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OPERATORS SAFETY SUMMARY

The safety information in this summary is for operating personnel. Warnings and cautions will also be found

throughout the manual where they apply.

Terms in this Manual

CAUTION statements identify conditions or practices
that could result in damage to the equipment or
other property.

WARNING statements identify conditions or practices
that could result in personal injury or loss of life.

Terms as Marked on Equipment

CAUTION indicates a personal injury hazard not im-
mediately accessible as one reads the markings, or
a hazard to property, including the equipment itself.

DANGER indicates a personal injury hazard immedi-
ately accessible as one reads the marking.

Symbols in this Manual

This symbol indicates where applicable
cautionary or other information is to
be found. For maximum input voltage
see Table 1-1.

Symbols as Marked on Equipment

? DANGER—High voltage.
@ Protective ground (earth) terminal.
A ATTENTION—Refer to manual.

Power Source

This product is intended to operate from a power
source that does not apply more than 250 V rms
between the supply conductors or between either
supply conductor and ground. A protective ground
connection, by way of the grounding conductor in
the power cord, is essential for safe operation.

viii

Grounding the Product

This product is grounded through the grounding con-
ductor of the power cord. To avoid electrical shock,
plug the power cord into a properly wired recepta-
cle before making any connections to the product
input or output terminals. A protective ground con-
nection, by way of the grounding conductor in the
power cord, is essential for safe operation.

Danger Arising From Loss of Ground

Upon loss of the protective-ground connection, all
accessible conductive parts, including knobs and
controls that may appear to be insulating, can ren-
der an electric shock.

Use the Proper Power Cord

Use only the power cord and connector specified for
your product.

Use only a power cord that is in good condition.
For detailed information on power cords and con-

nectors, see Figure 2-2.

Use the Proper Fuse

To avoid fire hazard, use only a fuse of the correct
type, voltage rating and current rating as specified in
the parts list for your product.

Do Not Operate in an Explosive
Atmosphere

To avoid explosion, do not operate this instrument in
an explosive atmosphere unless it has been specifi-
cally certified for such operation.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product
covers or panels. Do not operate the product with-
out the covers and panels properly installed.
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SERVICING SAFETY SUMMARY

FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary

Do Not Service Alone

Do not perform internal service or adjustment of this
product unless another person capable of rendering
first aid and resuscitation is present.

Use Care When Servicing With Power On

Dangerous voltages exist at several points in this
product. To avoid personal injury, do not touch ex-
posed connections or components while power is
on.

Disconnect power before removing protective
panels, soldering, or replacing components.

Power Source

This product is intended to operate from a power
source that does not apply more than 250 volts rms
between the supply conductors or between either
supply conductor and ground. A protective ground
connection by way of the grounding connector in the
power cord is essential for safe operation.
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Section 1—2246A Service

SPECIFICATION

INTRODUCTION

The 2246A is a 100 MHz, four-channel, dual-sweep,
portable oscilloscope for general-purpose use. A
microprocessor-based operating system controls
most of the functions in the instrument, including a
fully integrated menu-driven voltage and time
measurement system with SmartCursors®, Other
features include single-button automatic front-panel
setup and a menu-driven store/recall setup func-
tion. A menu-driven service mode provides for
configuring of certain menu and readout displays,
internal calibration, and servicing diagnostics.

The vertical deflection system has four input chan-
nels. Two channels have 11 basic deflection factors
from 2 mV to 5 V per division, and two channels
have two basic deflection factors of 0.1 V and 0.5 V
per division. Basic deflection factors can be
extended with attenuator probes. VOLTS/DIV
readouts are switched to display the correct vertical
scale factors when properly coded probes are con-
nected to the vertical input connectors.

The horizontal deflection system provides single,
dual, or delayed sweeps from 0.5 s to 20 ns per
division (delayed sweep, 5 ms to 20 ns per division).
The trigger system provides stable triggering over
the full bandwidth of the vertical deflection system.

Alphanumeric crt readouts of the vertical and hori-
zontal scale factors are displayed at the bottom of
the screen. On-screen vertical and horizontal
cursors provide accurate voltage, time, frequency,
and phase measurements; measurement values are
displayed at the top of the crt.

The measurement features include voltage
measurements for +Peak, -Peak, Peak-to-Peak,
and average DC, or positionable cursors for
measuring voltage difference, time difference,
frequency, and phase. SmartCursors® that visually
track voltage measurements, trigger levels, and
ground can be placed on displayed waveforms.
Delay-time and delta—-delay measurements for time,
frequency, and phase are available in ALT and B
Horizontal Modes.

By pressing a single button (AUTO SETUP), the
front-panel controls can be set up to produce a
usable waveform display based on the voltage and
time characteristics of the input signals.

The Store/Recall system lets you store and recall up
to 20 different front-panel setups. Stored setups
can be arranged in sequences as required for
specific applications.

STANDARD ACCESSORIES

The following items are standard accessories
shipped with the 2246A instrument:

2 Probes, 10X, 1.5 meter, with accessories
1 Power cord

1 Power cord clamp

1 Operators manual

1 Reference guide

1 CRT filter, blue plastic (installed)

1 Fuse, 2A, 250 V, slow-blow

1 Accessory pouch, ziploc

See Section 8 “Options and Accessories” for part
numbers and further information about standard
accessories and a list of the recommended optional
accessories. For more information on accessories
and ordering assistance, contact your Tektronix
representative or local Tektronix Field Office.

RECOMMENDED RECALIBRATION
SCHEDULE

To ensure accurate measurements, check the per-
formance of this instrument every 2000 hours of
operation, or, if used infrequently, once each year.
Replacement of components in the instrument may
also necessitate readjustment of the affected
circuits.

PERFORMANCE CONDITIONS

The electrical characteristics given in Table 1-1 are
valid when the instrument has been adjusted at an
ambient temperature between +20°C and +30°C,
has had a warm-up period of at least 20 minutes,
and is operating at an ambient temperature between
0°C and +40°C (unless otherwise noted).

