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1-2 SAFETY INSTRUCTIONS

1.5 IMPAIRED SAFETY
Whenever it is likely that safety has been impaired, the instrument must be turned off and
disconnected from all external voltage sources, and the batteries must be removed. The matter
should then be referred to qualified technicians. Safety is likely to be impaired if, for example, the
instrument fails to perform the intended measurements or shows visible damagse.

1.6 GENERAL SAFETY INFORMATION

WARNING: Removing the instrument covers or removing paris, except those to which
access can be gained by hand, is likely to expose live parts and accessible
terminals which can be dangerous to life.

The instrument must be disconnected from all voltage sources and batteries must be removed before
it is opened.

Capacitors inside the instrument can hold their charge even if the instrument has been separated

from all voltage sources and batteries are removed. Components which are important for the safety
of the instrument may only be replaced by components obtained through your local FLUKE/PHILIPS
organization. These components are indicated by an asterisk (*) in the parts list section (chapter 9).



CHARACTERISTICS

2

2.1

2.2

CHARACTERISTICS

A. Performance Characteristics
- PHILIPS and FLUKE guarantee the properties expressed in numerical values with stated
tolerance. Specified non-tolerance numerical values indicate those that could be nominally
expected from the mean of a range of identical instruments.

- For definitions of terms, reference is made to IEC Publication 351-1.

- The accuracy of all measurements is within £ {(% of reading) *(one least-significant digit)}

from 18C to 28C.

Add 0.1 x (specified accuracy)/C for < 18C or > 28C ambient.

B. Safety Characteristics

The instrument has been designed and tested in accordance with IEC Publication 348, Safety
Requirements for Electronic Measuring Apparatus, and has been supplied in a safe condition. This
manual contains information and wamings that must be followed by the user to ensure safe operation
and to keep the instrument in a safe condition.

DISPLAY
CHARACTERISTICS SPECIFICATIONS ADDITIONAL INFORMATICN
» Type LCD

+ Useful Screen Area

Resolution

+» Contrast Ratio

+ Backlight (Model 97 only)

84 mm x 84 mm

240 x 240 pixels

Electro Luminescence

SIGNAL ACQUISITION

+  Sampling Type
@ 1 ps/div...60s/div

@ 10 ns/div...500 ns/div

+  Maximum Sample Rate

= Maximum Vertical
(voltage) Resolution

+ Maximum Horizontal
(time) Resolution

« Record Length
With capture 20 div
With capture 10 div

Real Time
Quasi Random
25 MS/s

8 bits

25 Samples/div

512 Samples
256 Samples

1 div equals 25 pixels.
1 div equals 8.75 mm,

Adjustable via LCD Menu.

Sampling Rate depends on time/div
setting.

Over 10 divisions.

Per Channel.

Per Channel.
Per Channel.



CHARACTERISTICS

2.3

ADDITIONAL INFORMATION

CHARACTERISTICS SPECIFICATIONS
+ Acqguisition Time
(for 20.4 div)
60s/div...1 ps/div 20.5 x time/div + 140 ms
500 ns/div...10 ns/div 20.5 x time/div + 120 ms
+ Sources Channel A
Channel £ B
mV Input
+ Acquisition Modes 1 Channel Only
2 Channels
CHANNELS A & B
+ Signal Inputs Isolated BNC
Common Input Black Safety Banana Jack
+ Input Impedance
R parallel 1MQ+1%
C parallel 25 pF
MAX. INPUT
IMPEDANCE

100M(2 ; | { |

1MEQ

100k

10k82

1hiz

1000 !
1k 10k 100k M 10M 100M

Figure 2.1 Max. Input Impedance Versus Frequency

Excluding delay time.

Delay time is the selected trigger
delay.

Excluding delay time.

In Quasi-Random Mode, the
acquisition time depends on
triggers.

CHAN A, CHAN B
Chopped Made from
60s/div...50 ps/div.
Alternating Mode from
20 ps/div... 10 ns/div.

Signal input BNC commons are
connected together.

Part of External Trigger Input.

Frequency dependent, see
Figure 2.1.

For DC coupled input. For AC
coupled input or GND, add 22 nF in
series with R and C parallel.

FREQUENCY (Hz)

TR



CHARACTERISTICS

CHARACTERISTICS SPECIFICATIONS ADDITIONAL INFORMATION

+ Input Coupling AC DC GND Sequence: ac-dc-GND (pre-charge
ac), and back to ac.

* Maximum Input Voltage 300V Frequency dependent see fig. 2.2

(rms)

MAX. PEAK
VOLTAGE

425

10

1k 10k 100K

M 10M 100M

FREQUENCY (Hz)

Taire

Figure 2.2 Max Input Voltage Versus Frequency

» Deflection Coefficient

Steps

Steps
Error Limit

Overall
Nonlinearity

+ Dynamic Range
+ Position Range
{move control)

+ Frequency Response

Lower Transition Point
of Bandwidth

DC Input Coupling
AC Input Coupling - 3dB

Upper Transition Point
of Bandwidth

1 mV/div...2 mV/div
(Models 95 and 97 only)

5 mV/div...100V/div

+ (2% + 1 digit)
+ (2% + 1 digit)

9.5 div
4 div

- 4 div...+ 4 div

DC
<10 Hz

> 50 MHz (-3 dB)

Between BNC inner and outer
contact. Outer BNC contacts and
Ground (Black) Banana Jack are
internally connected together.

Only for repetitive signals and
timebase 60s...1us. If one of the
channels is in this sensitivity, both
channels will be switched to
Average = 4.

In a 1-2-5 sequence of 14 positions.
Add 3% for 1 mV and 2 mV
per IEC 351 for frequencies

<1 MHz.

for frequencies < 10 MHz.
for frequencies up to 50 MHz.

Z source = 500

< 1 Hz including 10 M probe.

Subtract 5 MHz for < 18 °C
and > 28 °C Ambient.
Rise time 7 ns.



CHARACTERISTICS

2.4

CHARACTERISTICS

SPECIFICATIONS

ADDITIONAL INFORMATION

Max. Baseline Instability

Jump

Average
(Models 95 and 97 only)

Maximum Constant
Constant in Roll

MIN MAX
(Models 95 and 97 only)

Timebase setting
Pulse-width for 100%
Probability
Pulse-width for 25%
Probability

ZOOM
{Modeis 95 and 97 only)

Range for Delay

TIMEBASE

*

L

Modes

Ranges

Recurrent

Dual Channel Chopped
Dual Channel Alternate

Single Shot

Roll Mode

Maximum Timebase Error

0.1divori mv

256x

10x

=1 ps/div
40 ns

10ns

< 640 div

Recurrent
Single Shot
Roll

S5s/div...10 ns/div

5s/div...50 ps/div

20 ps/div...10 ns/div

5s/div...10 ns/div

60s/div...10s/div

+0.1% £ 1LSB

The baseline is automatically
readjusted after switching the
attenuator or AC/DC/GND.

Running Average.

Channel A only.

Expansion or compression in 1,2,5
sequence around the 4th division.

Automnatic selected.

Every sweep needs a trigger.

A sweep first; B sweep arms
automatically.

For 500 ns, 200 ns, and 100 ns; an
automatic interpolation takes place.
Chopped.
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2.5

CHARACTERISTICS

SPECIFICATIONS

ADDITIONAL INFORMATION

TRIGGER

Sources

Channel A Signal
Channel B Signal
External Trigger Input

External Trigger Input
Connector

External Trigger Input
Impedance

R parallel
C parallel
Trigger Error

Voltage Level

Time Delay

Maximum External Trigger
Input (rms)

Trigger Sensitivity

Channel A or B
@ 100 MHz

@ 60 MHz

@ 10 MHz

External Trigger Input
Trigger Slope Selection
Trigger Level Control
Range

Channel A or B

Trigger at 50%
External Trigger Input

CHAN A
CHAN B
EXT

Dual Safety Banana Jack

1MQ+1%

25 pF

+1LSB
+ 0.5 div

+1LSB+5ns

300 V

< 4 div
< 1.5div
<0.5div

positive going
negative going

+ 4 div
0.5 x peak/peak value
Fixed @ TTL:10

Selected indepandently.

External Trigger Input common
(low) jack is electrically
connected to the Channel A and
Channel B commons (outer
contact of BNC’s).

It used for mV DC > 1 MQ.
Including Banana to BNC adapter.
For frequencies < 1 MHz.

bs/div...50 us/div.
20 us/div...10 ns/div.

