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Herstellers HAMEG GmbH
Manufacturer KelsterbacherstrafRe 15-19
Fabricant D - 60528 Frankfurt

Bezeichnung / Product name / Designation:
Oszilloskop/Oscilloscope/Oscilloscope

Typ / Type / Type: HM1505

mit / with / avec: -

Optionen / Options / Options: -

mit den folgenden Bestimmungen / with applicable regulations / avec les
directives suivantes

EMV Richtlinie 89/336/EWG erganzt durch 91/263/EWG, 92/31/EWG
EMC Directive 89/336/EEC amended by 91/263/EWG, 92/31/EEC
Directive EMC 89/336/CEE amendée par 91/263/EWG, 92/31/CEE

Niederspannungsrichtlinie 73/23/EWG erganzt durch 93/68/EWG

Low-Voltage Equipment Directive 73/23/EEC amended by 93/68/EEC
Directive des equipements basse tension 73/23/CEE amendée par 93/68/CEE

.

/ KONFORMITATSERKLARUNG
DECLARATION OF CONFORMITY
DECLARATION DE CONFORMITE

HAMELS ©)

Instruments

Angewendete harmonisierte Normen / Harmonized standards applied / Normes

harmonisées utilisées

Sicherheit / Safety / Sécurité
EN 61010-1: 1993 / IEC (CEI) 1010-1: 1990 A 1: 1992 / VDE 0411: 1994
Uberspannungskategorie / Overvoltage category / Catégorie de surtension: Il
Verschmutzungsgrad / Degree of pollution / Degré de pollution: 2

Elektromagnetische Vertraglichkeit / Electromagnetic compatibility
Compatibilité électromagnétique

EN 50082-2: 1995 / VDE 0839 T82-2

ENV 50140: 1993 / IEC (CEIl) 1004-4-3: 1995 / VDE 0847 T3
ENV 50141: 1993 / IEC (CEI) 1000-4-6 / VDE 0843 / 6

EN 61000-4-2: 1995 / IEC (CEl) 1000-4-2: 1995 / VDE 0847 T4-2
Prufscharfe / Level / Niveau = 2

EN 61000-4-4: 1995 / |EC (CEIl) 1000-4-4: 1995 / VDE 0847 T4-4:
Prufscharfe / Level / Niveau = 3

EN 50081-1: 1992 / EN 55011: 1991 / CISPR11: 1991 / VDE0875 T11: 1992
Gruppe / group / groupe = 1, Klasse / Class / Classe = B

Datum /Date /Date
24.07.1996

Unterschrift / Signature /Signatur

S

Technical Manager/Directeur Technique

J

Herstellers HAMEG GmbH
Manufacturer KelsterbacherstrafRe 15-19
Fabricant D - 60528 Frankfurt

Bezeichnung / Product name / Designation:
Oszilloskop/Oscilloscope/Oscilloscope

Typ / Type / Type: HM1004

mit / with / avec: -

Optionen / Options / Options: -

mit den folgenden Bestimmungen / with applicable regulations / avec les
directives suivantes

EMV Richtlinie 89/336/EWG erganzt durch 91/263/EWG, 92/31/EWG
EMC Directive 89/336/EEC amended by 91/263/EWG, 92/31/EEC
Directive EMC 89/336/CEE amendée par 91/263/EWG, 92/31/CEE

Niederspannungsrichtlinie 73/23/EWG ergénzt durch 93/68/EWG
Low-Voltage Equipment Directive 73/23/EEC amended by 93/68/EEC
Directive des equipements basse tension 73/23/CEE amendée par 93/68/CEE

.

/ KONFORMITATSERKLARUNG H F‘ H E E ®\

DECLARATION OF CONFORMITY
DECLARATION DE CONFORMITE

Instruments

Angewendete harmonisierte Normen / Harmonized standards applied / Normes

harmonisées utilisées

Sicherheit / Safety / Sécurité
EN 61010-1: 1993 / IEC (CEIl) 1010-1: 1990 A 1: 1992 / VDE 0411: 1994
Uberspannungskategorie / Overvoltage category / Catégorie de surtension: Il
Verschmutzungsgrad / Degree of pollution / Degré de pollution: 2

Elektromagnetische Vertraglichkeit / Electromagnetic compatibility
Compatibilité électromagnétique

EN 50082-2: 1995 / VDE 0839 T82-2

ENV 50140: 1993 / IEC (CEIl) 1004-4-3: 1995 / VDE 0847 T3
ENV 50141: 1993 / IEC (CEI) 1000-4-6 / VDE 0843 / 6

EN 61000-4-2: 1995 / IEC (CEI) 1000-4-2: 1995 / VDE 0847 T4-2
Prifscharfe / Level / Niveau = 2

EN 61000-4-4: 1995 / |EC (CEI) 1000-4-4: 1995 / VDE 0847 T4-4:
Prufscharfe / Level / Niveau = 3

EN 50081-1: 1992 / EN 55011: 1991 / CISPR11: 1991 / VDE0875 T11: 1992
Gruppe / group / groupe = 1, Klasse / Class / Classe = B

Datum /Date /Date
18.06.1996

Unterschrift / Signature /Signatur

Technical Manager/Directeur Technique

General information regarding the CE marking

HAMEG instruments fulfill the regulations of the EMC directive. The conformity
test made by HAMEG is based on the actual generic- and product standards. In
cases where different limit values are applicable, HAMEG applies the severer
standard. For emission the limits for residential, commercial and light industry are
applied. Regarding the immunity (susceptibility) the limits for industrial environment
have been used.

The measuring- and data lines of the instrument have much influence on emmission
and immunity and therefore on meeting the acceptance limits. For different
applications the lines and/or cables used may be different. For measurement
operation the following hints and conditions regarding emission and immunity should
be observed:

1. Data cables

For the connection between instruments resp. their interfaces and external devices,
(computer, printer etc.) sufficiently screened cables must be used. Without a special
instruction in the manual for a reduced cable length, the maximum cable length of
a dataline must be less than 3 meters long. If an interface has several connectors
only one connector must have a connection to a cable.

Basically interconnections must have a double screening. For IEEE-bus purposes
the double screened cables HZ72S and HZ72L from HAMEG are suitable.

2. Signal cables

Basically test leads for signal interconnection between test point and instrument
should be as short as possible. Without instruction in the manual for a shorter
length, signal lines must be less than 3 meters long.