1-1
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ltems listed in the Performance Requirements
column are verifiable qualitative or quantitative limits
that define the measurement capabilities of the
instrument.

Environmental characteristics are given in
Table 1-2. This instrument meets the requirements

1-2

of MIL-T-28800D, paragraphs 4.5.5.1.3, 4.5.5.1.4,
and 4.5.5.1.2.2 for Type Ill, Class 5 equipment,
except where noted otherwise.

Physical characteristics of the instrument are listed
in Table 1-3.
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Table 1-1
Electrical Characteristics

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

VERTICAL DEFLECTION SYSTEM — CH 1 AND CH 2

Deflection Factor
Range

2 mV/div to 5 V/div in 1-2-5 sequence?

Accuracy (includes
ADD MODE and CH 2
INVERT)

156°C to 35°C

Within * 2%.

-10°C to 15°C
and 35°C to 55°C

Within +3%.2

Variable Range

Increases deflection factor by at least 2.5:1.

Frequency Response
(-3 dB bandwidth)

-10°C to 35°C
5 mV/div to 5 V/div

Dc to 100 MHz (at the probe tip).

2 mv/div

Dc to 90 MHz (at the probe tip).

35°C to 55°C

Dc to 90 MHz (at the probe tip).2

AC Coupled Lower

-3 dB Point
1X Probe 10 Hz or less.
10X Probe 1 Hz or less.

Step Response (5-division
step)

Rise Time

-10°C to 35°C

5 mV/div to 5 V/div

3.5 ns or less (calculated) 2

2 mv/div

3.9 ns or less (calculated).2

35°C to 55°C

3.9 ns or less (calculated) @

Delay Match (CH 1 to CH 2)

Less than 200 ps difference.

a
Performance Requirement not checked in manual.
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Table 1-1 (cont)
Electrical Characteristics

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

Common Mode Rejection
Ratio (CMRR)

At least 10:1 at 50 MHz for signals of eight
divisions or less with VOLTS/DIV VAR adjusted

for best CMRR at 50 kHz.

Channel Isolation
(attenuation of
deselected channel)

2 mV/Div to 0.5 V/Div

10 MHz 100 MHz
50 dB (= 316:1) 34 dB (= 50:1)
or more or more

Channel isolation tested with eight—division input signal.

Trace Shift as VAR
VOLTS/DIV is Turned

1 division or less.

Invert Trace Shift

1 division or less.

Trace Shift Between
VOLTS/DIV Switch Positions

0.2 division or less.

Trace Shift Between GND
and DC input Coupling

-10°C to 35°C

Less than 0.5 mV.

35°C to 65°C

Less than 2 mV2

Position Range

At least *11 divisions from graticule center.

Input Characteristics

Resistance 1MQ *0.15%.2
Capacitance 20 pF *1 pF2
Capacitance Match
Between Any Two

+0.5 pF.

VOLTS/DIV Settings

Maximum Input
Volts

400 V (dc + peak ac); 800 V p-p at 10 kHz
or less2 (See Figure 1-1.)

2 performance Requirement not checked in manual.
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Table 1-1 (cont)
Electrical Characteristics

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

VERTICAL DEFLECTION SYSTEM — CH 3 AND CH 4

Deflection Factor

Range 0.1 V per division and 0.5 V per division2
Accuracy

156°C to 35°C Within +2%.

-10°C to 55°C Within +3%.

Frequency Response
(-3 dB bandwidth)

-10°C to 35°C

Dc to 100 MHz (at the probe tip).

356°C to 55°C

Dc to 90 MHz (at the probe tip).a

Step Response (5-division step)
Rise Time

-10°C to 35°C

3.5 ns or less.?

35°C to 65°C

3.9 ns or less.@

Delay Match (CH 3 to CH 4)

Less than 200 ps difference.

Trace Shift Between
VOLTS/DIV Settings

1 division or less.

Position Range

At least +11 divisions from graticule center.

Channel Isolation
(attenuation of
deselected channel)

34 dB or more at 100 MHz.

Channel isolation tested with eight-division
input signal.

Input Characteristics

Resistance

1 MQ $1.0%.2

Capacitance

20 pF +1 pF.2

Maximum_ Input
Volts

400 V (dc + peak ac); 800 V p-p at 10 kHz or less?®
(See Figure 1-1).

a
Performance Requirement not checked in manual.
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Table 1-1 (cont)

Electrical Characteristics

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

VERTICAL DEFLECTION SYSTEM — ALL CHANNELS

Bandwidth Limit
(-3 dB bandwidth)

20 MHz %£15%.

Low Frequency Linearity
(Relative to
center screen)

Within +5%.

Linearity is measured by positioning a two-division test signal
anywhere on screen and noting the amplitude change.

TRACE SEP Control
Position Range

At least * 4 divisions.

CHOP Mode Clock Rate

625 kHz +10%.2

Delay Match (CH 1 or CH 2
to CH 3 or CH 4)

Less than 200 ps difference.

HORIZONTAL DEFLECTION SYSTEM

Sweep Range

A Sweep 0.5 s/div to 20 ns/div in a 1-2-5 sequence.?
X10 magnifier extends maximum sweep speed to 2 ns/div.
B Sweep 5.0 ms/div to 20 ns/div in a 1-2-5 sequence?
X10 magnifier extends maximum sweep speed to 2 ns/div.
Accuracy Unmagnified Magnified
156°C to 35°C +2% +3%
-10°C to 15°C + 3% +4%

and 35°C to 55°C

Sweep Accuracy applies over the center eight
divisions. Excludes the first 1/4 division or

25 ns from the start of the magnified sweep
and anything beyond the 100th magnified
division.

aPerformam:e Requirement not checked in manual.
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Table 1-1 (cont)
Electrical Characteristics

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

HORIZONTAL DEFLECTION SYSTEM (cont)

Sweep Linearity
(relative to center two
displayed divisions)

t 5%.