Frequency dependent, see fig. 2.2

For Models 95 and 97, values must
be multiplied by 5 in 2 mV/div. and
1 mn/div.

TTL logic compatible using 10:1
attenuation Probe.

Measured during 20 ms.
Switchable to TTL via set-up menu.



CHARACTERISTICS

2.6

2.7

2.8

CHARACTERISTICS

SPECIFICATIONS

ADDITIONAL INFORMATION

N-cycle mode

(Models 95 and 97 only)
5s/div...1 ps/div, N=
Events (5s/div...1 ps/div)
Trigger Delay

Range

2..255

1...1023

- 20...640 div

For timebase settings from

20 ps/div...1 ps/div acquisition and
trigger on Channel A only.

Start via Ext; count with channel A.

SIGNAL MEMORY (MODELS 95 AND 97 ONLY)

»

Signal Memory Size
Memories

Memory Depth
Wordlength

Functions

TRACE DISPLAY

-

*

SETUP MEMORY (MODEL 95 ONLY)

w

Sources

Position range

Horizontal
Vertical

Memory Size

8

512 words
B Bit
Store

Save

Channel A
Channel B
A+B
AvsB

Memory #1 up to #8

+ 4 div...- 16.5 div
- 4 div...+ 4 div

8 maximum

Memory #1 up to #8.

Storage of signals.
Contents of Channel A and
Channel B are saved in temp

memory #1 and #2, and (A + B) in
temp memory #3.

A Maximum of 4 traces plus A vs B
can be selected.

(Models 95 and 97 only).

From screen center, select per
trace.

Combined with waveform.



CHARACTERISTICS

2.9

CHARACTERISTICS

SPECIFICATIONS

ADDITIONAL INFORMATION

SETUP MEMORY (MODEL 97 ONLY)

+ Memoery Size

* Functions

With soft up/down keys

+ |nitial setup
selection of AUTO SET

trace identification
trigger identification
trigger sensitivity external
Clear after Hold/Run

refresh time @ RECORD
in scope mode

10 maximum

Save

Delete

Recall

MNext

Pravious

only Amplitude
only Time
Time and Amplitude

on/off
on/off
0.2v/2v
on/off

infinite

2 seconds
5 seconds
10 seconds
60 seconds

Front Panel setups.

Actual front panel settings are
stored in memaory, replacing
contents of memory location
indicated on LCD.

Contents of memory location
indicated on LCD are deleted.

Actual front panel settings are
replaced by contents of memory
location indicated on LCD.

Actual settings are replaced by
contents of the next (+1) memory
location indicated on LCD.

Actual settings are replaced by
contents of the previous (-1)
memery location indicated on LCD.



2-8 CHARACTERISTICS

CHARACTERISTICS SPECIFICATIONS ADDITIONAL INFORMATION
2.10 CALCULATION FACILITIES (MODEL 95 ONLY)

+ Measurement Functions Maximum of 5 simultaneous
measurement functions.
delta V 3
delta t
RMS value

Mean (Average) value
Peak to Peak value
Rise or Fall time
Frequency

1+deltat

Maximum value
Minimum value

s of portion between portion.

Phase

Trigger time to cursor J

Ratio Expression of value in % or
absolute on any one of the above
values.

211 CALCULATION FACILITIES (MODEL 97 ONLY)

+  Measurement Functions Maximum of 5 simultaneous
measurement functions.

delta V )
delta t

RMS value

Mean (Average) value
Peak to Peak value
Rise or Fall time
Frequency

1+ deltat

Maximum value
Minimum value

+ of portion between portion.

Phase

Trigger time to cursor J

Ratio Expression of value in % or
absolute on any one of the above
values.

= Mathematics Multiplication

Add of whole memory or Channel.

Subtract For timebase settings

Filter 20 ps...10 ns, only displayed

Invert Channels can be used.

Integrate
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2.12

2.13

CHARACTERISTICS

SPECIFICATIONS

ADDITIONAL INFORMATION

CURSORS (MODELS 95 AND 97 ONLY)

+ Horizontal
Display Resolution
Digital Readout Resolution
Error Limit
Cursor Range
+ Vertical
Display Resolution
Digital Readout Resolution

Error Limit

MULTIMETER

25 parts per div
3 digits
+0.1% + 1 LSB

Visible part of signal

25 parts per div
3 digits

+ 2%

Cursors cannoct pass each other,

Referred to input at BNC or Probe
tip, after Probe recalibration.

The Muitimeter uses the Channel A input for VDC & VAC measurements and the Safety Banana Jack
Inputs for Resistance, Diode Test, Continuity, and DC mV measurements. An internal reference is
used to optimize the accuracy of the Channel A Input and any probes used. The accuracy of all
Multimeter measurements is within + {(% of reading) + (number of least-significant digits)} from 18 °C
to 28 “C with relative humidity up to 80% for a period of one year after calibration. Add 0.1 x (specified
accuracy)/C for 18 °C or 28 °C Ambient,

- Displayed range include used probe, if calibrated.
- Values listed are without attenuating probe.

- AVrms AC and V DC dual display mode is optimized for power line (mains) related

measurements.
« DC Voltage

Ranges

Resolution

Accuracy
Digital Display
Display update
Response Time
Zeroing

Series Mode Rejection
Ratio

300 mV, 3V, 30V & 300V

0.1 mV, 1 mV, 0.01V,
& 0.1V

+ (0.5% + 5)
3000 counts
< 300 ms

< 3.55
automatic

>50dB @ 50 Hz
or 60 Hz

Manual or automatic ranging on
peak voltage. High Voltage x10
Probe extends measurement to
600V. Peak voltage is 2.5x range,
except 375V in 300V range.

Multiply x10 with High Voltage
Probe.

Up to 4500 counts, 3500 counts in
300V range.



CHARACTERISTICS

CHARACTERISTICS SPECIFICATIONS ADDITIONAL INFORMATION
+» AC Voltage

Ranges 300 mV, 3V, 30V, 250V Manual or automatic ranging on
peak voltage.

High Voltage x10 Probe extends
measurement to 600V. Peak
voltage is 2.5x range and 375V in
250V range.

Resolution 0.1 mV, 1 mV, 0.01V, 0.1V Multiply x10 with High Voltage
Probe.

Accuracy (AC Coupled) Valid from 5%..100% of range.

Using High Voltage 10:1

Probe

50 Hz...60 Hz + (1% + 10)

20 Hz...20 kHz + (2% + 15)

5Hz...1 MHz + (3% + 20)

Accuracy (DC Coupled)

Using High Voltage 10:1

Probe

50 Hz...60 Hz + (1% + 10)

1 Hz...20 kHz + (2% + 15)

Crest Factor Meter prevents crest factor errors
by autoranging on input waveform
peaks.

Digital Display 3000 counts Up to 4500 counts,
at 250V range: 2500.

Display Update < 300 ms

Response Time

@ Input freq >50 Hz < 3.55

SMOOTH <10s
FAST <1s
DC Common Mode >100dB @ dc

Rejection Ratio

AC Common Mode
Rejection Ratio

> 100 dB @ 50, 60, or 400 Hz

>60dB @ dc..60 Hz



CHARACTERISTICS 2-11
CHARACTERISTICS SPECIFICATIONS ADDITIONAL INFORMATION
« Resistance
Open Circuit Voltage < 4V
Full Scale Voltage
3000Q...3 MQ < 250 mV
30 MQ <2V
Ranges 300€, 3 k€2, 30 k£, Manual or automatic ranging.
300 kQ, 3 MQ, 30 MQ
Resolution 0.1€2, 0.001 k€2, 0.01 kQ,
0.1 k&2, 0.001 MG, 0.01 MQ

Accuracy + (0.5% + 5)
Digital Display 3000 counts Up to 4500 counts, at 30 MQ 3000,
Measurement Current 0.5 mA...70 nA Decreases as range increases.
Display Update < 300 ms
Response Time < 3.55

SMOOTH <10s

FAST <1s
Protection 600V RMS
Continuity

Beeps if resistance is <:

Diode Test

Maximum Voltage
Range

Resolution
Accuracy

Digital Display

Measurement Current

Display update

Response Time
SMOOTH
FAST

Protection

Polarity

Continuity (Alert)

5% of selected

OL is indicated if measured voltage
is>2.BV.

