9 -
PRABR#S...11 Pre~trigger address

bus #8...11 A8 A8
RDDURM Read DPU ram A8 Al2-A9
RLDP Read sample display A% -
RSAD~-LT Reset address register A8 A8
RSDU--LT Reset DPU AB Al2-A4
RSDUR--LT Reset DPU registers A8 Al2-A9,

Al2-A4

SFSREG Select function shift

register @@ A8 A12-A9
STSRAL Select function shift

register @1 A8 Al2-A9
SLAB Select microprocessor

address bus A8 A8
SLAM Select average memory A8 Al2~-A9
SLOFAD Select overflow ADC A8 Al2-49
SLOT#...6 Select output §...6 A8 A8
SLPRAB Select pretrigger

address bus A8 A8
SLSS@...6 Select status @...6 A8 A8
SP Stop A8 A8
S8 Status A8 A8
8S1 Status 1 A8 A8
STRLF Set real sample flag A8 A12-A9
sYDP Synchronize display A3 -
TCCPCN Terminal count copy

address counter Ab -
TCPRCN Terminal count

pre-trigger counter A8 A8
TKSA Take sample A5 -
TRRY Transfer ready A8 Al2-A5
UPCKP8 Microprocessor clock

8 MHz A6 -
UPCK16 Microprocessor clock

16 MHz A6 -
UPDO Up/Down A8 A8
UPRD--LT Microprocessor read A6 -
UPWR--LT Microprocessor write A6 -
UPSL Microprocessor select A8 A8
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General information

The DPU (Data Processing Unit) forms together with the DPU control
(unit A8) a fast Data Processor. It is recommended to read first
chapter 8.8.1 and 8.8.2 before reading chapter 8.9,2.

Circuit description
The DPU consists of the following parts:

= buffer

- register I

- complementer

-~ adder

- register IIT

~ overflow detection
- reflection suppression
- shift register

- limit detection

- register II
pretrigger ram
average ram

flag ram

flag handler

All these parts, excepted the adder and the overflow detection, are
interconnected via the 16 bits wide DPU data bus (DUDB@S...15).

The BUFFER is a bidirectional data buffer (D1203, D1204 and D1206). To
convert the 12 sample data bits to 16 DPU data bits SADBll is applied
to DUDBLL...15

Ten processed sample data bits (SADBPP...#9) are applied to the
display memory (unit A4).

When OTDIAD is low, data are transferred from the ADC (unit All) to
the DPU. When OTDIAD is high and FBRY or LEDP are high, data is
transferred from the DPU to the display memory.



REGISTER I (D1216 + D1217) is a resettable latch, which is clocked by
CKDURL. It is used for various latching functions,

The COMPLEMENTER (+/-) complements data (D121l...D1214), It is
used for substractions with the adder.
Because the DPU calculates in two’s complement notatiom, after

complemention 1 should be added to get the correct negative number,
This is dome by the GO signal on the carry input of the adder (D1218

pin 7).

The ADDER (D1218, D1219, Bl221,

complementer and register I.
The carry signal at pin 9 of D1222 can generate the CYOT signal via

some logic (D1223).

REGISTER III (D1224 + D1226) is a latch,
result of the adder.

D1222) adds the data from the

that latches the output

It is clocked by CKDUR3.

The OVERFLOW DETECTION (D1231 and associated compoments) latches on
CKDUR3 an overflow bit from D1228 pin 3 and a sign bit from D1222 pin

10 in D1231.

So the two bits belong to the data that is clocked in

register III. The table below shows which overflow is selected:

SLOFAD | ENOFD Overflow from
X 0 always "
0 1 ADDER
i 1 ADC

Via the logic in D1227 the OTDI3 signal enables wether register 3 by
OTEN3-LT or the reflection suppression by OTENRSLT, depending on the
presence of overflow.

D1254 decodes the OEDUPY and OEDUPL signals to register comtrol
signals, which are active when RDDURM is low,

The REFLECTION SUPPRESSION (D1236...D1239) puts data on the DPU data

bus when an overflow occurs, instead of Register III. It consists of a
multiplexer, that selects 0000 0000 0Q0il 1111 or 1111 1111 1100 0000,
depending on the sign bit from D1231 pin 8.
This circuit prevents the arise of reflection of the input signal in
the bottom of the display when high input voltages cause overflow

in the display amplitude.
The same is valid in the top of the display with high negative iaput

voltages.