Signal lines must screened (coaxial cable - RG58/U). A proper ground connection is
required. In combination with signal generators double screened cables (RG223/U,
RG214/U) must be used.

3. Influence on measuring instruments.

Under the presence of strong high frequency electric or magnetic fields, even with
careful setup of the measuring equipment an influence of such signals is
unavoidable.

This will not cause damage or put the instrument out of operation. Small deviations
of the measuring value (reading) exceeding the instruments specifications may
result from such conditions in individual cases.

December 1995
HAMEG GmbH




Technische Daten
Vertikal-Ablenkung

Betriebsarten: Kanal | oder Kanal II,
Kanal | und Kanal Il alternierend oder chop.,
(Chopperfrequenz ca. 0,5MHz)
Summe oder Differenz von Kl und K 1l
(beide Kandle invertierbar)
XY-Betrieb: Gber Kanal | und Kanal Il
Bandbreite: HM1004 2x 0-100MHz (-3dB)
HM1505 2x 0-150MHz (-3dB)
Anstiegszeiten: HM1004 <3,5ns,HM1505 <2,3ns
Uberschwingen: max. 1%
Ablenkkoeffizienten: 14 kalibrierte Stellungen
von 1mV/cm bis 20V/cm mit 1-2-5 Teilung
variabel 2.5:1 bis mindestens 50V/cm
Genauigkeit der kal. Stellungen:
ImV/cm-2mV/em: £5% (0 bis 10MHz (-3dB))
5mV/cm - 20V/cm: +3%
Eingangsimpedanz: 1IMQ |l 15pF
Eingangskopplung: DC-AC-GD
Eingangsspannung: max. 400V (DC + Spitze AC).
Verzogerungsleitung: ca. 70ns

Triggerung

Automatik(Spitzenwert): <20Hz-200MHz (<0,5cm)
Normal mit Level-Einstellung: DC-250MHz (<0,5cm)
Flankenrichtung: positiv oder negativ
ALT.-Triggerung; Triggeranzeige mit LED
Quellen: Kanal | oder I, K1 alternierend K II,
Netz und extern.Kopplung: AC (10Hz- 200MHz),
DC (0 -200MHz), HF (1,5kHz - 250MHz), LF (0 -
1,5kHz). NR (Noise reject): DC-50MHz (< 8mm)
Aktiver TV-Sync-Separator fur Bild und Zeile
Triggerung extern: 20,3Vss von DC bis 100MHz
Triggerung Zeitbasis B: mit Level-Einstellung
und Flankenwahl. DC-250MHz.

Horizontal-Ablenkung

Zeitbasis A: 22 kalibrierte Stellungen

von 0,5s/cm bis 50ns/cm mit 1-2-5 Teilung,
Genauigkeit der kalibrierten Stellungen: +3%
variabel 2,5:1 bis mindestens 1,25s/cm,

mit X-Dehnung x10 bis 5ns/cm +5%
Hold-off-Zeit: variabel bis ca. 10:1
Zeitbasis B: 18 kalibrierte Stellungen

von 20ms/cm bis 50ns/cm mit 1-2-5 Teilung,
Betriebsarten: A/ALT /B, (Single nur 1505)
Bandbreite X-Verstarker: 0-3MHz (-3dB).
Eingang X-Verstérker tiber Kanal Il,
Ablenkkoeffizienten wie Kanal Il,

X-Y- Phasendifferenz: <3° unter 120kHz.

Bedienung / Steuerung

Manuelliber Bedienungskndpfe

Auto Set(automatische Parametereinstellung)
Saveund Recall fiir 10 Einstellprogramme
Schnittstelle:RS-232(serienmafig).
Fernbedienung HZ68 (optionell).

Readout / Cursoren

Anzeige der Mel3parameter und diverser
Funktionen auf dem Bildschirm.
Cursormessungen von AU, At oder 1/At (Frequenz)
(Einzeln oder im Tracking-Betrieb).

Separate Einstellung der Readout-Helligkeit

Verschiedenes

Rohre: D14-375GH, 8x10cm, Innenraster.
Beschleunigungsspannung: ca. 14kV
Strahldrehung: auf Frontseite einstellbar
Kalibrator: Rechteckgenerator (t, <4ns),
=1kHz/1MHz; 0,2V £1%

Netzanschlul3: 100-240V +10%, 50/60Hz
Leistungsaufnahme: ca. 35 Watt bei 50Hz
Zul. Umgebungstemperatur: 0°C...+40°C
Schutzart: Schutzklasse | (IEC1010-1/VDE 0411)
Gewicht: ca. 5,6kg. Farbe: techno-braun
Gehdusemale: B 285, H 125, T 380 mm

Anderungen vorbehalten. 7/96

100MHz Analog-Oszilloskop HM1004 &
150MHz Analog-Oszilloskop HM 1505

mit Auto-Set, Save/Recall, Readout und Cursor

2 Kanéle, 1ImV - 50V/cm mit Verzdgerungsleitung, 1MHz Kalibrator
2 Zeitbasen bis 5ns/cm, alternierend und mit 2. Triggerung
Triggerung: DC -250MHz, TV-Sync. Separator. RS232-Schnittstelle

Die mit modernster Technik ausgestatteten Oszilloskope HM1004und HM1505
verfugen Uber ein prozessorgesteuertes System, das vor allem die Bedienung
weitgehend automatisiert. Dominierend sind dabei die "Autoset"- und "Save/
Recall"- Funktionen, mit welchen auch ungelibte Personen die Gerate sehr leicht
bedienen kdnnen. Selbstverstandlich sind alle Uber "Autoset™ gesetzten MeR-
parameter danach noch manuell veranderbar. Mit Hilfe der "Save/Recall"-
Funktionen kénnen 10 komplette Einstellprogramme inclusive Cursor ge-
speichert und jederzeit wieder aufgerufen werden. Der Abruf ist auch uber die
Fernbedienung HZ68 mdglich.

Alle kalibrierten Werte und diverse Funktionen werden mit Hilfe der "Rea-
dout"-Funktion auf dem Bildschirm angezeigt. Fir die genaue Ermittlung der Zeit-
, Frequenz- und Amplitudenwerte stehen 2 Cursoren zur Verfiigung.