4V

2.800V

0.001v

+ (2% + 5)

3000 counts If value > 2800 readout gives OL.
0.5 mA

< 300 ms

<3.58

< 10s

<ls

600 V RMS

+ on RED Banana Jack
- on BLACK Banana Jack

Beeps if reading is below 1V
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CHARACTERISTICS SPECIFICATIONS ADDITIONAL INFORMATION
+ DCmV Banana Jack Inputs Used for Accessory (including
Temperature) input.
Ranges 300 mV & 3V Manual or Automatic ranging.
Resolution 0.1 mV&1mVv
Accuracy +(0.5% + 5)
Digital Display 3000 Counts Up to 3500 Counts.
Display update < 300 ms
Response Time < 3.58
SMOOTH <10s
FAST <1s

Input

Multimeter Math (Display)
Functions (Models 95 and

97 only)

Relative

% Change (% Relative)

% Scale

Set 0% Reference

Set 100% Reference

Power with respect to
1 mW in selected load
resistance

Select load resistance

Voltage Ratio in dB with
respect to 1V

Audio power

Select load resistance

+on RED Banana Jack
on BLACK Banana Jack

ZERO delta

ZERQ % della

Set 0%

Set 100%

dBm

1200, 1000, 900, 800, 600,

500, 300, 250, 150, 135,
125, 110, 93, 75, 60 & 50

dBV

WATTS or dBW

50, 16,8, 4,2 & 1Q

Displayed Value = Reading
Reference Reading.

Displayed Value = {{Reading/Refe-
rence Reading) -1} x 100.

Displayed Value = {(Reading-Set
0% Reading)/(Set 100% Reading-
Set 0% Reading)} x 100%.

Present, Maximum, Minimum,
Average.

Present, Maximum, Minimum,
Average.
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CHARACTERISTICS SPECIFICATIONS ADDITIONAL INFORMATION

+ Other Multimeter Operating Modes

Touch Hold

MIN MAX recording
{Models 95 and 97 only)

Frequency

Range

Accuracy

Timebase Accuracy

Resolution

Measuring Time
SMOOTH
FAST

Ranging

AUTO RANGE

Voltage Range_Up

Voltage Range_Down

Time Range_Up

5 ms...50 pus

20 ps...1 ps

Time Range_Down

5 ms...50 us
20 ps...1 us

HOLD

RECORD

1 Hz...5 MHz

+/- (0.5% + 2 counts)
+/- 0.01%

4 digits

3.58

<10s
<1s

Automatic

3500

0300

> 8 periods in display

> 4 periods in display

< 1.5 periods in display
< 0.75 periods in display

Causes the meter to capture the
next measured reading (and beep)
when a new stable measurement
has been detected. When first
enabled, the numeric display is
frozen {held) until a stable
measurement is detected. Stable
measurements are defined as
within £ 100 display counts for 4
measurements (~1s.); and above a
floor of 200 display counts in volts
(300 counts in ac, below 4000
counts in  and below 2800 counts
in diode). Overload is a valid stable
condition except in Q and diode
test.

Simultaneous displays of
Maximum, Minimum, Peak to Peak,
Average, and Present reading.

Manual for frequencies < 20 Hz.

gradually degradation from 100 Hz
and down,

Running average over 32
measurements.

Voltage and Time are coupled.
Maximum reading in manual range

@ 300 mV, 3V, 30V : 4500.
@external input: 3500.

TIME switch selects manual
timebase.

AUTOSET starts timebase ranging.
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2.14

CHARACTERISTICS

SPECIFICATIONS

ADDITIONAL INFORMATION

AUTO SETTING

+ Settling time

Selectable mode of
operation (Model 97 only)

+ Display functions
Channel Baseline

Separate

X-position

Y-positfion

X-expand

AvsB

+ Cursors

Mathematics

« Text

Trace identification
+ Vertical Acquisition

Y deflection source

Input coupling

Y deflection
Input voltage > 20 mV

Input voltage < 20 mV

Selected @ Initial setup,
Complete

mid screen
A=+1div
B =-1div
Zero

ZEero

x1

off

not affected
off

Not affected
on

Every source having a
triggerable signal at its input

ac

approx. 5 div

Channel at 200 mV/div

The default values are indicated
{Model 97 only). If this can be
changed with the aid of the SETUP
(auto-set) menu, this is shown.

One channel display.
Dual Channel display.

SETUP: not affected
{(Model 97 only).

SETUP: not affected or separation
(Model 97 only).

SETUP: not affected
{(Model 97 only).

if cursors are on a not the selected
channel, Channel A. SETUP: not
affected (Model 97 only).

SETUP; not affected
{Model 97 only).

Except for actual setting, that is
adapted (Model 7 only).

SETUP: OFF (Model 97 only).

Channel A if no trigger is found.

SETUP: not affected
{(Model 87 only).

Each channel is independently set.

Due to trigger uncertainty at freq.

= 2 MHz or at duty cycle <> 50%
sensitivity can deviate from above,
but signal will remain on the screen.
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CHARACTERISTICS SPECIFICATIONS ADDITIONAL INFORMATION
Average off SET-UP: not affected
(Model 97 only).
+ Horizontal Acquisition Free Run
Recurrent

TB Deflection coefficient

Signal 40 Hz...5 MHz min, 2, max 6 signal periods
over 8 div

Signal 5 MHz...50 MHz min. 2, max 20 signal periods

over 8 div
When no trigger found 5 ms/div
= Triggering
Delay =0 Oit SETUP: not affected
(Model 97 only).
Negative delay Not affected
Triggerable signal
@ ext. input Ext SETUP: select AorB
{(Model 97 only).
No signal @ ext input, channel A or channel B Channel with lowest input
but trig. signal @ channel frequency is selected (Channel A
AorB when frequencies are equal).
No triggerable signal. Channel A
@ any input
Level 40...60% of peak-to-peak After Autoset.
value SETUP: not affected
(Model 97 only).
Slope Positive SETUP: not affected
{(Model 97 only).
Events OFF SET-UP: not affected
(Models 95 and 97 only) (Model 97 only).
N-Cycle OFF SET-UP: not affected
(Models 95 and 97 only) (Model 97 only).
+ Various
Generator (Model 97 only) OFF SETUP: not affected.
Record restart timing OFF SETUP: 2, 5, 10 or 60s or
{Model 97 only) acquisitions, whichever is the

shortest.
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2.16

CHARACTERISTICS

SPECIFICATIONS

ADDITIONAL INFORMATION

GENERATOR (MODEL 93 AND 95)

= Probe Adjust

Voltage (p-p)
Frequency
Source resistance

» DC Calibration
Voltage

Source resistance

sV

976 Hz

400Q

3V

400482

GENERATOR (MODEL 97 ONLY)

»

Probe Adjust

Voltage (p-p)
Frequency
Source resistance
+ DC Calibration
Voltage (p-p)
Source resistance
+ LF Sine wave
Amplitude (p-p)
Frequency
Max. Individual Harmonic
Source resistance
» Square wave
Amplitude (p-p)

Frequency

Source Resistance

&V

976 Hz

4000

av

40042

1V

976 Hz

3%

4000

5V

1.95 kHz
976 Hz
488 Hz

400£)

A square wave voltage is available
via the external trigger input for
adjusting probe compensation.

Including 10:1 attenuation Probe,

Inaccuracy is optimized internally.

A square wave voltage is available
via the external trigger input for
adjusting probe compensation.

Including 10:1 attenuation Probe,

Inaccuracy is optimized internally.

} selectable
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CHARACTERISTICS SPECIFICATIONS ADDITIONAL INFORMATION
+ DAC Qutput Current Can be used for a component
tester.
Amplitude O mA...+ 3mA In max. 128 amplitude steps. The
time for every step can differ.
Max. voltage 2V
+ DAC output voltage In max. 128 amplitude steps. The
time for every step can differ.
Amplitude -2V.+ 2V
Max. Current +1 mA

2.17 POWER ADAPTOR /BATTERY CHARGER

= Input Connector 5 mm Power Jack Per DIN 45323
» Source Voltage dc

Nominal 15V de

Limits of Operation 8V...20V dc
» Charging Current

Instrument ON 60 mA

Instrument OFF 170 mA

+ Allowable Temperature
During Charging 0°C..45°C

+ Power Consumption
Instrument ON 5w

Instrument OFF 3w

2.18 POWER SUPPLY

= Battery Voltage Range 4v..6V The batteries are not charged at
delivery. A warning is given if the
battery voltage becomes lower than
4.4V. The instrument is switched off
if the battery voltage becomes
lower than 4 V.