The SHIFT REGISTER (D1242 + D1243) reads data from the DPU data bus,
shifts them (left or right) and writes them back to the DPU data bus.
This is used for multiplication or division by factors which are a

multiple of 2.
The contents of the shift register can be cleared by RSSK--LT, which
is used to write zeroes to the DPU data bus.
The signals SFSRPE and SFSRP1 determine the function of the
register (shift left or right, load or hold)

The LIMIT DETECTION detects wether DUDB@4. ..
This means that the data on the data bus represents a number that is
between <16 and +16. This is used for some calculationms,

on the clock signal CKSR.

11 are all zero or one.



REGISTER II (D1207 + D1208) is a latch, which is used for the
intermediate storage of calculation results, It is clocked by
CKDUR2LY. When OTDI2 is low, the register writes it”s data to the DPU
data bus.

The PRETRIGGER + AVERAGE RAM consists of two 8Kx8 rams (D1249 +
D1251), forming together an 8Kxl6 ram. The lower address range is used
as a 4Kxl6 pretrigger ram. The higher address range is used as a 4Kx16
average ram,

The addresses for the ram are generated by the address generator on
the DPU control (unit 48).

The highest address bit of the ram (pin 2) determines wether the
gretrigger or the average ram is selected, .

n the pretrigger ram a data word consists of 14 data bits, a real
sample flag bit and an overflow flag bit.

In the average ram a data word consists of 16 data bits.

The FLAG RAM consists of a REAL SAMPLE. FLAG RAM and an OVERFLOW FLAG
RAM, Each consists of a 4Kxl ram (D1252 and D152), which contain the
flags for the data in the average ram.

A real sample flag indicates wether a sample is a real taken sample or
a sample that is obtained by means of interpolation between two real
samples, .

An overflow flag indicates an overflow of a sample. If one or both of
two real samples behind each other have an overflow flag, all
interpolated samples between them have an overflow flag.

The main functions of the FLAG HANDLER (Di241 and Di232...D1234) are
given in the table below,

RDDURM SLAM Function of flag handler
0 0 Write flags (STRFL and STOFF) in pretrigger ram,
1 0 Read flags from pretrigger ram and write flags to
D1233 and/or to display memory (unit A4) via D1232.
[y} 1 Write flags in flag ram (D1252 and D1253). Connect

DUDB14 and DUDBL5 to two MSB”s of average ram
(p1251 pin 18 + 19)

1 1 Read flags from flag rams to D1233 and to
display. Commect two MSB’s of average ram to
DUDB14 and DUDE15.

The circuit consisting of DI233 and the gates behind, gemerates an
overflow flag for interpolated samples if one of the real samples has
an overflow flag.

Note: the overflow flags are not used in this instrument, but they
can be read by an option.




Example of DPU operation

The

following example describes in a simplified way the calculation of

7 interpolated samples between 2 real samples.

It is supposed that:

- a

sweep of real samples is placéd in the pretrigger ram,

- the distance between 2 real samplés is 8 address locations.
- the intermediate locations have to be filled with interpolated
samples.

none of the real samples has an overflow flag.

The next actions are taken by DPU:

1: copy a real sample from the pretrigger ram to register II and
to the shift register.

2: copy the next’real sample to register I.

3: enable the register II outputs and activate CO (complement); the
inverted first sample is applied to the adder.

4: now the adder subtracts the first sample from the second sample.

5: clock the sample difference in register IIT.

6: copy the sample difference to register L.

7: in the meanwhile the shift register has shifted left three times,
which means that the sample value is multiplied by 8.

8: add the shift register contents and the sample difference.

9: clock the result (interpolated sample x8) in register III.

10: copy the contents of register III im the shift register,

11: by the enabled register IIT the next interpolated sample x8 is
offered to the inputs of this register via the adder amnd the
sample difference in register I.

12: clock this next interpolated sample in register III.

13: the shift register shifts right three times; the result is an
interpolated sample.

14: copy the result to the pretrigger ram.