POSITION Control Range
Normal Displays

Able to move the start of the sweep to the right of the
center vertical graticule; able to move a time mark
corresponding to the end of the tenth division of an
unmagnified sweep to the left of the center graticule.

X-Y Displays

At least 13 divisions.?

X10 Magnifier

Registration (X10 to X1)

Expands the normal sweep by ten times around that portion
of the sweep positioned at the center vertical graticule line.2

0.5 division or less shift.

Variable Control Range

Continuously variable between calibrated SEC/DIV settings.
Extends both the A and B sweep time per division by at least
a factor of 2.5.

Sweep Length

Greater than 10 divisions.

Delay Time

Delay Control Range

Less than 0.1 division to 10 times the A SEC/DIV switch
setting. Maximum value does not exceed end of the A sweep.

Jitter

1 part in 20,000, or less, peak-to—peak, during a two-
second time interval.

Delta Time

Delta Control Range

0 to greater than 9.9 divisions to the right of setting of DELAY
control, but maximum value does not exceed end of the A
Sweep.

2 performance Requirement not checked in manual.
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Table 1-1 (cont)

Electrical Characteristics

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

A AND B TRIGGER

Sensitivity—CH 1 through
CH 4: AUTO LEVEL,
NORM AND SINGLE
SEQUENCE

COUPLING
DC

Trigger sensitivity is defined as the minimum peak-to-peak
sine-wave trigger signal amplitude required to show the test
signal with horizontal jitter of less than 3.0% of one period
(p-p viewed over two seconds).

0.35 division from dc to 25 MHz, increasing to 1.0 division at
150 MHz (100 MHz in AUTO LEVEL).

NOISE REJECT

1.4 division from dc to 25 MHz; increasing to 2.2 division at
100 MHz. 0.5 division or less will not trigger.

HF REJECT 0.35 division from dc to 50 kHz; attenuates signals above
upper -3 dB cutoff frequency of 70 kHz.

LF REJECT 0.35 division from 100 kHz to 25 MHz, increasing to 1.0 division
at 150 MHz; attenuates signals below the lower -3 dB cutoff
frequency of 50 kHz.

AC 0.35 division from 50 Hz to 25 MHz, increasing to 1.0 division

at 150 MHz (100 MHz in AUTO LEVEL); attenuates signals
below the lower -3 dB cutoff frequency of 10 Hz.

TV LINE, TV FIELD

0.5 division of composite sync will achieve a stable display.

AUTO LEVEL and AUTO MODE
Trigger Low-Frequency Limit

10 Hz.

LEVEL Control Range

1 20 divisions referred to the appropriate vertical input.

This range is sufficient to allow triggering at any point on a
displayed waveform for all modes except “ADD”. In ADD, the
combined range of the two position controls exceeds the
trigger level range, making it possible (though unlikely) to pull
a signal on screen for display but fail to trigger to it due to
insufficient trigger level range.

1-8
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Table 1-1 (cont)
Electrical Characteristics

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

TRIGGER LEVEL
READOUT Accuracy

1 (0.3% of reading + 10% of one vertical division).

HOLDOFF Control Range

increases A Sweep holdoff time by at least a factor of 10.2

FUNCTIONS WITH DIGITAL READOUT

Specifications for functions with digital readout are valid only
when the ambient temperature is within £10°C of the
temperature at the time of the last SELF CAL. For maximum
performance, a recent SELF CAL is recommended.

VOLTMETER FUNCTIONS
DC VOLTS

Accuracy

t (0.5% of reading + 2% of the SEC/DIV division + 250 pV).

Normal Mode
Rejection Ratio

Greater than 50 dB at 50 or 60 Hz.

PLUS or MINUS Peak

Accuracy—Full Bandwidth
25 Hz to 25 MHz

+ (2.0% of reading + 15% of one vertical division + 1 mV).

Greater Than
25 MHz to 100 MHz

+0.5 dB/-3 dB *1 mV. Follows the trigger system frequency
response curve.

Accuracy—Bandwidth Limited
(25 Hz to 10 MHz)

*(2.0% of reading + 10% of one vertical division + 0.3 mV).

Gated Region Minimum Width
(when gated)

(0.2 division + 50 ns) or less.

2performance Requirement not checked in manual.
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Table 1-1 (cont)
Electrical Characteristics

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

PK-PK VOLTS

Accuracy—Full Bandwidth
25 Hz to 25 MHz

1 (2.0% of reading + 15% of one vertical division + 0.3 mV).

Greater Than
25 MHz to 100 MHz

+0.5 dB/-3 dB *1.5 mV. Follows the trigger system frequency
response curve.

Accuracy—Bandwidth Limited
25 Hz to 10 MHz

1 (2.0% of reading + 10% of one vertical division + 0.5 mV).

Gated Region Minimum Width
(when gated)

(0.2 division + 50 ns) or less.

CURSOR FUNCTIONS

k= SEC— (manually positioned
cursors)

Accuracy

+(0.5% of reading + 2% of the SEC/DIV setting).

k= 1/SEC = (manually positioned
cursors)

Accuracy

Readout calculated from & SEC —| cursor positions.

k= VOLTS = (manually positioned

cursors)
Accuracy +(0.5% of reading + 2% of the VOLTS/DIV setting + high-
frequency display errors).
7 voLts -

(manually positioned cursor)

Accuracy

+(0.5% of reading + 2% of the VOLTS/DIV setting + high-

frequency display errors).




Specification—2246A Service

Table 1-1 (cont)
Electrical Characteristics

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

e~ PHASE | (manually
positioned cursors)

Accuracy

Readout calculated from &= SEC — cursor positions.

TRACK MEASUREMENT

Position Accuracy (Cursor
position on waveform
versus digitally displayed
measurement value)

Within * 0.05 vertical division.