If the instrument is Battery
Powered, it will switch off
automatically after 10 minutes of no
operator actions, except in
RECORD or ROLL mode.
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CHARACTERISTICS

SPECIFICATIONS

ADDITIONAL INFORMATION

» Recommended Batteries

NiCad Battery Pack

Recharging time

Life time

Operating time

Stand Alone Batteries (4x)

Model

Operating time

Temperature Rise of
Batteries

Temperature Range of
Alkaline Batteries.

Working

Storage

2.19 MECHANICAL
« Height
»  Width
+ Depth

«  Weight

PM 9086/001

16 hours

> 4 hours

KR27/50
K70
C-CELL
> 4 hours

20 °C

-20..65°C

-30..65°C

262 mm
129 mm
680 mm

1.5kg

Only this Battery Pack Is internally
re-chargeable.

After 500 cycles the capacity will be
> 1100 mAh. The nominal capacity
is 2200 mAh.

After Charging for > 15 hours.

per IEC.
per ANSI.

After instrument has reached a
stable operating temperature.

It is recommended to remove the
batteries from the instrument when
it is stored longer than 24 hours
below - 30 °C or above 60 °C.
CAUTION! UNDER NO
CIRCUMSTANCES SHOULD
BATTERIES BE LEFT IN THE
INSTRUMENT @
TEMPERATURES BEYOND THE
RATED SPECIFICATIONS OF THE
BATTERIES BEING USED!

With holster 281 mm.
With holster 140 mm.
With holster 62 mm.

With holster ca 1.8 kg.



CHARACTERISTICS

2.20

CHARACTERISTICS

SPECIFICATIONS

ADDITIONAL INFORMATION

ENVIRONMENTAL

The characteristics are valid only if the instrument is checked in accordance with the official checking
procedure.

*

Meets Environmental
Requirements of;

Temperature

Operating

Non Operating (Storage)
Maximum Humidity

Non Operating (Storage)
Operating

20 °C...30 *C
30°C...50°C

Maximum Altitude

Operating

Non Operating (Storage)
Vibration (Operating)
Frequency 5...15 Hz
Excursion (pk to pk)
Max Acceleration
Frequency 15...25 Hz
Excursion (pk to pk)
Max Acceleration
Frequency 25...55 Hz
Excursion (pk to pk)

Max Acceleration

MIL-T-28800D Type llI
Class 3, Style C

0°C...50°C

-20°C..70°C

95% Relative Humidity

90%
70%

3 km {10 000 feet)

12 km (40 000 feet)

Sweep Time 7 min.
1.5 mm

7 m/s? (0.7 x g)
Sweep Time 3 min.
1.0 mm

13 m/s? (1.3 x g)
Sweep Time 5 min.
0.5 mm

30 m/s? (3.0 x g)

Batteries removed from instrument
unless batteries meet the required
temperature specifications.
Maximum Operating Temperature
derated 3 °C for each km. (each
3000 feet) above sea level.

Memory backup batteries removed
from instrument unless batteries
meet maximum altitude
specifications.

@ 15 Hz.

@ 25 Hz.

@ 55 Hz.
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CHABACTERISTICS

SPECIFICATIONS

ADDITIONAL INFORMATION

Hesonance Dwell

Shock (Operating)

Number of shocks

Shock Wave Form
Duration
Peak Acceleration

Bench Handling

Meets requirements of:

Salt Atmosphere
Structural parts meet

EMI (Electro Magnetic
Interference)

Meets requirements of:

Packing meets
requirements of:

Transportation meets
requirements of;

Packaged Transportation
Drop meets requirements

of:

Packaged Transportation

Vibration meets
requirements of:

ESD (ElectroStatic
Discharge) meets
requirements of:

10 min.

18 Total
6 Each Axis

Half Sine
6..9ms

400 m/s? (40 x g)

MIL-STD-810, Method 516,
Procedure V

MIL-STD-810, Method 508,
Procedure | with 5 % salt
solution

MIL-STD-461 Class B

VDE 0871 and VDE 0875
Grenzwertklasse B

UND 1400

AN-D628

Nat. Safe Transp. Assoc.
Procedure 1A-B-2

Nat. Safe Transp. Assoc.
Procedure 1A-B-1

IEC 801-2

@ each resonance frequency (or
@ 33 Hz if no resonance is found).

(3 in each direction).

Applicable requirements of Part 7:
CEO03, CE07, CS01, CS02, CS06,
REO02, RS03.(RS02: max 2 div
distorsion in 20 mV/div).

Test severity level 15 kV.
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CHARACTERISTICS

SPECIFICATIONS

ADDITIONAL INFORMATION

INTERFACE (MODEL 97 ONLY)

*

Type of interface
Plug

Spacing

IIO"

1!1 "

Interface function
repertoiry for printers

Baud Rate

Number of STOP bits
Parity

Character length
Tranmission mode

Handshake

Interface function
repertoiry for interface

Baud Rate

Number od STOP bits
Parity

Character length
Tranmission mode

Handshake

Print facilities

Protocol

Print out

Front Panel Control

Modes

RS-232-C
9 pole D-plug male

Light
No light

1200, 9600

4
No
8

Asynchronous, full duplex

XON/XOFF

75...18K2

1
No, Odd or Even
8

Asynchronous, full duplex

XON/XOFF or no Handshake

EPSON FX, LQ compatible
HP ThinkJet compatible

Screen

log of readings:
single

every 2, 5, 10 or 60s
selectable waveform

Local

Remote-locked

Remote-unlocked

Optical.

Input and Output are the same.

Software handshake only.

Input and Qutput are the same.
Selectable by controller.

Software handshake only,
default: no Handshake.

Front panel exclusively under
manual control.

Front panel exclusively under
RS-232-C control.

Return To Local by User ReQuest
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CHARACTERISTICS

SPECIFICATIONS

ADDITIONAL INFORMATION

= CPL Protocol implemented:

Go to Remote

Go to Local

Local Lockout
Reset Instrument
(Master Reset)
Status Query
IDentification query

Auto Setup
Default Setup
Program Setup

Query Setup
Recall Setup
Save Setup

Program Communication

parameter

Arm Trigger
Trigger acquisition
Query Waveform
Program Waveform

Query for Measurement

data

2.22 SAFETY

+ Meels requirements of:

« Approvals

GR
GL
LL

RI
sQ
ID

AS
DS
PS

Qs
RS
S8

PC
AT
TA
Qw
PW

QM

IEC 348 Class Il
VDE 0411 Class Il
ANSI/ISA S82

UL 1244

CSA C22.2 No. 231

VDE 0411 (applied for)
UL 1244 (applied far)
CSA C22.2 No. 231
(applied for)

Restricted; only 0= 1= 2= . Gives
Type number and software version,

Default Scope setting.
Has to be done with the string that
comes out with QS.

With or without battery charger.

With or without battery charger.
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CHARACTERISTICS

SPECIFICATIONS

ADDITIONAL INFORMATION

2.23 ACCESSORIES

"

Accessaries furnished with
instrument;

ScopeMeter Accessory set:
2 x HF adapter

2 x High voltage testpin

2 x Earth lead

2 x Trim screwdriver

4 mm adapter

Banana to BNC adapter

Set Testleads and Testpins:
2 x testleads

2 x testpins

2 x banana adapter

Holster

Accessory case

Power Adaptor/Battery
Charger:

Users Manual
Quick Operating Guide

PM 8918/002

PM9081/001

PM 9083/001

C75

PM 8907/001
PM 8907/003
PM 8907/004
PM 8907/008

PM3080/001 (Model 97 only)

2.24 SERVICE AND MAINTENANCE

*

-

-

Main Time Between
Failures (MTBF)

Calibration Interval

Mean Time To Calibrate
(MTTC)

40 000 hours

1 year

30 minutes

2 x 10 MQ 10:1 Passive Praobe,
1.5m.

shrouded.

1.5m.

Depends on model:
Universal Europe.
North American.
United Kingdom.
Universal 115/ 230V.

RS-232-C Interface

Predicted value, calculated through
parts counting method, according
to MIL HDBK- 217E.
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3

3.1

3.1.1

3.1.2

CIRCUIT DESCRIPTIONS

INTRODUCTION TO CIRCUIT DESCRIPTION

General

This chapter presents a layered description of the ScopeMeter circuitry. First the ScopeMeter's
overall theory of operation is described, referring to the overall block diagram (section 3.2).

The next section gives some information concerning the ScopeMeter’s data acquisition.

Then the circuits on both digital (A1) and analog (A2) printed circuit boards (PCB) are described. After
a short introduction, a detailed circuit description is given for each circuit part.