15: repeat steps 10 to 14 another six times for the remaining
caleculations of interpolated samples.

NOTES: - For obtaining maximum accuracy, the sample difference is not

3

divided by 8, but the sample values are multiplied by
- The complex address generation for the pretrigger ram is done
by the address generator on the DPU control.

i
]



Signal name list

UNIT A9
Signal name Description Signal Signal
source destination(s)

CKDUR1 Clock DPU register T A8 -
CKDUR2LT Clock DPU register IT A8 -
CKDUR3 Clock DPU register III A8 -
CKF Clock flags A8 -
CKSR Clock shift register A9 A9
co Complement A8 -
CSDURM Chip select DPU ram A8 -
CSF Chip select flags A9 A9
CcYOT Carry out A9 Al2-A8
DUAB@...11 DPU address

bus 66...11 A9 -
DUDB@P. . .15 DPU databus B@...15 A9 A9
ENOFD * Enable overflow

detection A8 -
FBRY Feedback ready A8 -
LEDP Latch enable display A8 -
OFAD Overflow ADC All -
OFDP Overflow display A9 Al2~A4,

Al2-A8

OTDI2 Output disable DPU

register 1T A9 A9
0TDI3 Output disable DPU

register ITIL A9 A9
OTDIAD Output disable ADC A8 -
OTDISR Output disable shift

register A9 A9
OEDUPH Output enable DPU §¢ A8 -
OEDUM1 OQutput enable DPU $1 A8 -
OTENRSLT Output enable reflection

suppression A9 A9
OTEN3-LT Qutput enable DPU

register IIL A9 A9
OTLD Output limit detection A9 Al2-A8
RDDURM Read DPU ram A8 -
RLDP Real sample display A9 Al2-A4,

A12-A8

RSDUR-LT Reset DPU registers A8 -
RSSR--LT Reset shift register A9 A9
SADBAS. . .11 Sample. data

bus #6...11 A9+A1L Al2-A4
SFSRAG Select function shift

register AB -
SFSRA1 Select functiom shift

register @1 A8 -
SLAM Select average memory A8 -
SLOFAD Select overflow ADC A8 -
STOFF Set overflow flag A9 A9
STRLF Set real sample flag A8 -
UPCK$8 Microprocessor clock

8 MHz



Figure 8,9.1 Unit A9 - DPY UNIT - p.c.b. lay-out.
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8.10.1 General information

This OPTION 2 slot is reserved for an optional printed circuit board.

An optional printed circuit board in this slot is not available in
standard instruments.

4 secon 4 slot {OPTION 1) is also availsble im this imstrument {see
A secona 5100 \OFTLUN 1J 18 8150 &vaiiLguvie in this instrumeni \see
section 8.7.1),

WOTE: The first option to be installed in this instrument must always
be placed in the OPTION 1 slot. The OPTION 2 slot may only be
used if an option is installed already in the OPTION 1 slot.
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8,11.1 General information

The ADC and T&H uniE accepts the samples from one or both input
channels from the PCCD unit and converts these samples into 12 bits
binary codes, which are routed to the DPU (unit A9) for further
digital processing.



8.11-2

8.11.2

Circuit description

The samples come from the »2CCD unit (THINAN) every 2,5 micro
second. They are applied to a T&H gate (D613 and associated
components).

This T&H tracks the input signal continuously until the signal STCV-1
goes high. Now the output of D613 (pin 12) is held at the momentary
value of the imput signal.

Its output voltage goes via a buffer amplifier (V607, V608 and V609)
to another buffer; N601 and associated components.

Via this buffer the signal (THOTAN) goes to the ADC.

This buffer gives a feedback in the track mode (N601 pin 10) to the
T&H gate. It is also a separation between the ADC and the T&H gate.

The signal THOTAN is applied to the ADC,

The ADC starts the conversion on the STAD--HT signal from the ADC
logic. During this conversion the T&H gate is in the hold mode, to
give the ADC a stable input signal.

The ADC output lines ADOTCO...ADOT10 are led to the overflow detection
circuit and to the sample data latch.