TRACK TRIG LEVEL

Position Accuracy (Cursor
position on waveform
versus digitally displayed
measurement value)

Within + 0.05 vertical division.

TRACK GROUND

Position Accuracy (Cursor
position on waveform
versus baseline displayed
with grounded input)

Within * 0.05 vertical division.

DELTA TIME FUNCTIONS

DELTA TIME Accuracy

1 (0.5% of reading + 1.0% of one division of the A Sweep).

DELTA 1/TIME Accuracy

Readouts calculated using DELTA TIME difference.

DELTA Phase Accuracy

Readouts calculated using DELTA TIME difference.

Delay Accuracy, A Sweep Trigger
Point to start of B Sweep

*+(0.5% of reading + 5.0% of one division of the A Sweep
+ 25 ns).

1-11
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Table 1-1 (cont)
Electrical Characteristics

CHARACTERISTICS PERFORMANCE REQUIREMENTS

X-Y OPERATION

Deflection Factors Same as Vertical deflection system with the
VOLTS/DIV variable controls in calibrated
detent position.?

Accuracy
Y Axis

15°C to 35°C Within + 2%.

-10°C to 15°C
and 35°C to 55°C Within +3%.2

X Axis
15°C to 35°C Within * 3%.

-10°C to 156°C
and 35°C to 55°C Within £3%.2

Horizontal (X—-Axis) -3 dB Bandwidth 3 MHz or more.

Phase Match (DC Coupled) * 3 degrees from dc to 50 kHz.

EXTERNAL Z-AXIS INPUT

Active Region Lower Threshold +1.8 volts or less.

(intensity decreases above this

voltage)

Signal Required to Modulate an A or +3.8 volts or less (usable frequency: DC - 10 MHz).

B Trace of Normal intensit L
y External Z-Axis signal does not affect the readout or the

intensified zone intensity.

Maximum Input Voltage A 30 V (dc + peak ac); 30 V p-p ac at 1 kHz
or less.2
input Loading Represents less than one LSTTL load.?

aPerformance Requirement not checked in manual.
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Table 1-1 (cont)
Electrical Characteristics

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

PROBE ADJUST OUTPUT

Overshoot (rising and falling edge)

0.1% or less.

Output Voltage on PROBE
ADJUST Jack

0.5V 2% into 1t MQ load.

Repetition Rate

1 kHz % 25%.

FRONT PANEL SETUP MEMORY

Battery

3.0 V, 1200 mAH, Type BR-2/3AE2P, Lithium?2

WARNING —To avoid personal injury, have battery replaced
only by a qualified service person who understands proper
handling and disposal procedures for Lithium batteries.

Battery Shelf Life

At least five years.?

Data Retention Time

At least three years, or the remainder of the shelf life,
whichever is less2

POWER SOURCE

Line Voltage Range

90 Vac to 250 Vac?

Line Frequency

48 Hz to 445 Hz.2

Line Fuse

2 A, 250 V, slow blow?2

Maximum Power Consumption

100 Watts (155 VA).2

CRT DISPLAY
Display Area 8 by 10 cm?2
Geometry
Vertical 11/2 minor (0.1 div) at 8 by 8 cm centered area.
Horizontal *1/2 minor (0.1 div) at 8 by 10 cm centered area.

Trace Rotation Range

Adequate to align trace with center horizontal graticule line.

Standard Phosphor

P31.2

Y-Axis Orthogonality

0.1 division or less, over eight vertical divisions. No adjustment.

Nominal Accelerating Voltage

16.5 kv.2

2 performance Requirement not checked in manual,
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Figure 1-1. Maximum input voltage vs frequency derating curve for the CH 1, CH 2, CH 3,

or CH 4 input connectors.
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Table 1-2
Environmental Characteristics

CHARACTERISTICS

DESCRIPTION

STANDARD INSTRUMENT

Environmental Requirements

Instrument meets or exceeds the environmental requirements
of MIL-T-28800D for Type lil, Class 3, Style D equipment@

Temperature
Operating

-10°C to +55°C (+14°F to +131°F).

Non-operating

-61°C to +71°C (-60°F to +160°F).

Tested to MIL-T-28800D paragraphs 4.5.5.1.3 and 4.5.5.1.4,
except in 4.5.5.1.3, steps 4 and 5 (-10 °C operating test) are
performed ahead of step 2 (-51°C non-operating test).
Equipment shall remain off upon return to room ambient during
step 6. Excessive condensation shall be removed before
operating during step 7.

Altitude

Operating

To 4,572 m (15,000 ft). Maximum operating temperature
decreases 1°C per 1000 ft above 5000 ft.

Non-Operating

To 15,240 m (50,000 ft).

Humidity (Operating and
Non-operating)

Five cycles (120 hours) referenced to MIL-T-28800D
paragraph 4.5.5.1.2.2, for type lll, class 3 instruments.

Non-operating and operating at 95%, -0% to +2% relative
humidity. Operating at +30°C and +55°C for all modes of
operation. Non-operating at +30°C to +60°C.

Radiated and conducted Emission
required per VDE 0871

Meets Category B.

Electrostatic Discharge

Vibration (operating)

Conforms to Tektronix Standard 062-2862-00.

15 minutes along each of 3 major axes at a total displacement
of 0.25 inch p-p (4 g at 55 Hz) with frequency varied from

10 Hz to 55 Hz in 1-minute sweeps. Hold from 10 minutes

at 55 Hz in each of the three major axes. All major resonances
must be above 55 Hz.

2 performance not checked in manual.
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Table 1-2 (cont)
Environmental Characteristics

CHARACTERISTICS DESCRIPTION
Bench Handling Test MIL-STD-810D, Method 516.2, Procedure VI (MIL-T-28800D,
(cabinet on and cabinet off) Paragraph 4.5.5.4.3).
Transportation

Packaged Vibration Test Mests the limits of the National Safe Transit Association test

procedure 1A-B-1; excursion of 1 inch p-p at 4.63 Hz (1.1 g)
for 30 minutes on the bottom and 30 minutes on the side
(for a total of 60 minutes).