The various circuit descriptions refer to the circuit diagrams in chapter 10.

NOTE: The large digital (A1) and analog (AZ2) printed circuit board diagrams are provided as
separate drawings. Whenever a signal line continues on another drawing, it is indicated by
the following comment:

*FROM A1" > coming from the digital (A1) circuit (figure 10.2)

"TO A2a" —— the signal continues on the first circuit diagram of the analog A2 PCB
(figure 10.5)

Location of electrical parts

The item numbers of C..., R..., V..., N..., D... and K... have been divided into groups. These groups
relate to the functional parts on the PCBs:

Table 3.1 Location of electrical parts.

Item number Functional part PCB diagram
1200-1299 1P, Digital ASIC and related circuitry Al A1
1300-1399 battery sense, RAM power, backlight A1 A1
1400-1499 LCD and related circuitry Al Al
1500-1599 ON/OFF circuit Al Al
1600-1699 keypad Al Al
2100-2199 attenuator channel B A2 A2a
2200-2299 attenuator channel A A2 A2a
2300-2399 Analog ASIC and ADC A2 A2alb
2500-2599 battery charger and power supply A2 A2c
2700-2799 EXTemal input-/output circuitry A2 A2b
2800-2899 generator A2 A2b
2900-2999 analog control circuitry A2 A2a
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3.2

3.21

FUNCTIONAL BLOCK DESCRIPTION

Introduction
This section contains an overall block diagram of the ScopeMeter. Refer to figure 3.1.

The block diagram can be divided in twe parts. The upper part of the diagram shows the components
that are situated on the Printed Circuit Board (in the following text: PCB), that is connected to the
ScopeMeter's bottom cover. Because this PCB contains mainly analog circuits, it is called the analog
A2 PCB.

The lower part of the diagram contains the digital circuitry of the ScopeMeter. This circuitry is located
on the digital A1 PCB, the PCB connected to the ScopeMeter’s top cover.

The general layout of the block diagram is the same as the layout of the circuit diagrams in chapter
10. The circuits that can be found on the same circuit diagram (chapter 10) are placed in a dashed
box in the block diagram.

Analog A2 PCB

The signals at the red and gray BNC input connectors are attenuated by the CHANNEL A
ATTENUATOR section and the CHANNEL B ATTENUATOR. These attenuators are set by the
Microprocessor (on the digital A1 PCB) via the ANALOG CONTROL CIRCUIT. Also input protection
circuits are provided here.

The output signals of the attenuator blocks are fed to the ANALOG ASIC (ASIC = Application Specific
Integrated Circuit). This component is controlled by the ScopeMeter's microprocessor (on the digital
A1 PCB). The Analog ASIC incorporates signal amplification and channel selection. It also prepares
the signal for sampling by the Analog to Digital Converter (ADC).

The red and black banana connectors are connected to the EXTERNAL (BANANA) INPUT/OUTPUT
CIRCUIT. When the ScopeMeter is set toc mV, DIODE or OHM METER mode, the External (banana)
input/output circuit outputs its signal into the Channel A Attenuator section. In SCOPE mode, the
circuit can act as a trigger input. The trigger signal is fed to the Analog ASIC. In the Analog ASIC
“channel A", "channel B" or "External trigger” can be selected as trigger source. The trigger signal is
used to generate the DELTA- T voltage (time relation between trigger moment and sampling
moment).

The built-in GENERATOR uses the External (banana) input/output circuitry as output. It is possible
to generate a DC voltage and a square wave voltage. ScopeMeter model 97 also can generate sine
wave voltages, a ramp voltage, and a ramp current.
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3.2.2

The power supply circuitry is also located on the analog A2 PCB. The separate Power adapter/battery
charger PM8907/... converts the line voltage into 15V DC. This voltage is used by the BATTERY
CHARGER to charge a NiCad BATTERY PACK (PM9086/001), if present.

The POWER SUPPLY section transforms the input voltage (line operated) or the battery voltage
(battery operated) into the supply voltages for the various ScopeMeter circuits on A1 and A2.

Digital A1 PCB
The ScopeMeter is controlled by the MICROPROCESSOR, located on the digital A1 PCB. This
microprocessor performs several control tasks, for example:

- Scanning the KEYPAD for user commands. The keypad is connected to the microprocessor via
the KEYPAD DRIVERS.

- Communication with the outside world via the OPTICALLY COUPLED RS-232-C
TRANSCEIVER. This section contains an Infrared LED (transmitter) and a phototransistor
(receiver).

- Monitering the battery voltage (BATTERY SENSE CIRCUIT).

- Controlling the Analog ASIC on the analog A2 PCB.

- Switching the power on or off (POWER ON/OFF CIRCUIT).

- Performing a proper RESET at power on (RESET CIRCUIT).

- Controlling the analog A2 circuits (via the ANALOG CONTROL CIRCUIT).

- Signal processing of acquired data. The microprocessor reads, calibrates and stores the acquired
data.

The DIGITAL ASIC is the core of the ScopeMeter’s digital circuitry. It provides:

- Timebase functions. For example: the ScopeMeter's ADC sampling signal is generated by the
Digital ASIC.

- Trigger functions (in real-time sampling mode).

- Acquisition Control Logic (ACL). This function controls the acquisition according to trigger and
acquisition modes. The Digital ASIC contains acquisition RAM for quick data storage.

- Min/Max mode.

- Decoding of the internal ASIC addresses and synchronization of Digital ASIC and microprocessor
access to the acquisition RAM.

- Display control. The Digital ASIC generates the picture to be displayed on the LCD.

The picture, generated by the Digital ASIC is displayed on the Liquid Crystal Display (LCD). The
LCD is controlled by the LCD ROW DRIVERS and the LCD COLUMN DRIVERS. The LCD SUPPLY
section provides for the voltages needed. ScopeMeter model 97 has a BACKLIGHT CIRCUIT, which
can illuminate the LCD.

Data acquisition

- Data acquisition path in the ScopeMeter

The analog input signals are first attenuated and/or amplified and then converted into digital values
by the ADC. The samples of the input signals are stored in the Acquisition RAM of the Digital ASIC.
I 512 samples are stored in memory, the second trigger pulse will signal the microprocessor that the
acquisition is ready. (We assume that the ScopeMeter is using random repetitive sampling, see next
section.) Then the acquired data is ready for processing. The microprocessor reads the data from the
Acquisition RAM and processes the data according to the actual calibration values. These calibration
values (constants) are copied from Flash ROM to RAM during startup. The calibration values have
been stored in Flash ROM during the calibration process. After processing, the data is stored in the
External RAMs. These RAMSs also contain the more static picture elements, for example the grid-,
cursor- and text data.




CIRCUIT DESCRIPTIONS 3-5

- A multitasking kernel for hardware and software scheduling

Processing the acquired data is only one of the tasks of the microprocessor. The ScopeMeter uses
a multitasking kernel for hardware and software scheduling, based on internal and external interrupts.
The microprocessor contains internal timers, which can be programmed by the software. One of
these timers is used to generate interrupts, e.g. to scan the keypad for depressed or released keys.

Except processing (calibrating) the acquired data, the microprocessor also does mathematical
computations and controls the hardware. The multitasking kernel takes care that every 20 ms of
processing time, a task is interrupted. This task will then be held and rescheduled, unless it requires
execution without interruption. In this way a variety of user-requested tasks can be handled quasi-
simultaneously, without the user being aware of the heavy loads on the microprocessor. The display
of the data on the LCD is done by the Digital ASIC, also taking part in the multitasking scheme.

- Sampling and Triggering

The ScopeMeter uses two types of sampling, commonly used in many Digital Storage Oscilloscopes:
REAL-TIME SAMPLING and RANDOM REPETITIVE SAMPLING.

In the real-time sampling mode (timebase settings: 60s/div...1 us/div) the ScopeMeter takes a series
of samples from a single period of the input signal. These samples are later used to reconstruct the
signal. During the real-time sampling mode, the Digital ASIC calculates the trigger pulses out of the
acquired data (for timebase settings between 60s/div...50 ps/div). For timebase settings between
20 us/div and 1 us/div, the triggering is done by the Analog ASIC, using analog comparators.

In random repetitive sampling mode, the ScopeMeter takes a sample from successive cycles in a
repetitive signal. These samples are stored in memory and combined to reconstruct the original
signal.