Die hohe Ubertragungsgiite der MeRverstarker mit Verzégerungsleitung
erlaubt sowohl die naturgetreue Darstellung von impulsartigen Signalen, wie
auch Aufzeichnungen mit dem HM1004 bis in den Frequenzbereich um 200MHz
und dem HM1505 bis Uber 250MHz. Ebenso exzellent ist die Triggerung beider
Geréate. Bereits ab 5mm Bildhdhe werden einwandfrei stehende Bilder dargestellt.
Ferner gestattet die echte 2. Zeitbasis mit Hilfe der 2. Triggerung die Aufzeich-
nung stark gedehnter Signalausschnitte, auch wenn sie asynchron sind.

Als High-Tech-Geréte verfiigen die Oszilloskope HM1004 und HM1505 selbst-
versténdlich Gber ein Kalibrier-Meni. Mit diesem werden verschiedene Funktio-
nen durch Tastendruck automatisch kalibriert. Fur die Verwendung als Systemge-
rate sind beide Typen mit einer RS-232 Schnittstelle ausgeristet. Als Zubehdor

" werden Betriebsanleitung, Netzkabel und 2 Tastkdpfe mitgeliefert.

Foto mit 1MHz Rechteck- und 200MHz
Sinus-Signal, alternierend getriggert

Foto eines FBAS -Signals mit Burst-Dar-
stellung Uber Zeitbasis B u. 2.Triggerung
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HM1004 Block diagram
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AT-Board
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Timebase control

Timebase A:
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Name, Meaning and Type of signal

Name Type of signal| Board Meaning
1 \EXT-SW analog MB, AT signal from external trigger unit
2 \INTBON digital MB control signal for timebase B intensity
3 \WV1-TRG digital MB trigger mode switch CH1
4 \V2-TRG digital MB trigger mode switch CH2
5 5V CPU 5V stabil. MB. FC supply voltage for ADC, DACs, CPU
6 ADD digital MB addition CH1 + CH2
7 ALT-TB digital MB alternate timebase
8 ANA_MODE |digital MB controls analog- / digital mode
9 ANA-Z digital MB, RO control signal for READOUT intensity (analog-/ digital intens.)
10 AUTO_FOC |analog MB, CRT optimizes beam sharpness (max./min. intensity)
11 BLANK analog MB, CRT blanking signal
12 BLOUT digital MB unblank pulse
13 C_swi digital MB selects timebase A timing and holdoff capacitors
14 C_Sw2 digital MB selects timebase A timing and holdoff capacitors
15 CB_SW digital MB selects timebase B timing capacitors
16 CS_AD digital MB chip select ADC
17 CS_DA digital MB chip select DACs
18 CS_MAIN digital MB chip select X-PLD, TB & TRG-register
19 Cs1 digital MB chip select V-PLD
20 D_ANA digital MB, RO, YFA |controls digital-/analog readout
21 DARK2 digital MB. RO unblank signal for readout
22 DEL-EN digital MB enable DELAV-comparator
23 DEL-POS analog 10 bits| MB DELAV-comparator reference voltage
24 DIG_TR digital MB prepared for digital board
25 DY11 Signal MB prepared for digital board
26 DY12 Signal MB prepared for digital board
27 DY21 Signal MB prepared for digital board
28 DY22 Signal MB prepared for digital board
29 END-HO digital MB indicates the end of the holdoff time
30 END-SW-A MB indicates the end of timebase A ramp
31 END-SW-B MB indicates the end of timebase B ramp
32 EXT-SW Signal MB, AT external trigger signal
33 FOC_CTR analog MB, CRT line from focus potentiometer to CRT
34 FOC_FC analog MB, FC line from focus potentiometer to CRT
35 GATE-A digital MB timebase A control line
36 GATE-B digital MB timebase B control line
37 HOS digital MB minimum holdoff in AUTOSET condition
38 IA*10 digital MB timebase A
39 IA*100 digital MB timebase A
40 IA*2 digital MB timebase A
41 IA*5 digital MB timebase A
42 18*10 digital MB timebase B
43 IB*100 digital MB timebase B
44 IB*2 digital MB timebase B
45 18*5 digital MB timebase B
46 INT A+B analog 8 bits | MB intensity for A+B
47 INT A-B analog 8 bits | MB intensity for A-B
48 INT RDOT analog 8 bits | MB intensity for READOUT
49 LF-TRG digital MB control signal for LF trigger coupling
50 LINE-ON digital MB control signal for line (mains) triggering
51 LINE-TRG signal MB, PS line (mains) trigger signal
52 MAG_10 digital MB control signal for magnification
53 MAIN_CLK digital MB gated SCLK for X-PLD & register
54 PP- analog MB negative peak value
55 PP+ analog MB positive peak value
56 PP-DIS digital MB control signal for peak value discharge (i.e. Autoset..)
57 SCLK digital MB, FC, RO system clock
58 SDI digital MB, FC, RO serial data ADC,RO - CPU
59 SDO digital MB. FC. RO serial data CPU - V-PLD. ADC. DAC. Register, RO
60 SH-DI digital MB serial data register » X-PLD
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Name, Meaning and Type of signal

Name Type of signal| Board Meaning
62 START-A digital MB start timebase generator A
63 START-B digital MB start timebase generator B
64 START-HO digital MB start holdoff time
65 SWEEP-A analog MB timebase generator A output
66 SWEEP-B analog MB timebase generator B output
67 SYS-REF 2.5V MB, AT system reference
68 TBA ADJ analog 8 bits | MB calibrating voltage for timebase A
69 TBA-ON MB timebase A - X final amplifier
70 TBA-VAR 10 bit MB timebsae A variable
71 TBB ADJ analog 8 bits | MB calibration voltage for timebase B
72 TBB-ON digital MB timebase B - X final amplifier
73 TBB-VAR analog 10 bits| MB timebase B variable
74 TBS digital MB signals the sawtooth maximum (0.5V) in AUTOSET condition
75 TR EN digital MB prepared for digital board
76 TRACE-DA analog 8 bits | MB Y position of the separated Y-Signal
77 TR-A-IN MB trigger signal A
78 TRA-LEV analog 10 bits| MB trigger level A
79 TR-B-IN MB trigger signal B
80 TRB-LEV analog 10 bits| MB trigger level B
81 TRCOUNT digital MB Autoset: trigger counter: normal mode: trigger interrupt
82 ADJ analog 8 bits | MB DC-AP at trigger amplifier output
83 TRGMP analog MB trigger amplifier operating point
84 TV-FIELD digital MB frame sync. pulse for TV triggering
85 TV-LINE digital MB line sync. pulse for TV triggering
86 TV-SLOP digital MB polarity TV signal
87 X1y Signal MB X signal in X/Y mode, originates from channel 2
88 X/Y-ON digital MB control signal for X/Y mode
89 X-POS analog 10 bits| MB X position voltage
90 Y1l digital MB channel switch
91 V1-INV digital MB control signal for Invert switch CH1
92 Y1-POS analog 10 bits] MB Y2 position voltage
93 Y2 digital MB channel switch
94 Y2-INV digital MB control signal for Invert CH2
95 Y2-POS analog 10 bits) MB Y2 position voltage
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Adjustment Procedure

HM1004/1505
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ADJUSTMENT PROCEDURE
Analog Scope HM1004 / HM1505

WARNING
A The Instrument must be disconnected from the mains power supply whenever you open
the case, repair or exchange parts.