Package Drop Test Meets the limits of the National Safe Transit Association test
procedure 1A-b-2; 10 drops of 36 inches.
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Table 1-3
Mechanical Characteristics

CHARACTERISTICS

DESCRIPTION

STANDARD INSTRUMENT

Weight

With Front Cover, Accessories,
and Accessories Pouch
(without manual)

8.9 kg (19.6 Ib).

With Power Cord

7.9 kg (17.4 Ib).

Shipping Weight (Domaestic)

11.7 kg (25.8 Ib).

Overall Dimensions
Height

With Feet and Accessories
Pouch (empty)

See Figure 1-2, Dimensional drawing.

Approx. 176.5 mm (6.95 in).

Without Accessories Pouch

164 mm (6.46 in).

Width (with handie)

362 mm (14.26 in).

Depth
With Front Cover on

445.3 mm (17.53 in).

With Handle Extended

521 mm (20.51 in).

Cooling Forced air circulation; no air filter.
Finish Tek Blue, pebble-grain finish painted on aluminum cabinet.
Construction Aluminum alloy chassis. Plastic-laminate front panel.

1-17
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Table 1-3 (cont)
Mechanical Characteristics

CHARACTERISTICS

DESCRIPTION

RACKMOUNT INSTRUMENT

Weight

With Power Cord

10.0 kg (22.0 Ib).

Shipping Weight
Domestic, includes manual

14.2 kg (31.3 Ib).

Overall Dimensions

Height

Overall

See Figure 6-3, Dimensional drawing

168 mm (6.6 in).

Center of mounting rail
to bottom of cabinet

89 mm (3.5 in).

From cabinet top or bottom
to respective front-panel
mounting holes

38 mm (1.5 in).

Between front—panel mount-
ing holes

102 mm (4.0 in).

Width

Overall

483 mm (19.0 in).

Between mounting hole
centers

464 mm (18.3 in).

Between outer edges
of mounting rails

427 mm (16.8 in).

Between handle centers

450 mm (17.7 in).

Depth

Overall

516 mm (20.31 in).

Front panel to rear of
mounting rail (inside)

465 mm (18.3 in).

Front panel to rear of
mounting rail (outside)

472 mm (18.6 in).

Handles

44 mm (1.73 in).
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Table 1-3 (cont)
Mechanical Characteristics

CHARACTERISTICS

DESCRIPTION

Required Clearance dimensions

Height =178 mm (7 in).
Width =>448 mm (17-5/8 in).
Depth =508 mm (20 in).

Cooling

Forced air circulation; no air filter.

Finish

Tek Blue, pebble~grain finish painted on aluminum cabinet.

Construction

Aluminum alloy chassis, front-panel frame, and rear support.
Plastic-laminate front panel. Glass-laminate circuit boards.




Specification—2246A Service

Dimensions are in inches [mm]
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Figure 1-2. Dimensional outline drawing, standard cabinet.
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Figure 1-3. Dimensional outline drawing, rackmount cabinet.
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PREPARATION FOR USE

SAFETY

This section tells how to prepare for and to proceed
with the initial start-up of the TEKTRONIX 2246A
Oscilloscope.

Refer to the Safety Summary at the front of this
manual for power source, grounding, and other
safety considerations pertaining to the use of the in-
strument. Before connecting the oscilloscope to a
power source, read this section and the Safety
Summary.

LINE VOLTAGE AND POWER CORD

The 2246A operates on line voltages from 90 to
250 V with line frequencies ranging from 48 to
440 Hz. No line voltage selecting is necessary. The
detachable power cord may have to be changed to
match the power source outlet (see Figure 2-1).

The detachable three-wire power cord has a three-
contact plug for connection to both the power
source and the protective ground. The power cord is
secured to the rear panel by a securing clamp. The
protective ground contact on the plug connects
(through the power cord protective grounding con-
ductor) to the accessible metal parts of the instru-
ment. For electrical-shock protection, insert this
plug into a power-source outlet that has a properly
grounded protective—-ground contact.

Instruments are shipped with the required power
cord as ordered by the customer (see Figure 2-1).
Contact your Tektronix representative or local
Tektronix Field Office for additional power-cord
information.

Plug Line Reference Option
Configuration Usage Voltage Standards Number

Universal
Euro CEE (7).1LIV.VII
240v/ 240V | ece3 A1
10-16A

R A::'?:an ANSI C73.11
SR merica 120V | NEMAS1S-P | Standerd
S 15A
o MA =
& */\l

UK
240V/ 240V ;%’83;3 A2
/ 13A
{ Australian
M VRS 240V/ 240v AS C112 A3
|~ 10A
/ North
. Amornn ANSI C73.20
N 240V, 240v lngzwg;eds-t' A4
S 15A
T = |~
v witzerland
‘@ 220V/ 220V SEV AS

6A

Abbreviations:

ANSI| — American National Standards Institute

AS — Standards Association of Australia

BS — British Standards Institution

CEE — International Commission on Rules for the
Approval of Electrical Equipment

IEC — International Electrotechnical Commission

NEMA — National Electrical Manuf ‘s A iati

SEV — Schweizevischer Elektrotechischer Verein

(2931-21)6555-20

Figure 2-1. Optional power cords.

LINE FUSE

The instrument may be damaged if operated
with the wrong type and rating line fuse
installed.

To verify the proper value of the power-input fuse
for the 2246A, use the following procedure.

1. Disconnect the ac-power source from the
instrument.

2. Press in the fuse-holder cap with a straight-
bladed screwdriver, then release it with a slight
counterclockwise rotation.
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3. Pull cap (containing fuse) out of fuse holder.

4, Check that the fuse is of the type and rating as
specified on the rear panel.