In this sampling mode, samples are taken from the input signal at intervals determined by the internal
ScopeMeter clock. Since there is no time-correlation between the system’s clock and the incoming
signal, all samples are taken at random points of the signal. The time between the trigger moment
and the sampling moment must be tracked to enable reconstruction of the signal from the samples.
This time, DELTA T, is generated by the Analog ASIC. See section 3.4.5 and figure 3.12.

During random repetitive sampling mode, the ScopeMeter always uses analog triggering (Analog
ASIC).
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3.3 DIGITAL CIRCUITS (A1)
3.3.1 Introduction
The following paragraphs describe the circuits on the digital A1 PCB in detail. Refer to circuit diagram
A1 (figure 10.2 in chapter 10).
3.3.2 Overview digital circuits
The digital circuitry of the ScopeMeter can be separated into three main parts:
- Microprocessor circuitry
- Digital ASIC (in the following text: D-ASIC}) circuitry
- LCD circuitry
A block diagram, which clearly shows the connections between these main parts, is shown in
figure 3.2
TO/FROM
FROM  ANALOG
ADC ASIC DIGITAL A1 PCB
L [CIRCUIT DIAGRAM A1)
LCD COLUMN
J‘\
DRIVER
V] DIGITAL
ASIC u
a3 N
~TIMEBASE FUNCTIDN
-TRIGGER FUNCTION 5
N LCD o 2 N LCD
7 -mINsmax SUPPLY a2
-DESY =]
J\ -DISPLAY CONTROL
.v‘
1
| BACKLIGHT
CIRCUIT (97)
STBOS7
Q20204

Figure 3.2  Block diagram main parts digital circuitry
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3.3.3

MICROPROCESSOR circuitry (LP)

- Introduction

The ScopeMeter is controlled by a single chip microcomputer with on-board ROM (called Mask ROM
in the following text). This microprocessor controls the total system operation and communication
between the ScopeMeter and the outside world (key pad, RS-232-C interface). It also controls the
communication between the internal system components.

- Detailed circuit description
See figure 3.2 and circuit diagram A1 (figure 10.2).

The ScopeMeter uses an Intel 83C196 microprocessor D1201, with on-board Mask-programmed
ROM (Mask ROM). This microprocessor has an 8-bit data bus and a 16-bit address bus. The lower
8 address bits A0...A7 are combined with the data bits (multiplexed data bus). ADDRESS LATCH
D1210 is used to separate data bits and address bits.

The microprocessor's Mask ROM contains the startup software and a diagnostic kernel test (see
chapter 7). It also confains the software necessary to drive the serial interface and to clear and
program the Flash ROMs.

The two Flash ROMs (FROMs) D1207 and D1208 contain the system software. The FROMs are
directly connected to the microprocessor via the dat and address busses. The microprocessor
addresses the RAMs via the D-ASIC {D1203).

The microprocessor contains five 8-bit I/O ports. Port 3 and 4 share their bits with the data and
address busses. The other I/O ports 0, 1, 2 are used for various purposes. For example: reading the
keypad, operating the RS-232-C interface, battery voltage sense, switching the power on/off, etc.

Keypad circuitry

The keypad circuitry consists of five shift registers, D1601...D1606, each of which has eight inputs.
These inputs are normally kept "high" by 56 K2 resistor arrays connected to the +5V supply voltage.
Whenever a key on the keypad is pressed, the corresponding line is connected to ground, resulting
in a "low" signal. All signals are clocked into the shift registers (with the FRONT_CLOCK and
FRONT_LATCH signals). Then they are converted into two signals FRONT_DATA1 (shift registers
D1603, D1604, D1606) and FRONT_DATA2 (D1601 and D1602).

Optically isolated RS-232-C interface

The serial communications circuitry, which is built into the microprocessor, is used to operate the
infrared (IR) RECEIVER and TRANSMITTER of the ScopeMeter. For this purpose a stripped version
of the RS-232-C protocol is used.

Only the TXD (transmit data) and RXD (receive data) lines from the RS-232-C standard are used.
The IR transmitter LED H1201 is driven directly from the TXD-not pin of the microprocessor. If a “0"
is transmitted, the LED lights.

The IR receiver uses operational amplifier N1301 to power the collector of phototransistor H1202. If
any IR light is received, the phototransistor will drive V1207 in saturation. This results in a "low" RXD
line, interpreted by the microprocessoras a "1",

Battery sense circuitry

The battery voltage -VBAT generated on the analog unit is amplified by -2/3 at operational amplifier
N1301. The resulting signal BAT_LEVEL is connected to an A/D converter input of the
microprocessor. In this way the microprocessor can monitor the battery voltage level. If the battery
voltage level drops below 4.4V, the microprocessor generates the BATTERY LOW indication on the
LCD.
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Analog ASIC bus

The Analog ASIC (A-ASIC D2301, see circuit diagram A2a/A2b, figure 10.5/10.6) or A-ASIC, as used
in the following text, is controlled by the microprocessor. The microprecessor uses the signals CDAT,
CCLK and DTAEa,b,c to set the A-ASIC and the attenuator sections on the analog A2 PCB. These
signals together form the CONTROL bus.

Flash ROM type selection
The ScopeMeter hardware allows the usage of different types of Flash ROMs. The actual Flash ROM
configuration is indicated by resistors R1222 and R1224.

FLASH ROM CONFIGURATION

Resistor(s) F512 (1x) F512 (2x) FO10 (1x)
R1222 h .
R1224 * *

The resulting voltage levels {0 volt, 2.5 volt or 5 volt) are read directly by the microprocessor A/D
converter inputs.

ON/OFF circuit

The ON/OFF circuit operates almost like a thyristor. When the ON/OFF key Is pressed, a current is
drawn from the base of V1503, via R1503 and V1501. Transistor V1503 will now start to conduct. This
results in a current through R1507, R1504, V1502 and R1506. The signal POWER_ON will now
become "high". Also transistor V1506 will conduct, supplying base current to V1503 after the ON/OFF
key is released. The POWER-ON signal will latch "high". The ON/OFF signal will go high, tumning off
V1506 and V1503, the next time the ON/OFF key is depressed. The POWER_ON signal will become
"low" and the ScopeMeter power turns off.

RESET circuit

The RESET circuit consists of V1203,
V1205, V1215, V1201, D1205 and related
components. When the ScopeMeter
power is switched on, the +5V supply
voltage staris to rise. This causes the
zener diode V1202 to conduct. After some
time transistor V1203 also starts to
conduct.

R1204 and C1203 form a time delay (see
figure 3.3).

+5 Volt supply voltage

voltage across C1203

RESET-

switch
The RESET signal now is buffered by on moment
D1205 and connected with the RESET ] ] o
inputs of the microprocessor and the Figure 3.3 RESET signal timing

D-ASIC circuitry.

After a reset, the voltage on the EA (External Address) input of the microprocessor (pin 14) is "high".
The Microprocessor starts up using the internal Mask ROM software. First the Flash ROMs are
checked to see if they contain valid software. If this is true, output pin 6 of flip-flop D1202 is set "low".
Now the microprocessor invokes a software reset. Because of the "low" voltage on the EA input of
the microprocessor, the microprocessor will "start up" again, using the extemal Flash ROM software.
The reset pulse is blocked by transistor V1201 to prevent the RESET signal from performing a "hard-
reset" on the microprocessor again. At this software reset, the microprocessor enables the LCD by
means of the signal LCDPWR. Then the buffers that control the LCD contain valid data.
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3.3.4

DIGITAL ASIC (D-ASIC) cicuitry

- Introduction

The Digital Application Specific Integrated Circuit (or D-ASIC) D1203 forms the core of the digital
circuitry of the ScopeMeter, all located on the digital A1 PCB,

Many functions are incorporated in this complex CMOS integrated circuit (see figure 3.4 on the next
page):

- Timebase

- Trigger

- Acquisition Control Logic

- Acquisition RAM

- Min/max

- Display control

- Decoding and synchronization

- Digital-to-analog converters (DACs)

- Detailed circuit description:
See figure 3.4 and circuit diagram A1 (figure 10.2).

The following gives a short description of the separate parts of the D-ASIC, which perform the
functions mentioned above:

Timebase

The D-ASIC contains a crystal oscillator, which uses the 25 MHz crystal G1201. An internal
programmable divider generates timebase signal TRACK with a frequency from 0.8333 Hz up to 25
MHz (see section 3.4.5). This TRACK signal is used to sample the ScopeMeter input signals.