HIGH VOLTAGE WARNING!

Hazardous High Voltage of up to 12,000 Volts is present inside this Instrument. The areas
A particularly affected by High Voltage are the high voltage circuit on the PS-board, the CRT
anode contact and the CRT-board.

SERVICE AND ADJUSTMENT

e of this instrument should only be performed in accordance and in conjunction with the
operating manual and the WARNINGS contained therein, particularly ,,Service Instructions**
and ,,Operating Instructions*.

< should only be performed by suitable qualified and experienced service personnel, or should be
referred to one of the HAMEG companies listed on the rear cover of the manual.

Test Instruments required:

1) Scope Tester HZ 60-2.

2) Constant amplitude sinewave generator, 20Hz - 250MHz, output 5mV - 5V into 50Q,
preferably with 20dB attenuation (e.g. HM 8133, TEK SG502 + TEK SG503).

3) Amplitude Calibrator with 1kHz square wave output and 600Q impedance, risetime faster
than 150ns. Output voltage 2mV - 20Volts in 1-2-5 sequence for 4 divisions display
amplitude (e.g. HZ62, TEK PG506).

4)  Time mark generator from 5ns/div to 5s/div.

Output min. 10mV into 50Q (e.g. HZ62, TEK TG501).

5)  Pre-attenuator 2:1 (1 MQ parallel with 12-48pF), e.g. HZ20.

6) 50Q BNC through termination, e.g. HZ22.

7) 2 BNC-cables, 50Q, e.g. HZ34.

8) BNC-T-connector.

9) Oscilloscope probe 10:1, with exactly 9MQ series resistance
and compensated for test oscilloscope mentioned under 10).

10) Oscilloscope 100MHz, 5mV/div to 5V/div, e.g. HM1005.

11) Trimming/adjusting tool.

12) Variable output safety insulation transformer.

13) Video signal generator with positive and negative signal output.

This procedure covers all adjustments and the most important - but not all - performance checks.
The correct sequence of all adjustment steps must be strictly followed.

Exact adjustment is only possible when any influence of the earths’ magnetic field has been
compensated with the trimmer marked TR (trace rotation).

All adjustments should only be performed by qualified and experienced personnel. This is particularly
important for adjustments in the high voltage section of the instrument.

NOTE

The adjustment procedures assume that the instrument had once been properly adjusted in
the factory and adjustments are required due to temperature drift or the replacement of
defective components.

42 Subject to change without notice



Table of Contents

BASIC SETHNGS ...eiiieiiiiiiiiii ettt e e e e s e e e 43
2) R1066: +12 VOIt SUPPIY. coeeiiiiiiieee ettt e e e e e snibree e e e e e 45
3) VRB003: Trace Rotation ChECK. ........uuuuiiiiiiiiiiiiiiiieeieeeee ettt 45
4) R6013: CRT MiINIMUM INTENSILY. ..coiiiiciiiiiiiee it r e e e e e e e e e e e e e e e e e 45
5) R6024: AStigmAatiSM COMECTION. .....uviiieiiiiiiiiiiee ettt 45
6) VRI009: Y-Final Amplifier BalanCe. ..........ccuueviiiiiiiiiei e 45
7) R7004: Mean Readout Y-Plate Potential. ..........cccocuviiiiiiiiiiiiiiie e 47
8) R5015: AUtO FOCUS COITECLION. ...cvvviiiiiiiiiiiiiee e a7
9) R2001: 10Hz Squarewave 5mV/div CH | ..o, a7
10) R2002: 10Hz Squarewave 1mV/div Adjustment CH . .......cooovvvvvviviiiiiiiiiiieiennn, 47
11) R2005: 10Hz Squarewave 5mV/div CH 1. ..., a7
12) R2006: 10Hz Squarewave ImV/div CH Il ..., a7
13) R9001 (A),C9001 (B),R9004 (C),C9014 (D),R9010 (E): Y-Final Amplifier

C3061 (F),C3100 (G),C3049 (H): Main-Board ...........ccecuvvreeieeiiiiiiiiiieeee s 49
14) Y-Amplifier Bandwidth CheckK. ... 49
15) C2004, C2005, C2010, C2011: Attenuator Compensation CH I.......................... 49
16) C2060, C2061, C2066, C2067: Attenuator Compensation CH Il.............ccceevveee. 49
17) Calibration IMENUE. .......oiiiiiiieee et 51
18) CH T AMPIFIEE e e 51
) O I I 0 0T o] = OO 51
20) Trigger AMPHTIEE. ... e e e e e e e e e e 51
21) R4481: A-Sweep Start POSItION. ......ccvvvviiiiiiiiiiicieeeeeeee e, 51
22) R4430: B-Sweep Start POSITION. .......coooiiiiiiiiiiieeeiiiiieieee e 51
23) RABAL: X-GaIN XL, 1eiieiiiiie ettt e et ettt e ettt e ettt e e st e e e s be e e e eneeaesanbeeeaanreeaanns 51
24) A-Time Base AQJUSTMENT. .....ocooiiiiiiiiiie et 51
25) B-TiMe Base AJUSTMENT. .......uuuiiiiiiiiiiiiiiiii e e e e ee e e e e e e e e e e e e e e e e e s s snneeneneees 53
26) R4840: X-MagnifiCation XLO. .......uuuuuuirreiiiiiieiiiiiieeeieeeieeee e e e e e e e e e e s 53
27) RO008: Y-GaAIN CH . .eiiieiiiiiiiiiee ettt e e e et a e e e e eneees 55
28) Y-GaAIN CH IL. ettt ettt ettt et e e st e e e s nbeeeanreeeanns 55
29) R7002, R7003, R7001, R 7005: Readout POSItioN. ........ccooeeiiiiiiiiiieee 55
30) RAB3B9: XY-GAIN ..ueeiieiiiiiie ittt ettt et e et e e ettt e e enbee e e ebee e e s anbeeeaanbeeaanns 55
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35) Error Code TabeIIE: .....oeiiiii e 57

Before starting each adjustment procedure, set the oscilloscope to the following ba
f j E settings:

X-Section:
TIME/DIV. (TB-A) 100ns (readout)
TIME VAR. (TB-A) calibrated detent (A: 100ns)

NORM (trigger) off (NM LED dark)

TRIG. (coupling) AC (readout TR:...))