5. If the installed fuse is not of the correct type and
rating, replace it with a proper fuse and reinstall
the fuse-holder cap.

INSTRUMENT COOLING

You must provide adequate airflow into the instru-
ment to prevent possible damage from overheated
components. Before turning on the power, make
sure that ventilation holes on the bottom and right
side of the cabinet are not blocked. After turning the
instrument on, check that air is being exhausted
from the right side ventilation holes.

START-UP

When the power is turned on, the instrument per-
forms a self-diagnostic routine. If the instrument
fails to come on and operate normally, the Trigger
MODE LEDs may be flashing to indicate the circuit
location of a start-up error. Also, under certain con-
ditions, the Tektronix Part Number of the device

2-2

where the error exists may be displayed on the
screen. Refer to Troubleshooting in the Maintenance
section of this manual for an explanation of the
start-up error codes.

When the instrument is turned on, a self-cal routine
may run to set the voltage- and timing-
measurement constants. During normal operation,
the power-on self cal happens only if the stored
constants have been lost as the result of a dead
memory back-up battery. The instrument may be
used with no reduction in the measurement accu-
racy by running the SELF CAL MEASUREMENTS rou-
tine from the SERVICE MENU after the instrument
has warmed up for at least 20 minutes.

To run the SELF CAL MEASUREMENTS routine:

Press the top and bottom menu-item select buttons.
Select INTERNAL SETTINGS MENU, then SELF CAL
MEASUREMENTS. Press RUN to start the routine,
then QUIT to return to the normal oscilloscope
mode.

DETAILED OPERATING INFORMATION

For operating information for specific instrument
functions, refer to the 2246A Operators Manual.
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THEORY OF OPERATION

SECTION ORGANIZATION

This section contains general and detailed descrip-
tions of the 2246A Oscilloscope circuitry. The Block
Diagram Description describes the general operation
of the instrument functional circuits. Each major
circuit is explained in detail in the Detailed Circuit
Description. Schematic and block diagrams show
the circuit components and interconnections be-
tween parts of the circuitry. The circuit descriptions
are arranged in the same order as the schematic
diagrams.

The detailed block diagrams and the schematic
diagrams are in the Diagrams section at the rear of
this manual. Smaller functional diagrams are in this
section near the associated text. The schematic
diagram associated with each circuit description is
identified in the text. For best understanding of the
circuit being described, refer to the applicable sche-
matic and functional block diagrams.

INTEGRATED CIRCUIT DESCRIPTIONS
Digital Logic Conventions

Digital logic circuits perform many functions within
the instrument. Functions and operation of the logic

circuits are represented by logic symbology and
terminology. Most logic functions are described
using the positive-logic convention. Positive logic is
a system where the more positive of two levels is
the TRUE (or 1) state; the more negative level is the
FALSE (or 0) state. In this logic description, the
TRUE state is high, and the FALSE state is low.
Voltages of a high or low state vary among individual
devices. For specific device characteristics of
common parts, refer to the manufacturer’s data
book.

Hybrids

The Channel 1 and Channel 2 attenuators and input
buffers are hybrid devices combining thick-film and
semiconductor technologies. These devices are
made with interconnected circuitry on a single
ceramic carrier and have improved performance
characteristics over a more discrete type circuit.

Linear Devices

The operation of individual linear integrated circuit
devices is described in this section using waveforms
or graphic techniques when needed to illustrate their
circuit action.

BLOCK DIAGRAM DESCRIPTION

INTRODUCTION

The Block Diagram Description gives an overview of
the schematic circuit functions as illustrated in Fig-
ure 3-1. It is provided as an aid in understanding the
overall operation of the 2246A Oscilloscope circuitry
before individual circuits are discussed in detail. The
Simplified Block Diagram illustration shows the basic
interconnections for signal flow and control signals.
Schematic diagram numbers that are referred to in
the text are shown by a diamond symbol in each
block of the figure.

VERTICAL INPUTS (Diagram 1)

The signals for viewing or for triggering are applied
to the CH 1 through CH 4 vertical input BNC connec-
tors via coaxial cables or probes. Channels 1 and 2
have a choice of AC or DC input coupling or GND.
Channels 3 and 4 have DC input coupling only.
Scaling of the Channel 1 and Channel 2 input signals
has a range of 2 mV per division to 5 V per division
without the use of external attenuators. Channels 3
and 4 are limited to two input attenuator choices:
0.1 V per div and 0.5 V per div.
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Figure 3-1. Simplified block diagram.
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Scaling of the Channel 1 and Channel 2 signals is
done by a series of switchable attenuators that pro-
vide either no attenuation, X10 attenuation, or X100
attenuation of the input signal. A low-impedance at-
tenuator following an input signal buffer produces
X1, X2, and X5 attenuation steps. Additional control
of input signal scaling is provided by the selectable
gain Vertical Preamplifiers (shown in Diagram 2).

Channel 3 and Channel 4 input signals are buffered
by high input impedance FET amplifiers; no input at-
tenuation of the signal is provided. The gain choices
for Channel 3 and Channel 4 are selected by the
choice of Vertical Preamplifier gain setting only.

The Measurement Processor controls the operation
of much of the switchable circuitry of the 2246A via
a common shift register data line (SR DATA). Data
bits loaded into the attenuator control and gain shift
register (designated SR0O) set the magnetic relay
switches for the input coupling and attenuator set-
tings and select the gain settings of the
Preamplifiers.

VERTICAL PREAMPS AND OUTPUT
AMPLIFIER (Diagram 2)

Each vertical channel has identical selectable—gain
Preamplifiers. The calibrated gain for each is
manually set during adjustment. Enabling of the
Preamplifiers to display a channel input signal is con-
trolled by the Readout Processor (U2400, Diagram
9). Preamplifier gain settings are controlled by the
Measurement Processor via control bits loaded into
the attenuator control and gain shift register (Dia-
gram 1). Vertical channel trigger signal outputs are
produced by each of the Preamplifiers for triggering
the sweep from the applied signal.