Line ADOT1l is buffered by D607, The three buffered lines
ADOT11~1...ADOT11~3 are led to the overflow detection and the code
converter,

The overflow detection detects whether all 11 ADC output signals are
"0" (sample voltage too negative) or "1" (sample voltage too
positive). The outputs (wired or) generate via P609 (pin 12 and 9) the
OFAD signal to T ( A9) to d
during the conversion.

The code converter inverts ADOT11-3 (MSB) to convert the ADC output
from straight binary code to two’s complement code.

This two’s complement code is latched by the sample data latch and
afterwards applied to the DPU by the OTDIAD signal from the DPU.

The ADC logic generates the control signals from the UPCK16 signal.
Figure 8.11.1 shows the timing diagram,

62,805
el 625ns ! 187505 '

wpekis LML M AL L UL T LU
sTCv TRACK ROLD L
STAD--HT CONVERSION -

H
LATE TYPREVIOUS SAMPLE X
OFAD

[ I

oT0180 T
SAMPLE GATA VALID
MAT2503
851272

Figure 8.11.1 Timing diagram of the ADC and T&H unit.

NOTE: The STCV signal is derived from the CKCDOC-1 signal on unit
A33. The CRCDOC-1 signal is derived from UPCK16 on unit A5. So
there is a determined time relationship between the STCV signal
and the other control signals on this unit.
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8.11.3

Signal name list

8.11-3

UNIT All
Signal name Description Signal Signal
source destination(s)

ADOT#. . LADOTLL ADC out $8...11 All All
ADOT1I-1...11-3 ADC out 1i-1..,11-3 All All
EC End of conversion All Al2-A8
OFAD Overflow ADG All Al2-A9
OTDIAD Output disable ADC A8 -
SADBRS...11 Sample data bus ##,..11 All+A9 Al2-A9
STAD--HT Start ADC All All
STAD--LT Start ADC All All
STCV Start conversion A33 -
THINAN Track & Hold in analogue A33 -
THOTAN Track & Hold out

analogue All All
UPCK16 Microprocessor clock

16 MHz A6 -
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Figure 8.11.2 Unit ALl - ADC + T&H UNIT - p.c.b. lay-out.
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8.12.2 Detailed information 8.12-1
8.12.3 Primary bus (CCU-bus) 8.12-2
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8.12.1  General information

The function of the motherboard unit is to intercomnect the various
plug-in units with each other as well as with the rest of the system.

8.12,2 Detailed informatiom E

Wo active components are mounted on this board.

Each plug-in unit is provided with ome or two (three row) 96-pole EURO-
connectors, One comnector is used for the primary or CCU (Central
Control Unit) - bus. The other connector is used for the so-called
secundary - bus,

GOMPONENT SIDE

C !

1
el

T T

SESUNDARY FRMARY BUS
BUS fecu- aus;

MaT2L7s
pat

Figure 8,12.1 EURO-connectors.
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8.12.3

Primary bus (CCU-bus)

This is a description of the pin lay out for the counectors of the CCU-

bus on the motherboard,

MOTHERBOARD Al2 —--—-> UNIT

X504 - X2301

%507 - x2101

X509 - X2002

X512 - X1801

X513 - X1701

X516 b S

X518 X1401

X521 X1201
b SN

ROW A ROW B

1 +50D 1 +5D

2 UPCK@S 2 D

3 D 3 D

4 - 4

5  MYSLDWLT 5

6 VBB 6

7 BAVO 7

8  ABP1 * R502/2 8  AB@8

9 ABf2 # R502/3 9  ABf9

10 ABS3 # R502/4 10 ABL#

11 AB@4 * R502/5 11 AB1l

12 ABBS * R503/2 12 ABl2

13 AB@6 * R503/4 13 AB13
14 AB@7 * R502/7 14 ABl4
15 TIOSL@3LT +# R503/5 15 ABl5

*

16 IOSL@4LT * R501/2 16 ABl6
17 TOSLESLT * R50i/4 17 AB17
18 TIOSLP6LT * R504/3 18 AB1S
19 TOSL@7LT * R504/4 19 ABI9
20 TIOSL@BLT * R504/6 20 AB2§
21 I0SL@9LT * R501/6 21 AB21
22 TOSLIGLT * R501/7 22 -