TRIG. LEVEL electrical center position (triggerpoint symbol in trace position)
TRIG. (SLOPE) rising slope symbol (readout TR:...)

HOLD OFF minimum (HO LED dark)

XY off (XY not displayed in the readout)

X-POS. electrical center position

X-MAG. x10 off (X-MAG. x10 LED dark)

ALT/B Timebase off (B time coefficient not displayed in the readout)

Y-Section:

CH I on, 5mV/div, calibrated, DC input coupling (readout CH1:5mV=)
CHII off (deflection coefficient and input coupling not displayed in the readout)
INVCHI &I off (both INV LEDs dark)

Y-POS | & Il electrical center position

EXTern (trigger) off (TR: EXT... not displayed in the readout)

CAL.-Section

CALIBRATOR 1 kHz
A If different settings are required, they are mentioned particularly for each subject.

sic
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ADJUSTMENT PROCEDURE

Locate and identify R1059 (1) on PS-Board (screened section).
Locate connector J4400 ( 8pole Molex) on MB-Board and identify pin 1.
Adjust R1059 (1) for exactly +115 Volts (+ 0.1 Volt) at J4400 pin 1 with respect to chassis.

2) R1066: +12 Volt supply.

Locate and identify R1066 (2) on PS-Board.

Locate connector J4400 (8pole Molex) on MB-Board and identify pin 6.

Adjust R1066 (2) for exactly +12 Volts (x 10mV) at J4400 pin 6 with respect to chassis.

At J4400 the other voltages +65V ( pin 2), -6V (pin 8), +5V (pin 4) and -1950V on the cathode
of the CRT depend on the correct +12 Volt adjustment. All these voltages with higher
tolerances must be checked and verified.

3) VR8003: Trace Rotation Check.

Locate and identify VR8003 (3) ,,TR* on the front panel.

Press channel | GD pushbutton to ground the input (readout: ,,CH1:ground symbol‘).
Rotate VR8003 (3) and check that the range of inclination of the baseline is at least 1mm
at both horizontal limits of the graticule.

Readjust baseline exactly parallel to the horizontal center line of the graticule.

Press channel | GD pushbutton to switch back to the basic setting.

4) R6013: CRT minimum intensity.

Locate and identify R6013 (4) on CRT-Board.

Set INTENS. control to fully left position (beep).

Press ADD-XY pushbutton briefly for XY mode (readout: both channel deflection coefficients and XY.)
Adjust R6013 (4) so that the dot just disappears.

Press ADD-XY pushbutton briefly for time base mode.

5) R6024: Astigmatism correction.

Locate and identify R6024 (5) on CRT-Board.

Press channel | GD pushbutton to ground the input (readout: ,,CH1:ground symbol‘).

Press ADD-XY pushbutton briefly for XY mode (readout: both channel deflection coefficients and XY.)
Adjust INTENS. (front panel) for low intensity.

Turn the FOCUS knob continuously to defocus the spot in both directions from the focus point
until the next procedure is finished.

Adjust R6024 (5) so that the spot shape does not change when defocussed.

Press ADD-XY pushbutton briefly for time base mode.

6) VR9009: Y-Final Amplifier Balance.

Locate and identify VR9009 (6) on YF-Board.

Switch the oscilloscope OFF.

Locate and identify the Delay-Line with the connections 6A and 6B.

Connect 6A and 6B (short) galvanically ( wire with crocodile clips).

Switch the oscilloscope ON.

Adjust VR9009 (6) to set the trace to the horizontal center line of the graticule.
Switch the oscilloscope OFF.

Remove the short-circuiting wire.

Switch the oscilloscope ON.
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7) R7004: Mean Readout Y-Plate Potential.

Locate and identify R7004 (7) on Readout-Board.

Press channel | GD pushbutton to ground the input (readout: ,,CH1:ground symbol‘).
Set trace to the horizontal center line of the graticule.

Locate and identify the ceramic (double) resistor R9037 with the connections 7A and 7B.

Connect a 10:1 probe to the Y-input of the control oscilloscope.

Set the controlscope to DC input coupling, 1V/div and 2ms/div time deflection coefficient.
Connect the probe crocodile clip with chassis.

Connect the probe tip with connector 7B.

Set the Y position control of the control oscilloscope in such a way, that the signal becomes visible.
The signal contains of a trace (+45V) that represents the trace and two 2ms AC signals representing
the readout signal.

Adjust R7004 (7) that the AC signal is set symmetrically to the DC content.

Remove the probe from connector 7B.

8) R5015: Auto Focus correction.

Locate and identify R5015 (8) on Main-Board.

Press channel | GD pushbutton to ground the input (readout: ,,CH1:ground symbol‘).

Turn the FOCUS knob for maximum trace sharpness. This setting must not be changed until
the following adjustment procedure is finished.

Press the INTENS. pushbutton briefly to switch over to readout intensity setting.

Turn the INTENS. knob fully clockwise (beep) for maximum readout intensity setting.

Adjust R5015 (8) for maximum readout sharpness.

9) R2001: 10Hz Squarewave 5mV/div CH I.

Locate and identify R2001 (9) in CH | section of the AT-Board.

Connect a 25mVpp/10Hz square wave signal via 50Q cable and 50Q through
terminator to input channel I.

Set time base to 10ms/div.

Adjust R2001 (9) for flat top.

10) R2002: 10Hz Squarewave 1mV/div Adjustment CH I.

Locate and identify R2002 (10) in CH I section of the AT-Board.

Connect a 5mVpp/10Hz square wave signal via 50Q cable and 50Q through terminator
to input channel 1.

Set input attenuator channel | to 1mV/div

Set time base to 10ms/div.

Adjust R2002 (10) for flat top.

11) R2005: 10Hz Squarewave 5mV/div CH Il

Press CH Il pushbutton to switch channel Il on.

Press CH | pushbutton to switch channel | off.