The vertical outputs of each preamplifier are con-
nected to a summing node at the input to the Delay—
Line Driver. There, the signal current (from the
enabled Preamplifiers) and the no-signal standing
currents (from the disabled Preamplifiers) are added
with the current from the position signal switching
circuit.

The signal current for the enabled channel (vertical
channel signal plus its position offset) or the readout
position current (enabled to the summing node
during text and cursor displays) is applied to the
Delay-Line Driver. There, it is buffered and
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compensated to drive the vertical delay line. The
delay line produces enough delay in the signal to
permit the trigger circuitry to start the sweep before
the vertical signal arrives at the crt deflection plates,
and the rising edge of the triggering signai may be
viewed.

From the output of the delay line, the signals are
applied to the Vertical Output integrated circuit. The
Vertical Output IC (U701) has provisions for vertical
BEAM FIND, bandwidth limiting, and vertical center-
ing of the readout displays. External filter elements
on the Vertical Output IC produce the bandwidth lim-
iting when switched into the amplifier circuitry. The
output signal from U701 is then applied to the Verti-
cal Output Ampilifier where it gets its final boost in
power to drive the vertical crt deflection plates.

An auxiliary Vertical Comparator circuit (U702 and
Q703) is shown in Diagram 2. Ilts purpose is to
measure the gains and offsets during SELF CAL to
determine the vertical calibration constants needed
for the measurements and tracking cursor displays.

A AND B TRIGGER SYSTEM (Diagram 3)

The A and B Trigger System provides the circuitry
for trigger source, slope, coupling, and bandwidth
selection; trigger level comparison; tv trigger detec-
tion; and dc measurements of the measurement
source signal.

Trigger selection signals from the Display Logic IC
(UB00, Diagram 4) drive the switching circuitry in-
ternal to U421 and U431. The signals select the
correct trigger source, slope, and coupling choice
for the present front-panel contro! setting. For VERT
MODE triggering with more than one vertical channel
displayed, the trigger source selection changes as
each channel is displayed. When the ADD Vertical
Mode is selected, a special amplifier arrangement in
U421 (for A) or U431 (for B) sums the CH 1 and
CH 2 signals to provide an ADD trigger signal for
display of the ADD waveform.

The Trigger CPLG (coupling) selections are AC, DC,
HF REJ (high-frequency reject), LF REJ (low-
frequency reject), and NOISE REJ. Of these, all but
NOISE REJ coupling are produced by selecting a
fiter path with the necessary bandwidth character-
istics. NOISE REJ coupling is done in the Trigger
Level Comparator circuit by decreasing the sensi-
tivity of the comparator.



When the trigger signal level crosses the com-
parator threshold set by the Trigger LEVEL and
SLOPE control settings, the comparator output
changes states. That state change is applied to the
Trigger Logic IC (U602, Diagram 4). The Trigger
Logic circuitry then produces the gating that starts
the A or B Sweep as appropriate.

Separate A and B Trigger bandwidth limit circuits
before the Trigger Level Comparators allow the flexi-
bility that is needed for using the B Trigger circuitry
as the measurement signal channel. Even when the
B Trigger signal itself is bandwidth limited, full
bandwidth is used for making measurements.
Signals are measured by using the B Trigger Level
Comparator as a successive-approximation analog-
to-digital converter to determine the peaks or dc
level of the applied signal. When making a measure-
ment, the B Trigger Level signal is driven in a binary
search by the Measurement Processor (via the DAC
system, Diagram 9) while the output of the B Trigger
Level Comparator is monitored. When the smallest
resolution output of the DAC system causes the
comparator output to change states, the Measure-
ment Processor stops the search and uses the DAC
input value at that point as the measured value of
the applied signal.

Video signal processing to obtain either Field or Line
triggering is done in the TV Trigger Detector. Peak
detectors determine the negative or positive peaks
of the applied video signal. Those levels set the
voltage at the reference input of the video signal
comparator at a level that strips off all the video
information (when the slope selection is correct for
the polarity of the applied signal). The remaining
composite sync signal is applied directly to the trig-
ger system for Line triggering. Field triggering is
obtained by filtering the composite sync to obtain
only the vertical sync pulse.

The operating modes of the Trigger circuitry are
controlled by the Measurement Processor. Auxiliary
Data Shift Register U1103 (the last device in shift
register 1) is serially loaded with control bits from
the SR DATA line by the SR1 TTL clock. The state
(high or low) of the control bits select the bandwidth
setting of the A and B Triggers, TV LINE or TV FIELD
triggering for the A Trigger system, and either the
TV FIELD signal or the average DC voltage of the
measurement channel for the B Trigger system.
Additional control bits output from the Auxiliary Data
Shift Register _are the MAG signal (X10 Magnification
on or off), X=Y signal (X-Y or Y-T displays), and the
VERT COMP ENABLE signal (when vertical SELF CAL
is done).

The average dc voltage of a signal being measured
is found by filtering all the ac signal components
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from the measurement channel signal. That dc level
is then applied to the B Trigger Level Comparator
where its value is determined by successive approxi-
mation as described earlier.

DISPLAY AND TRIGGER LOGIC AND
PROCESSOR INTERFACE (Diagram 4)

Control of the display states and the trigger system
is done by two special devices. The Display Logic IC
(UB00, also know as SLIC or slow-logic IC) controls
activities that enable the vertical channels for display
and select the A and B Trigger System operating
states. The Trigger Logic IC (U602, also known as
FLIC or fast-logic IC) monitors the A and B Trigger
signals, the A and B SWP END signals, the DLY END
0 and DLY END 1 signals, and controlling signals
from the Display Logic IC. It outputs the A and B
GATE and the Z-Axis signals that start the sweeps
and unblank the crt at the appropriate times.