23 ILP1--LT 23 -

24 IL@2--LT 2% -

25 IL@3--LT 25 -

26 IL@4—-LT 26 -

27 LL@5--LT 27 -

28 ILP6--LT 28  WD----LT
29 ILP7--LT 29 -

30 A 30 A

31 -7V 31 -7V
32 47TV 32 47V

* TERMINATED WITH R.../PINNUMBER

MYSL@LLT
MYSL@2LY
MYSL@3LT
MYSL@4LT

E Rk E ok % K % k% R E X bk b d kX

* %

R506/2
R506/3
R506/4
R506/5
R506/6
R506/7
R506/8
R506/9
R502/6
R503/3
R502/8
R502/9
R503/9
R501/3
R504/2
R501/5
R504/5
R504/7
R504/8

R504/9
R501/8

UPRSOTLT
DATRAKLT
DALOSBLT
DRAY
DBAL
DBY2
DBP3
DBP4
DBHS
DB#6
DBE7
DBA8
DBA9
DBi@
DBL1
DBL2
DBL3
DBL4
DBL5
DAHISBLT
UPRD--LT
UPWR--LT
Z-MO--XT
A

-7V

+7 Vv

*

Sk k% ok % % k& ok b F F ok H % % % o

R508/2
R508/3
R508/4
R508/5
R508/6
R508/7
R508/8
R508/9
R503/6
R503/7
R503/8
R507/2
R507/3
R507/4
R507/5
R507/6
R507/7
R507/8
R507/9
R501/9
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Descriptiou of the CCU-bus signals

al, bl and-cl

a3, b2, b3 and ¢3
230, b30 and ¢30
a31l, b3l and c31
a32, b32 and c32

a2
ab

ab
a7
a8

alb

a23 ...

b4

bé
b7

b8 ...

b22

b23

b24

b26

b27

b28

c2

c8

c9

clo ..

e27

c28
c29
c30

. ald
ve. 222

a29

b21

. e25

: 5 V digital

: Ground of the digital 5 V

: Analog earth

: Analog -7 V

: Analog 7 V

: 8MHz processor clock

: Memory select down. This line indicates that the

chip select of the RAM’s must be disabled on
battery back up.

: Voltage for the battery back up RAM’s
: Battery voltage
: Lowest 7 address limes

I/0 select lines for the selection of the
input/output ports

: Interrupt level lines. The sequence is as

follows:

JLO1--LT --> 40 ms interrupt

IL02-~LT -~> DPU interrupt increasing
IL03--LT --> rotary interrupt priority

IL04=-LT --> option interrupt
IL05~-LT --> display interrupt
IL06--LT --> delta-t interrupt
IL07--LT --> power down interrupt

: Memory select for the microprocessor RAM

: Memory select for the display memory

: Memory select for the DPU programm memory

: Memory select for the options

: Address lines 8 ... 21

: Bus request. Indicates that a new master asks

for the CCU bus.

: Bus grant input. Input for the bus grant

selection daisy chain.

: Bus grant output. Output for the bus grant

selection daisy chain.

: Bus busy. Indicates that the bus can be used by

the new master.

: Master selected. The new master indicates with

this line that he accepted the bus.

: Watch dog trigger line. Masters can trigger the

watchdog via this line.

16 MHz clock from the microprocessor unit,

: Microprocessor reset output.
: Data transfer acknowledge. This is an open

collector line on which units, which are
addressed via MYSLOl ... MYSLO4, can
indicate that the data on the data bus is
accepted or stable.

: Data lower strobe. With this line active, the

lowest 8 data bus lines can be used for read or
write actioms.

: Databus
: Data higher strobe. With this line active, the

highest 8 data bus lines can be used for read or
write actions.

: Microprocessor read.
: Microprocessor write.

Z modulation frequency of 200 kHz.