Locate and identify R2005 (11) in CH Il section of the AT-Board.

Connect a 25mVpp/10Hz square wave signal via 50Q cable and 50Q through
terminator to input channel 1.

Set time base to 10ms/div.

Adjust R2005 (11) for flat top.

12) R2006: 10Hz Squarewave 1mV/div CH Il

Press CH Il pushbutton to switch channel Il on.

Press CH | pushbutton to switch channel | off.

Locate and identify R2006 (12) in CH Il section of the AT-Board.

Connect a 5mVpp/10Hz square wave signal via 50Q cable and 50Q through terminator to
input channel II.

Set input attenuator channel Il to 1mV/div

Set time base to 10ms/div.

Adjust R2006 (12) for flat top.
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13) R9001 (A),C9001 (B),R9004 (C),C9014 (D),R9010 (E): Y-Final Amplifier.
C3061 (F),C3100 (G),C3049 (H): Main-Board

A

Connect a 1MHz square wave signal of 25mVpp via 50Q cable and 50Q throughtermination
to input CH I.

Set time base to 0.05us/div. for overshoot and 0.2us/div. for adjustments of the top.

Locate and identify the adjustment points R9001 (13A), C9001 (13B), R9004 (13C), C9014 (13D),
R9010 (13E) on YF-Board and C3061 (13F), C3100 (13G) on Main-Board.

Adjust all adjustment points for flat top, fast leading edge (minimum risetime) and minimum overshoot.

Please note: The adjustment points A and B are most important for the overshoot and bandwidth.
C, D, E, F and G influence the top.

Repeat the adjustment of each adjustment point until optimum is obtained.

Check channel Il under the same conditions and adjust C3049 (13H) for same bandwidth like CH I.

14) Y-Amplifier Bandwidth Check.

Connect a 40mVpp/50kHz sinewave signal from a constant amplitude generator via a

50Q throughtermination to the input of channel I.

Adjust the generator amplitude for 8 div. display height on the screen.

Increase the generator frequency until the signal height is 5.6 div. ( -3dB).

Repeat the adjustment under item 13), if the frequency reading on the generator shows a value less
than 100MHz.(150MHz for HM1505).

Repeat the same procedure under channel Il operating conditions.

15) C2004, C2005, C2010, C2011: Attenuator Compensation CH 1.

Locate and identify trimmers C2004(15C), C2005(15D), C2010(15A) and C2011(15B) in CH |
section of the AT-Board.

Set time base switch to 0.2ms/div.

Set amplitude calibrator to 1kHz, connect a 50Q cable at the generator output and via

a 2:1 pre-attenuator to input of CH I.

Set calibrator output voltage to 80mVpp (40mVpp at the 2:1 pre-attenuator output).

Check for 8 divisions signal height (5mV/div. attenuator setting).

Adjust trimmer in pre-attenuator for flat square wave top. This adjustment must not be
changed during the following procedure.

Adjust compensation as listed in the table below:

Scope Input Adjustment

Input Atten. CH I

250mVpp | 50mV/div 15A (C2010) flat top
15B (C2011) leading edge

2.5Vpp 0.5V/div 15C (C2004) flat top
15D (C2005) leading edge

16) C2060, C2061, C2066, C2067: Attenuator Compensation CH IlI.

Press CH Il pushbutton to switch channel Il on.

Press CH | pushbutton to switch channel | off.

Locate and identify trimmers C2060(16C), C2061(16D), C2066(16A), C2067(16B) in CH I
section of the AT-Board. Set time base switch to 0.2ms/div.

Set amplitude calibrator to 1kHz, connect a 50Q cable to the generator output and, via
a 2:1 pre-attenuator to input of CH I.

Set calibrator output voltage to 80mVpp (40mVpp at the 2:1 pre-attenuator output).

Check for 8 divisions signal height (5mV/div. attenuator setting).

Adjust trimmer in pre-attenuator for flat square wave top. This adjustment must not be
changed during the following procedure.

Adjust compensation as listed in the table below:

Scope Input Adjustment

Input Atten. CH Il

250mVpp | 50mV/div 16A (C2066) flat top
16B (C2067) leading edge

2.5Vpp 0.5V/div 16C (C2060) flat top
16D (C2061) leading edge
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17) Calibration Menue.
f Note: The oscilloscope must first be switched to the adjustment mode for the next 12 points.

Switch the oscilloscope OFF.

Switch the oscilloscope ON.

Press and hold the AUTO SET pushbutton after the HAMEG Logo appears.
Release the AUTO SET pushbutton after the Calibration Menue is on screen.
For error messages see 35).

18) CH | Amplifier

CH 1 AMP is highlight, press CURSOR ON/OFF pushbutton.
Oscilloscope is ,,working*“.CH 1 amplifier will be now adjusted.

19) CH Il Amplifier.

press Cursor Down pushbutton once.
CH 2 AMP is highlight, press CURSOR ON/OFF pushbutton.
Oscilloscope is ,,working““.CH 2 amplifier will be now adjusted.

20) Trigger Amplifier.

press Cursor Down pushbutton once.
TRIGGER-AMP is highlight, press CURSOR ON/OFF pushbutton.
Oscilloscope is ,,working‘“.Trigger-amplifier will be now adjusted.

21) R4481: A-Sweep Start Position.

Press Cursor Down pushbutton once.

SWEEP-GENERATOR is highlight, press CURSOR ON/OFF pushbutton.
Locate and identify R4481 (21) on MB-Board.

Set A-time base to 200us/div.

Press A/ALT/B once, set B-time base also to 200us/div.

Turn DEL.POS left until Dt:39.0us in display shows.

Adjust R4481 (21) the dim A-trace 2mm before the bright B-trace.

22) R4430: B-Sweep Start Position.

Locate and identify R4430 (22) on MB-Board.
Adjust R4430 (22) to the beginning of A-trace on left side.

23) R4841: X-Gain x1.

Locate and identify R4841 (23) on MB-Board.
Adjust R4841 (23) for 10.2 div sweep length.

24) A-Time Base Adjustment.

Note: Now the adjustment mode is present. Any change of the VAR. 2.5:1 knob in the
TIME/DIV. section of the front panel causes a new adjustment of the selected time
coefficient. After the TIME/DIV. setting was changed, the adjustment is stored.