Trigger
The trigger module in the D-ASIC takes care of all trigger related functions:

pre triggering

post triggering

- eventcounting:  the time interval corresponding to the trigger delay is increased by a
programmed number of "events” (trigger level crossings ofthe externaltrigger
signal), which must occur betore friggering.

n-cycle mode: trigger level crossings of the input signal are counted, and triggering occurs
every n™™ crossing (2 < n < 255). The n-cycle mode can be used as a digital
trigger hold-off.

In the real-time sampling mode (< 1 ps/div), the D-ASIC determines the trigger moment with digital
comparators. In the quasi-random sampling mode, the A-ASIC determines the trigger moment with
analog comparators.
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Figure 3.4 Schematic Diagram D-ASIC D1203

Acquisition Control Logic (ACL)

The ACL controls the analog input circuitry and the ADC (N2302, see circuit diagram A2a/A2b, figure
10.5/10.6). The ACL also writes the digital representations of the input signals to the Acquisition RAM
in the D-ASIC, according to the selected trigger and acquisition modes. Before the acquired trace
data is displayed, it is first processed by the microprocessor. The microprocessor corrects for offset-
and amplification errors, using the calibration values that are stored in Flash ROM.

In fast timebase positions the ACL acquires 1024 values. Then the acquisition is stopped and the
microprocessor can read the data out of the Acquisition RAM. In slow timebase positions the ACL
uses the Acquisiticn RAM as a FIFO (Eirst In First Qut) memory. The microprocessor can start
reading the acquired data immediately after triggering. Now there is synchronization between the
ACL and the microprocessor.

If the system uses analog triggering (time base = 1us), the trigger hold-off signal (HLDOFFN) to the
A-ASIC is generated. In digital triggering mode, the D-ASIC generates the HLDOUTN signal. This
signal is fed to the HLDIN input of the D-ASIC, via R1211, C1221, R1214 and C1211. These
components generate noise on the HOLDOUTN signal, which is needed as a random factor in the
Delta- T circuit.

Min/max

The Min/max module finds the minimum and maximum value of the input signals between two time
base pulses, and writes them into the Acquisition RAM. To detect narrow glitches, the TRACK signal
(ADC sample frequency) is always 25 MHz in Min/max mode.
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Display control

This module reads screen data from the External RAMs (D1204 and D1205) and sends it to the LCD.
it also sends line pulses LINECL (17 kHz) and frame pulses FRAME (70 Hz). This screen data,
consisting of for example cursor and grid information, is stored in External RAMs as bitplane
information. The trace data is stored as a value for every vertical line on the LCD. This data is
converted to bitplane data and added to the cursor and grid information. The display control module
also makes it possible to change the dotsize of the signal displayed and to use dot joining.

Decoding and synchronization (DESY)
The DESY section is the decoder for the D-ASIC's internal addresses. This module also synchronises

the microprocessor with the D-ASIC's Display control module, as both access the same Acquisition
RAM.

Digital to analog converters (DACs)

The DACs module contains 10 one-bit pulse width modulated monatonous DACs, whose resolution
ranges from five to ten bits. The DACs are used to control level shifting, analog trigger level, LCD
contrast and the generator function (see section 3.4.7).

External RAMs
The External RAM section consists of two 32K « 8 SRAMs (D1204 and D1206). These RAMs contain:

- waveforms (stored with the WAVEFORM key)

- frontsettings (stored with the SETUP key)

- bitplane data for the LCD picture

- text, to be used on the display

- data in RECORD mode

- datain A versus B mode (A= t+ B= — )

- bitplane data used while making a printout of the screen

Ram Power circuit

The External RAMs are powered by the RAM Power circuit. The RAM Power circuit is fed directly by
the batteries, independently of the main power supply.

The RAM Power circuit is a simple oscillator, used to generate a stabilised voltage +VRAM out of the
battery voltage -VBAT. The basic oscillator circuit is shown in figure 3.5.

II FEEDBACK IL
] V1218
C1a1
e | C
A J:r - BUFFER T} o l VRAM

== 31309 V131 c1312
I A1313

—— F——

—VBAT o

Figure 3.5 Oscillator RAM Power circuit

Input B of Schmitt input NAND D1301 is connected to ground. When the voltage on input A is also
"low”, the output C will become "high". Capacitor C1309 will charge via R1313. After some time input
A will become "high", resulting in a "low" output C.

Capacitor C1309 will then discharge via resistor R1313. The generated output pulses are buffered

and converted into a DC voltage by C1311, C1312 and V1319. The output voltage +VRAM is fed back
to the NAND input A, via several transistors (voltage gap). If the output voltage +VVRAM has reached
the correct value, the pulse train at NAND output C is stopped via this feedback (see figure 3.6). In
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3.3.5

this way capacitor C1312 is charged just enough to keep the output voltage +VRAM at a stable value
( 3V DC).

11 e

T

Figure 3.6 Pulse train signal on input A of Schmitt input NAND (Test Point 223)

LCD circuitry

- Introduction

The LCD used in the ScopeMeter is controlled by six LCD driver integrated circuits. These drivers get
their information (data- and control signals) directly from the D-ASIC. The microprocessor enables
the display when valid data is present.

ScopeMeter models 93 and 95 use a reflexive LCD. Model 97 is provided with a transflexive LCD with
a backlight, which can be switched on or off by the user.

- Detailed circuit description
See figure circuit diagram A1 (figure 10.2),

LCD
The ScopeMeter uses a Super Twisted Nematic Liquid Crystal Display (LCD H1401, see circuit
diagram A1, figure 10.2), with a resolution of 240 » 240 pixels.

The picture on the LCD screen is written column (vertical line) after column, rather than row
{horizontal line) after row. The LCD screen is divided horizontally in 3 row-sections, each 80 pixels
wide and vertically into 3 column-sections, each B0 pixels wide.

LCD drivers
The LCD display is controlled by the D-ASIC, via six LCD drivers:

- three LCD row drivers: D1404, D1406, D1407
- three LCD column drivers: D1401, D1402, D1403

Description of the LCD drivers input-foutput signals:

LCD outputs Y1...Y80 and X1...X80

These outputs are connected to the LCD matrix. Every column driver serves 80 pixel columns of the
LCD. Every row driver serves 80 pixel rows, The output signals are staircase signals, with levels
equal to the V1...V6 voltages.

NOTE: On the cutput of every LCD driver, a Test Point is provided (TP207... TP212). When the driver
is working properly, a staircase voltage can be measured on these test points.

- Data inputs D0...D3 (row drivers only!)

The actual display data coming from the D-ASIC is sent via the DRIVERBUS to the LCD drivers
D0...D3 inputs.

- Terminal input voltages V1...V6
Out of these DC signals, with Vegg = -20 V, the LCD drivers generate the staircase signals. The input
voltages V1...V6 are generated by the LCD supply section.
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- Display control signals LINECL, DATACL, M, FRAME

These signals are used to control the LCD. The LCD picture is constructed from these display control
signals and the data signals and sent to the LCD via the LCD outputs.

DATACL is the clock signal, used to clock the data D0...D3 into the driver buffer,

LINECL is a clock signal, used to clock one complete line (column) into the LCD.

The M signal is described furtheron (see M-randomize section).

LCD supply section

The pulse modulated signal, CONTRAST, comes from the D-ASIC. CONTRAST is filtered by R1401
and C1401 to get a DC voltage. The value of this DC voltage depends on the duty cycle of the
CONTRAST signal. Opamps N1401 convert the DC signal into stabilized DC voltages V1...V8. If the
signal, LCDPWR, coming from the D-ASIC, is "high" (+5V), the -20V voltage is generated and the
system is active. The -20V supply voltage is temperature corrected to compensate for the
temperature dependency of the LCD (-80 mV/C). The LCD supply voltages have to be corrected by
the same amount to get a constant (over a temperature range) brightness and contrast of the LCD.
This temperature compensation is made by Positive Temperature Coefficient (PTC) R1418. The -20V
voltage is made out of the -30V voltage, coming from the analog A2 PCB. Transistors V1404 and
V1402 form a protection circuit, that limits the current in case the -20V voltage is short circuited.

M-randomize section

The signal M ("LCD backplane modulation”) has a time relation with the display control signals
LINECL and DATACL. The M-randomize section converts M into M1, which is no longer time related
to the other display control signals. The M1 signal is used by the LCD drivers to convert all DC
voltages into AC voltages, able to drive the LCD.

Depending on the type (brand) of LCD mounted, integrated circuits D1408, D1409 and D1410 or
D1411 are used.