8.12-4

8.12.5 Secundary bus

MOTHERBOARD Al2 ---> UNIT Al

X502 w—wmm i > X2501

ROW A ROW B ROW C

1 - 1 1 Z-MO--XT
2 - 2 2 ANCPY-HT
3 - 3 3 ANEPY-HT
4 - 4 4  DPTR--HT
5= 5 5  DIOS--HT
6  +5D 6 6  Z-BL--HT
7= 7 7 A

8 -7 8 8  VREPX2
9 - 9 9  VREPXL
10 +7v 10 10 A

11 A 1 11 X2IN

12 100V 12 12 X1IN

13 A 13 13 A

14 4ov 14 14 Y2IN

15 A 15 15 Y1IN

16 +19V 16 16 A

17 A 17 17 -

18 -19v 1 18 -

19 A 19 19 -

20 +14v 20 20 -

21 A 21 21 -

22 ~14V 22 2 -

23 - 23 23 -

24 - 24 2% -

25 - 25 25 A

26 - 26 26 A

27 - 27 27 -

28 - 28 28 -

29 - 29 29 SAPL

30 - 30 30 PLZEOT
3L - 31 31 PFPY

32 - 32 32 PU-—--LT



8.12-5

MOTHERBOARD Al2 ---> UNIT A2

X503 —=mmmmmmmmm—m > %2302

ROW A ROV B ROW C

1 LEDA--HT 1 1 LEDA--LT
2" WRHOPOLT 2 2 VEDBA9

3 WRVEPOLT 3 3 - VEDB1#
- 4 4 VEDBIL

5  DPTR--HT 5 5  VEDBl2

6  DIOS--HT 6 6 EPY-0f

7 ENTRHOLT 7 7  EPY-f1

8  EPX-P¢ 8 8  IVDCDB

9  EPX-@l 9 9  ENTXLNLT
10 DCDBJ2 10 10 EPDBOP
11 DCDBHS 11 11 EPDB#L
12 DCDBHS 12 12 EPDB#2
13 DCDBB& 13 13 EPDBA3
14 DCDB@3 14 14 FEPDBB4
15 DCDBA7 15 15 EPDBE5
16 DCDBAL 16 16 EPDBR6
17 DCDBES 17 17. EPDB@7
18 EP12--LT 18 18 EPDB@S
19 EPHOl4 19 19 EPDBHY
20 VREPX2 20 20 EPDBLY
21 YREPXL 21 21 EPDBIL
22 22 22 CKEPVE
23 23 23 DCDBR9
24 24 24 DPRJ

25 25 25 ~

26 26 26 WRHOVRLT
27 27 27 DJAC—-HT
28 28 28  SMACVELT
29 29 29  SMACHOLT
30 30 30 +7V

31 31 31 414V

32 32 32 A




MOTHERBOARD Al2
X506

)
Q
£

e R N RN

P

OETX~-LT
RDDM--LT
LEDA~-HT
LEDA--LT
VEDEB@9
VEDB1#
VEDB11
VEDB12
EPY-§§
EPY-§1
1VDCDB
ENTXLNLT
EPDBAY
EPDBAL
EPDBH2
EPDB#3
EPDB@4
EPDB@5
EPDB@6
EPDBB7
EPDB8
EPDBE9
EPDB1§
EPDBLL
CKEPVE
DCDBB9
DPRJ
DJAC--HT
SMACHOLT
SAPL
PFPY

CSTX--LT
DITXTR
DRTXTR
DPAB@9
WRHOPOLT
WRVEPOLT
ANCPY-HT
ANEPY-HT
DPTR--HT
DIOS~-~HT
ENTRHOLT
EPXGP
EPX#1
Z-BL-HT
DPABRS
DAAK--~HT
WETRP1LT
OETRALILT
TRAB13
DIDBTX
DISVLA
EP12~--LT
EPHO14
EPX-f2
DCDB11
Z-0TH3
WRHOVRLT
SMACVELT
SLTRIHLT
PLZEOT
PY----LT

g
=
o

WOV LN

WETX--LT
DAAK--LT
DPABL1
TXABL3
DAPB@S
DPABL$
OETRP2LT
WETR@2LT
DPABG®
DPAB@3
DPABG2
DPAB@L
CLUPAB
DPABB7
DPAB@6
DPAB@4
CPABSY
MXCPAD
CKSVLA
CLDPAB
LEDC
DCDBIS
SARYAKLT
DCDBL4
DCDBL3
DCPB12
SARY
DCDBLY
SLTR2LLT
SLTR2HLT
SLTRILLT
SYDP