Remark: The horizontal center line of the graticule must be used for the reading to avoid
A uncertainties due to deflection unlinearities. The manual contains a list of frequencies which
must be used for the different time base settings if a sine wave generator is used for
adjustment purposes. For a high accuracy use the zero (voltage) crossing of a sine wave signal
for the reading.

Set time mark generator to 20 MHz (0.05us/period) and connect the signal to CH | input.

Set input attenuator CH | to a suitable setting for a signal display of approx. 4 divisions height.
Press both NORM pushbuttons briefly for normal triggering mode.

Turn TRIG. LEVEL knob for exact triggering.

Set time base to 0.05us/div.
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Move trace with X-Pos. control so that the first time mark coincides with the first left graticule
line of the screen.

Rotate VAR. 2.5:1 (TIME/DIV) (24) until the 11th time mark coincides with the last right
graticule line. If only 10 time marks are visible, set the 10th time mark on the last but one
(next to the last) right graticule line.

Save the time base adjustment by pressig the SAVE pushbutton.

Set time mark generator to 10 MHz and time base to 0.1us/div.

Rotate VAR. 2.5:1 (TIME/DIV) (24) until the 11th time mark coincides with the last right graticule

line. If only 10 time marks are visible, set the 10th time mark on the last but one (next to
the last) right graticule line.

Save the time base adjustment by pressig the SAVE pushbutton.

Operate for each time base setting in the same way until 500ms/div.

Set time base from 500ms/div to 0.05ps/div.

Set time mark generator to 20 MHz (0.05us/period) and connect the signal to CH | input.

Set input attenuator CH | to a suitable setting for a signal display of approx. 4 divisions height.

Press both NORM pushbuttons briefly for normal triggering mode.

Turn TRIG. LEVEL knob for exact triggering.

Set time base to 0.05us/div.

Move trace with X-Pos. control so that the first time mark coincides with the first left
graticule line of the screen.

Rotate time base variable control to fully left position.

Now more than 2.5 time marks per division must be displayed.

Check all TIME/DIV. settings with suitable signals in the same way.

25) B-Time Base Adjustment.

Set time mark generator to 20 MHz (0.05us/period) and connect the signal to CH | input.
Set input attenuator CH | to a suitable setting for a signal display of approx. 4 divisions height.
Press both NORM pushbuttons briefly for normal triggering mode.
Turn TRIG. LEVEL knob for exact triggering.
Set A-time base to 5us/div.
Press A/ALT/B pushbutton two times.
Set B-time base to 50ns.
Move trace with X-Pos. control so that the first time mark coincides with the first left graticule line
of the screen.
Rotate VAR. 2.5:1 (TIME/DIV) (24) until the 11th time mark coincides with the last right graticule
line. If only 10 time marks are visible, set the 10th time mark on the last but one (next to the last)
right graticule line.
Save the time base adjustment by pressig the SAVE pushbutton.
Set time mark generator to 10 MHz and time base to 0.1us/div.
Rotate VAR. 2.5:1 (TIME/DIV) (24) until the 11th time mark coincides with the last right
graticule line. If only 10 time marks are visible, set the 10th time mark on the last but one
(next to the last) right graticule line.
Save the time base adjustment by pressig the SAVE pushbutton.
Adjust B-time base up to 5us/div the same way.
Press A/ALT/B pushbutton once.
Set A-time base to 1ms/div.
Press A/ALT/B pushbutton two times.
Set B-time base to 10us/div.
Set time mark generator to 100KHz.
Rotate VAR. 2.5:1 (TIME/DIV) (24) until the 11th time mark coincides with the last right
graticule line. If only 10 time marks are visible, set the 10th time mark on the last but one
(next to the last) right graticule line.
Operate for each time base setting in the same way until 20ms/div.

26) R4840: X-Magnification x10.

Locate and identify R4840 (26) on MB-Board.

Press pushbutton X-Mag. x10 (x10 LED lit).

Set time base to 1us/div. Set time mark generator to 10 MHz and connect signal to channel | input.
Set input attenuator CH | to a suitable setting for a signal display of approx. 4 divisions height.

Set X-POS control to mechanical center.

Using X-POS control, move the first visible time mark to the first left graticule line.

Adjust R4840 (28) so that the next time mark coincides with the last (right) graticule line.

Press RECALL pushbutton to exit SWEEP-GENERATOR adjust.
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27) R9008: Y-Gain CH I.

A

28) Y-Gain CH

A

press Cursor Down pushbutton once.

Y1/2-GAIN is highlight, press CURSOR ON/OFF pushbutton.

Locate and identify R9008 (27) on YF-Board.

Connect a 25mVpp/1kHz square wave signal via 50Q cable and 50Q through terminator
to input channel I.

Set time base to 1ms/div.

Adjust R9008 (27) for 5 division signal height.

Note: This adjustment affects Y-Gain CH II.
Il.
Note: The adjustment under item 27) must be finished before this procedure is started.

Press TRIG.SOURCE pushbutton once.

Connect a 25mVpp/1kHz square wave signal via 50Q cable and 50Q through terminator
to input channel II.

Set time base to 1ms/div.

Press VAR. pushbutton for CH Il once

Rotate VAR.(28) for 5 division signal height.

Press RECALL pushbutton to exit Y1/2-GAIN adjust.

29) R7002, R7003, R7001, R 7005: Readout Position.

Press Cursor Down pushbutton once.

Y1/2 POSITION is highlight, press CURSOR ON/OFF pushbutton.
Readout net and two traces appears.

Locate and identify R7002 (29A), R7003 (29B), R7001 (29C)and
R 7005 (29D) on Readout-Board.

Adjust net with R7002 (29A), R7003 (29B), R7001 (29C)and

R 7005 (29D) to the position on the CRT-GRID.

Set trace with POS | to upper net line.

Set trace with POS Il to lower net line.

Press SAVE pushbutton once.

Set trace with POS | to lower net line.

Set trace with POS Il to upper net line.

Press SAVE pushbutton once.

Press RECALL pushbutton to exit Y1/2 POSITION adjust.

Press AUTOSET pushbutton once to exit CALIBRATION MENUE.

30) R4839: XY-Gain

Press CH Il pushbutton to switch channel Il on.

Press CH | pushbutton to switch channel | off.

Locate and identify R4839 (30) on MB-Board.

Connect a 10kHz square wave signal of 25mVpp amplitude (HZ60-2) to input CH II.
Press XY pushbutton.

Set X-POS control that the left dot coincides with the graticule center.

Adjust R4839 (30) for a distance of 5 division between left and right dot.