Backlight circuitry

The backlight circuitry is based on the Hartley oscillator principle. Components V1307, T1301, and
C1302 form the oscillator. Transistor V1304 supplies current to the circuit. This transistor is switched
on/off by the ON OFF signal, coming from the microprocessor. When the output voltage across the
backlight becomes higher than 100V, transistor V1305 will be driven open via V1308, V1309, and
V1311. This will draw away current (energy) supplied to the oscillating circuit (feedback regulation).
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3.4

3.4.1

3.4.2

3.4.3

ANALOG CIRCUITS (A2)

Introduction

This paragraph describes the circuits on the analog A2 PCB in detail. Refer to circuit diagrams A2a,
A2b, and A2c (figures 10.5, 10.6, and 10.7 in chapter 10).

Overview analog circuits
The analog A2 PCB contains several functional parts:

- circuits in the acquisition path
- attenuator sections
- EXTernal (banana) input/output circuitry
- Analog ASIC and ADC circuitry

- control eircuitry

- signal generator

power supply and battery charger

Each of these parts will be described separately. First a short introduction is given, followed by a
detailed description.

ATTENUATOR sections, CHANNEL A and B

- Introduction
See figure 3.7.

The attenuator sections of both channels A and B are identical. In the following only channel A is
described. The corresponding components for channel B have the same numbering, except the
second number, which is '1" instead of '2’. For example: R2202 in channel A corresponds with R2102
in channel B.

The attenuator section consists of a high frequency (here after referred to as H.F.) path and a low
frequency (here after referred to as L.F.) path, which are combined again in the impedance converter
(see figure 3.7). To get a flat frequency characteristic, both paths must overlap over a wide frequency
range. Circuits are provided for automatic offset compensation.

The output of the attenuator sections of channel A and B is processed further by the A-ASIC.
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Figure 3.7 Schematic diagram attenuator section

- Detailed circuit description
See figure 3.7 and circuit diagram A2a (figure 10.4).

Input coupling
The incoming signal first passes the AC/DC coupling section (C2202). When relay K2201 is opened,
the signal is AC coupled via C2202.

H.F. (high frequency) path

After the coupling section, the L.F. part of the signal is blocked by capacitor C2203. Only the H.F. part
of the input signal enters the H.F. attenuator. This is a triple capacitive divider, consisting of a 1 to
100, a1t0 10, and a 1 to 1.48 divider.

The 1 to 1.48 divider section is switched on when relay switches K2202 and K2203 are in the "upper”
position (as shown on circuit diagram A2a, figure 10.5).

The 1 to 1.48 divider consists of C2203 and C2209 in parallel with some parasitic capacitors. The
attenuation of 1.48 times in this straight-on path is compensated for later in the circuitry.

The separate sections are switched in the signal path, depending on the attenuation required:

Table 3.2 Sections used in various attenuator settings.

Attenuator Settings Sections Used Attenuation
5 mV/div 100 mV/div 1.48x 1.48 times
200 mV/div 1 V/div 1.48x, 10x 14.8 times
2 V/div 10 V/div 1.48x, 100x 148 times
20 V/div 100 V/div 1.48x, 10x, 100x 1480 times
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In the ScopeMeter the response of the H.F. attenuator sections is adjusted by means of three variable
capacitors G2209, C2207 and C2114. These variable capacitors are used to compensate for parasitic
capacitors of the printed circuit board.

The 1 to 1.48 divider (1 to 1.48 section) can be adjusted with variable capacitor C2209.

The 1 to 14.8 divider (1 to 1.48 and 1 to 10 sections) can be adjusted with variable capacitor C2207.
The 1 to 148 divider (1 to 1.48, 1 to 10 and 1 to 100 sections) can be adjusted with capacitor C2214.

NOTE: These capacitors do not have to be readjusted at every calibration. (see chapter 5, section
5.6.1) The capacitors are rough adjustments, used to compensate for hardware differences.
The attenuator response is fine adjusted by means of the L.F. calibration section (see next

page).

Impedance converter

The output of the H.F. path is connected with the impedance converter, formed by transistors V2207
and V2209 (see circuit diagram A2a, figure 10.5). The bias voltage of V2207 is determined by R22186.
To prevent destruction of the gate of V2207 by high voltages or voltage peaks, two clamps V2206 and
V2204 are provided. Summation of the H.F. and the L.F. signal parts is obtained in transistor V2207,
which acts as the collector impedance of V2208.

L.F. (Low frequency) path

The L.F. part of the input signal enters the L.F. path, which consists of a L.F. attenuator section, a L.F.
calibration section and a regulating feedback loop, which consists of a summator, inverter, ancther
summator, and an emitter follower (see figure 3.7).

L.F. attenuator
Fig 3.8 shows the L.F. attenuator section in detail:

OFFSET VOLTAGE

L B
R2328
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Figure 3.8 Principal diagram L.F. attenuator section

The L.F. attenuator consists of an inverting amplifier, N2201, which attenuates the L.F. signal by a
factor, depending on the settings of switches D2201. These switches are controlled by signals named
Srib...Srdb. A "high" signal switches on the corresponding laiched relays.

Table 3.3 Altenualor drive signals Sr1b...Sr4b.

Attenuator settings Srib Sr2b Sr3b Attenuation
5 mV/div...100 mV/div high low low 1.48 times
200 mV/div...1 V/div high high low 14.8 times
2 V/div...10 V/div low low high 148 times
20 V/div...100 V/div low high high 1480 times
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The signal Srdb operates the switch, which is used to ground the L.F. part of the input signal during
ofiset calibration. This is done automatically to prevent drift.

The offset DAC circuitry (see figure 3.7) provides the offset voltage for operational amplifier N2201.
The offset compensation is done automatically by means of the signals So10b...So14b, coming from
the D-ASIC.

L.F. Calibration

S94a
C
R2234 R2236 R2237

L {7k5 }{750E {216k | —

LF and HF attenuation ok

4

=— increase LF signal part

t

«— decrease LF signal part
HTEN

7

Figure 3.9 Automatic adjustment of the L,F. atfenuation

Fine adjustment of the L.F. path attenuation is completed during calibration of the H.F. path
attenuation. This is done by means of a simple 4-bits D-to-A converier, consisting of resistors R2229,
R2231, R2232, R2233, R2234, R2236, and switches D2202. These switches are operated by signals
Sg4a, Sg5a, Sg6a, and Sg7a, see figure 3.6. Resistors R2229, R2231 and R2232 divide the output
signal of the attenuator section. Resistors R2233, R2234, and R2236 increase the input resistance
of the inverting amplifier of the regulating loop.

Feedback loop

The output signal of the impedance converter is fed back to the input of operational amplifier N2201,
with the signal coming from the L.F. calibration section (via R2237) and a DC position voltage (5V via
R2248), proportional with the MOVEment of the trace (via R2248). Transistor V2210 is used to
enlarge the dynamic range: when D-POSCHA is active, R2270 is incorporated in the circuitry.

The feedback loop operates as follows. If, for example, the output signal of the L.F. path is too small,
the correction amplifier N2201 will drive V2207 via V2208. In this way the amplitude of the L.F. path
and the position voltage are increased (compensation).

Input protection

The input protection safeguards the ScopeMeter against overvoltage. The input protection circuit
consists of C2203 and V2206/V2204 (clamp HF attenuator) and R2219 and V2212/V2213 (clamp LF
attenuator).
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3.4.4

EXTERNAL (BANANA) INPUT/OUTPUT circuitry

- Introduction
See figure 3.10.

The ScopeMeter is provided with two banana connectors, which are used as inputs in the mV,
DIODE, and OHM METER modes or as EXTernal trigger input in SCOPE mode. These connectors
also serve as outputs for the built-in generator. Protection circuitry is provided to prevent damage by
overvoltage.

GENERATOR
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Figure 3.10 Schematic diagram signal flow in EXTernal (banana) input/output circuitry

- Detailed circuit description
See figure 3.10 and circuit diagram A2b (figure 10.6).

mV DC measurement circuitry

The mV DC input voltage on the red banana terminal is fed to the L.F. part of the channel A attenuator
section, via the following path: R2750, K2750a, K2751b, R2761, D2751 (refer to circuit diagram A2b,
figure 10.6). When the ScopeMeter is switched to mV DC measurement using the EXT banana
terminals, the settings are as follows:

Table 3.4 A-ASIC and attenuator settings in mV DC mode.

mV DC RANGE A-ASIC (D2301) LF-ATTENUATOR {channel A)

300 mv 100 mV/div 1+
3V 100 mV/div 0.1+









































































































































































































































































































































































































































































































































































































































