MOTHERBOARD Al2 ——-> UNIT A4

X508 ———mmmmmmmmee > X2001
ROW A ROW
1 WETX--LT 1
2 DAAK--IT 2
3 DPABIL 3
4 DPABPS 4
5  OETR@ILT 5
6  SADBP6 6
7  SADB@3 7
8  SADBAL 8
9  DPABAG 9
10 SADB@Y 10
11 DPAB#6 11
12 DPABPL 12
13 CPAB#O 13
14 MXCPAD 14
15 RSDU--LT 15
16 DIDBTX 16
17 DUABS9 17
18 DCDBAY 18
19 DCDBR4 19
20 DCDBH7 20
21 DpepBAL 21
22 DCDB@S 22
23 DUAB@6 23
24 SADBl2 24
25 SADBl4 25
26 ©DCDB13 26
27 DCDB1L 27
28 DCDB1$ 28
29 SLTRILLT 29
30 SLTR2HLT 30
31 - 31

32 - 32

El

CSTX-~LT
DITXTR
DRTXTR
DPABS9
WETRB2LT
DPABG3
DPABH2
DPABS1
CLUPAB
DPABS7
DPAB@S
DAAK~--HT
WETRB1LT
TRAB13
CKSVLA
CLDPAB
DISVLA
DCDBH2
DCDB#S5
DCDBA3

DUABAD
DUARS2

DUAB@4
SADB13
SADB15
SARYAKLT
DCDB14
DCDBA6
SARY
OTCH
SLTRIHLT
SLTRILLT

8.12-7

g
=
o

N R R Ry T

OETX--LT
RDDM~~LT
TXAB13
DPAB1#
SADB@7
SADB@S
SADBP4
SADB@
SADBO@
OFpP
SADBES
TCCPCN
OETRA1LT
RLDP
CNCPCN
DUAB@E
DUAB11
DUABLS
LEDC
DUAB#G
DUABSL
DUAB@3
DUAB#S
DUAB§7
DCDB15
DCDB#9
DCDB12
ENCPSA



8.12-8

MOTHERBOARD Al2 -—-> UNIT A5

X511 mmmmmemnm oo > X1802

ROW A ROW B ROW €

1. SHIELD 1 1 CK1689
2 CKCDOC 2 2 -

3 SHIFLD 3 3 -

4 TKSA 4 4 -

5 - 5 5  SADBS7
6  SADB@6 [ 6  SADB@S
7 - SADB@3 7 7  SADBG4
8  SADBAL 8 8  38ADB@2
9  OFDP 9 9  SADBGS
10 SADB@9 10 10 SADBI1#
11  SADB@S 11 11 MMPT
12 mMPTAl 12 12 CHPT
13 cHPTAL 13 13 SADB11
14 RLDP 14 14  SHIELD
15 SHIELD 15 15 sTCY
16  SWCKP1 16 16 SHIELD
17 SHIELD 17 17 SCEV--HT
18 SYSWIBLT 18 18 SHIELD
19  SHIELD 19 19 TCEV--LT
20 RSMN 20 20 SHIELD
21 RSMX 21 21 TRRY
22 SHIELD 22 22  TDLD
23 ETCK 23 23 HDOF--LT
24 ZECH 24 24 STSW
25  CPRD 25 25 RSSW
26 - 26 26 TDUF
27 -l4v 27 27 D

28 A 28 28 -

29  +14v 29 29 DAVA
30 +19v 30 30 -

31 A 31 31 LEDP

32 -19v 32 32 FBRY



8.12-9

MOTHERBOARD Al2 ---> UNIT A7
X514 - -=> X....