31) VR7006: Calibrator Output.

Locate and identify VR7006 (31) on Readout-Board.

Connect a digital multimeter to the 0.2Vpp calibrator output.

Set up the digital multimeter for DC measurement on a suitable sensitivity setting.

Locate and identify IC7010 on CT-Board.

Connect pin 1 and pin 14 of IC7010 galvanically together.

Adjust VR7006 (31) for exactly 200mV + 1mV DC.

Remove the connection between pin 1 and pin 14 of IC7010.

Connect a 10:1 probe to the 0.2Vpp calibrator output and connect it to the CH | input of the scope.
Set time base to 0.2ms/div.
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Now approximately 2 signal periods should be visible on the screen.
Press 1kHz/1MHz pushbutton (in!).

Set time base to 0.5us position.

Check 1MHz calibrator signal.

Please note: Neither the calibrator frequency nor the pulse duty factor are specified.

32) Trigger Filter Check.

Set time base to 1ms/div.

Connect a 1kHz sinewave signal of 25mVpp amplitude to input CH | and check for full screen deflection.
Set input attenuator CH | to 50mV/div and check for 5mm display height.

Select trigger coupling AC, DC, HF and LF.

Except in HF trigger coupling condition, the signal must always trigger the oscilloscope.

Set time base to 20us/div.

Set sinewave generator to 50kHz and 25mV output amplitude and check for 5mm display height.
Select trigger coupling from AC, DC, HF and LF.

Except in LF trigger coupling condition, the signal must always trigger the oscilloscope.

33) Triggerbandwidth Check.

Set time base to 50ns/div.

Connect a 200MHz sinewave signal to input CH I.
Adjust generator output for 5mm display height.
The signal must be triggered.

34) External Trigger Check.

Set time base to 20us/div.

Set input attenuator CH | to 200mV/div.

Connect a 50 kHz sinewave signal via a 50Q through terminator with an amplitude of
280mVpp (100mVrms) to input CH | and check for 2.8div display height.
Set trigger LEVEL to electrical midrange position.

Check that the trigger ("TR") LED is lit.

Press TRIG. SOURCE pushbutton (readout: TR: EXE ...).

The TRIG. LED now must be dark.

Remove signal cable from input CH I.

Connect the signal cable to the TRIG.EXT. socket.

Now the TRIG. LED must lit.
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35) Error Code Tabel:

The data field is internally checked for logical errors which are protocolled in the RETURNCODE. The following
RETURNCODEs are implemented:

0 = no error 1 = syntax error 2 = data error
3 = bhuffer overlow 4 = bad data set 5 = adjustment error

Explanation of the calibration menu

Precondition: All BNC sockets not connected (open).

CH1 AMP

1. Automatic Attenuator-Balance Adjustment.

ERROR = OF (adjustment impossible).

Voltage range at TRGMP (R4041 on main board) or at IC2011 / R2261 (attenuator board) exceeded.
Supposed error: attenuator board.

ERROR = 13 is displayed if the peak-peak circuit is defective.

2. Automatic Variable-Gain Balance Adjustment.

ERROR = 11 (adjustment impossible).

Voltage range at TRGMP (R4041 on main board) or at IC2011/R2057 (attenuator board) exceeded.
Supposed error: Amplifier-symmetry 1C2012/1C2013 (attenuator board).

ERROR = 13 is displayed if the peak-peak circuit is defective.

3. Automatic Invert-Balance Adjustment.

ERROR = OA (adjustment impossible)

Voltage range at IC3009B (main board) or at IC2011 / R2263 (attenuator board) exceeded.
Supposed error: Y-amplifier between 1C2012 and transistors T3004/5, T3010/11 (main board).

ERROR = 13 is displayed if the peak-peak circuit is defective.

CH2 AMP

1. Automatic Attenuator-Balance Adjustment.

ERROR = 10 (adjustment impossible).

Voltage range at TRGMP (R4041 on main board) or at IC2011 / R2270 (attenuator board) exceeded.
Supposed error: attenuator board.

ERROR = 13 is displayed if the peak-peak circuit is defective.

2. Automatic Variable-Gain Balance Adjustment.

ERROR = 12 (adjustment impossible).

Voltage range at TRGMP (R4041 on main board) or at IC2011/R2165 (attenuator board) exceeded.
Supposed error: Amplifier-symmetry 1C2033/1C2034 (attenuator board).

ERROR = 13 is displayed if the peak-peak circuit is defective.

3. Automatic Invert-Balance Adjustment.

ERROR = OA (adjustment impossible)

Voltage range at IC3009B (main board) or at IC2011 / R2165 (attenuator board) exceeded.
Supposed error: Y-amplifier between 1C2012 and transistors T3018/3019/3020/3021 (main board).

ERROR = 13 is displayed if the peak-peak circuit is defective.
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4. Automatic IC3009B (main board) check.

ERROR = 14 is displayed if the output voltage at IC3009B pin 7 exceeds the limits.

CH1/2 AMP

1. Manual Y-Position Adjustment.

ERROR = 14.

Y-Position control voltage exceeds the normally required value for this position setting. The error message

appears if the voltage difference indicates a + or - 5 division (voltage) deviation caused by a defective component
in the Y position control circuit.

TRIGGER-AMP

1. CH1 Automatic Trigger Operating Point Adjustment.

Determines the trigger operating point under HF trigger coupling conditions and sets it to the same value as
under AC trigger coupling conditions.

ERROR = 0C (adjustment impossible).

Voltage range at TRGMP (R4041 on main board) exceeded.

2. CH2 Automatic Trigger Operating Point Adjustment.

Determines the trigger operating point under HF trigger coupling conditions and sets it to the same value as
under AC trigger coupling conditions.

ERROR = 0D (adjustment impossible).

Voltage range at TRGMP (R4041 on main board) exceeded.

Adjustment by T4023 (main board).

3. Automatic Trigger Amplifier Operating Point Adjustment in XY Mode.
Adjusts the trigger operating point on 2.5 Volt in XY mode.

ERROR = OE (adjustment impossible).

Voltage range at TRGMP (R4041 on main board) exceeded.
Adjustment by T4023 (main board).

4. Peak to Peak Voltage Check.

ERROR = 13.
Peak to Peak voltage deviates from 0 Volt. Supposed error: Peak - Peak circuit.

5. Automatic Trigger Offset Adjustment.

ERROR = 16.
Correction voltage for trigger comparator exceeded (i.e. comparator defective).
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