ROW A ROW B ROW C
1 TKSA 1 1 TKSA

2 - 2 2 -

3 SADB@6 3 3 SADB@6
4 - 4 4 -

5 - 5 5 -

6 - 6 6 -

7 - 7 7 -

8 - 8 8 -

9 - 9 9 -

10 - 10 10 -

11 MMPT 11 11 MMPT
12 - 12 12 -

13 TCCPCN 13 13 TCCPCN
14 - 14 14 -

15 ONCPCN 15 15 CNCPCN
16 RSDU--LT 16 16 RSDU--LT
17 - 17 17 -

8 - 18 18 -

19 - 19 19 -

20 - 20 20 -

21 TRRY 21 21 TRRY
22 - 22 22 -

23 - 23 23 -

24 - 24 26 -

25 - 25 25 -

26 D 26 26 -~

27 D 27 27 -

28 - 28 28 -

29 -9V 29 29 +19 v
30 - 30 30 -

31 LEDP 31 31 LEDP



8.12-10

MOTHERBOARD Al2 ~---> UNIT A8

X517 ~m—mmmmmmmmmas > X1402

ROW A ROW B ROW. C

1 TKSA 1 1 -

2 - 2 2 EC

3 - 3 3 CKDURL
4 - 4 & -

5 - 5 5 -

6 - 6 6 -

7 - 7 7 -

8 - 8 8 -

9 OFD? 9 9 -

10 - 10 10 -

11 MMPT 11 11 SFsRfl
12 CHPT 12 12 SFSRP@
13 TCCPCN 13 13 co

14 RLDP 14 14 OTLD
15 CNCECN 15 15 STRLF
16 RSDU--LT i6 16 DUAB#S
17 DUABP9 17 17 DUABIL
18 ENOFD 18 18 DUAB1P
19 - 19 19 RSDUR-LT
20 TRRY 20 20 DUABA®
21 DUABS2 21 . 21 DUABG1
22 DUABG4 22 22 DUABS3
23 DUABS6 23 23 DUAB@S
24 CYOT 24 24 DUABG7
25 LEDUR2 25 25 CKF

26  CKDUR3 26 26 RDDURM
27 CSDURM 27 27 SLOFAD
28 SLAM 28 28 ENCPSA
29 OEDURY 29 29 OTDIAD
30 oTCeM 30 30 DAVA
31 OEDURL 31 31 LEDP

32 sYDP 32 32 FBRY



MOTHERBOARD Al2

X519

g
bt

WO N DU W N

>

CKDURL
SADBP6
SADB®3
SADBAL
OFDP
SADBPY
SFSRP1
SFSREP
co
OTLD
DUAB@Y
ENOFD
RSDUR-LT
DUARS2
DUAB@4
DUABS6
CYOT
CKDURZLT
CKDUR3
CSDURM
SLAM
OEDUBH

OEDU#1L
FBRY

ROW B

D00 O U B L R

SADB@7
SADB#S
SADBf4
SADB#2
SADBGS
SADB1#
SADB@S
SADB11
RLDP
STRLF
DUAB@8
DUABIL
DUAB1#
DUABG®
NUARGL
DUAB@3
DUABPS
DUAB@7
CFK
RDDURM
SLOFAD

OTDIAD

LEDP
QFAD



8.12-12

MOTHERBOARD Al2 ---> UNIT AlO

X522

8
£

O 00N OB W N

SADBP6
SADB@3
SADB@L

+14 v
+19 v

~19 v

> X....

g
=
o

O 0oL W

SADBH7
SADB@S
SADBG4
SADBB2
SADBGY
SADB1B

SADBLL
D

D



8.12-13

MOTHERBOARD Al2 -—-> UNIT All

K524 ———smmmmmmmaee > X607

ROW A ROW B ROW C

1 - 1 1 -

2 - 2 2 -

3 - 3 3 -

4 - 4 4 -

5 EC 5 5  SADB@7
6  SADBP6 6 6  SADB@S
7  SADBB3 7 7  SADBG4
8  SADEPL 8 8  SADB@2
9 - 9 9  SADBA®
10 SADB@9 10 10 SADBLS
11 - 11 11 SADB@S
12 - 12 12 -

13 STCV 13 13 SADBI1
14 D 14 14 D

15 - 15 15 UPCK16
16 +5D 16 16 +5D

17 - 17 17 -7V
18 - 18 18 -

19 - 19 19 -14 v
20 - 20 20 +l4V
21 - 21 21 -19 vV
22 - 22 22 +19V
23 - 23 23 -

24 - 24 24 A

25 - 25 ‘25 A

26 - 26 26 -

27 - 27 27 -

28 - 28 ©o28 -

29 - 29 29 OTDIAD
30 - 30 30 -

31 - 31 31 -

32 - 32 32 QFAD
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8.12.6 Additional connectiouns

MOTHERBOA