Setup data to the internal registers of the two logic
devices is sent from the Measurement Processor
over the MB DATA line. A register is enabled for
loading by the address that is latched on the
ADDRO-ADDRS lines (from Diagram 8). Data bits are
written to UB00 with the SLIC WR strobe, and to
U602 with the FLIC WR strobe. The contents of the
internal registers of the Display Logic IC may also be
read by the Measurement Processor using the
SLIC RD strobe.

The Processor Interface portion of Diagram 4 han-
dles the serial communications between the serial
shift registers and the Measurement Processor. This
circuitry is the Measurement Processor’s means of
controlling the circuit hardware setups in response
to a front panel control setting. Data controlling the
state of the serial data bit to be loaded into the shift
registers is placed on the ADDRO-ADDR2 bus lines.
That address is decoded to produce either a high or
a low that is latched on the SR DATA signal line. The
appropriate shift register clock is then generated to
load the latched bit. Each bit is loaded in succession
until all the control bits of a shift register are loaded.

The purpose of shift register (U502) is to permit the
Measurement Processor to read back the outputs of
the shift registers for diagnostic purposes and the
output of the Vertical Comparator during vertical
SELF CAL. The last bit from shift register 0 and shift
register 1 ( RO FREEZE and BW LIMIT respectively)
and the Vertical Comparator (VERT COMP) state are
loaded in parallel and serially shifted out onto the MB
RETURN line to be read by the Measurement
Processor.
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A AND B SWEEPS AND DELAY
COMPARATORS (Diagram 5)

The A and B Sweep circuitry sets the timing and pro-
duces the A and B ramp signals to drive the crt hori-
zontal deflection plates. The Measurement Proces-
sor sets the hardware states using control bits
loaded into shift register 1. One register (U302)
holds the bits for selecting the A Sweep timing resis-
tors and capacitors and one register (U303) holds
the B Sweep control bits. The timing resistors are
selected by multiplexers (U307 and U308 for A
Sweep timing; U310 and U311 for B Sweep timing)
that are switched by the states of the control bits;
timing capacitors are selected directly by the control
bits.

The starting level of the sweeps is held steady by a
Baseline Stabilizing circuit, and the sweep ends are
determined by two Sweep-End Comparators. A and
B GATE signals from the Trigger Logic IC (U602,
Diagram 4) control the start of the sweep ramps. A
constant charging current to the timing capacitors
produces a linear voltage rise across the capacitors.
That voltage is buffered by the A and B Sweep
Buffers for application to the Horizontal Output
Amplifier (Diagram 6).

The SEC/DIV VAR control, when out of the calibrated
detent position, changes the charging current de-
livered to the sweep timing capacitors proportional
to its rotation. Decreasing the current lengthens the
ramp to decrease the sweep speed.

Two comparator circuits are used to check the A
Sweep ramp amplitude against the Reference Delay
and Delta Delay voltages. Both Delay End Com-
parator outputs are applied to the Trigger Logic IC
(U602, Diagram 4). The Trigger Logic IC monitors
the delays to determine when the B Sweep may
either run (for RUNS AFTER B Trigger Mode) or
accept a B Trigger (for any of the triggered B Sweep
modes).

HORIZONTAL OUTPUT AMPLIFIER
(Diagram 6)

Deflection signals applied to the Horizontal Preampli-
fier (UB02) are the A Sweep Ramp, the B Sweep
Ramp, the horizontal readout, and the X-Axis input
signal for X-Y displays. Mode control signals HDO
and HD1 (from Display Logic IC U600 to the Hori-
zontal Preamplifier) select the horizontal display
mode (A Sweep only, B Sweep only, Alternate, or
X-Y display). Other control signals to the Horizontal
Preamplifier are the MAG signal (for X10 magnifi-
cation of the sweep), the BEAM FIND signal
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(decreases horizontal gain), and the horizontal posi-
tion signal for positioning the display. The X-Y signal
controlling U301B reduces the range of the Hori-
zontal POSITION signal delivered to the Horizontal
Preamplifier when in the X-Y display mode.

Five manual adjustments are associated with the
Horizontal Preamplifier. They are the X10 and X1
gain, the Readout gain, the X-Axis signal gain, and
Mag Registration. Mag Registration compensates for
offset between X10 and X1 gains, but it is primarily
used to center the readout displays horizontally.

The active single-ended deflection signal input to
the Horizontal Preamplifier is amplified and con-
verted to a differential output signal. That signal is
further amplified and compensated by the Horizontal
Output Amplifier to drive the horizontal deflection
plates of the crt. The final output amplifier consists
of four MOSFET transistors (Q801, Q802, Q805, and
Q806). Two transistors are used for each deflection
plate (left and right) to divide the power handling
requirements.

Z-AXIS, CRT, PROBE ADJUST, AND
CONTROL MUX (Diagram 7)

This block of circuitry is divided into several different
functions. The largest division is the Z-Axis and CRT
circuitry. A INTEN, B INTEN, and RO INTEN input sig-
nals (from the Dac Subsystem board and the front-
panel controls) are applied to the Z-Axis circuit to
set the associated display intensities. Enabling gates
from the Display Controller (Diagram 4) select the
appropriate Z-Axis input signal for application to the
Z-Axis amplifier as the different display types are
enabled. The amplified Z-Axis signals are then level
shifted to the negative voltage of the crt cathode
(-2.7 kV) in a dc restorer circuit. A similar dc
restorer circuit provides auto focusing (at the fixed
focus level set by the front panel FOCUS control) in
response to the intensity level changes. The inten-
sity and auto focus control voltages are applied to
the crt where they modulate the electron beam flow
that produces the display seen on the screen.

Multiplexer U506, under control of the Measurement
Processor, scans the front panel intensity potenti-
ometers and the probe code lines to check for a
change. Signal selection for routing through the
multiplexer is controlled by the three bits on the
POTS-POT7 bus lines from the Pot Data Latch
(Diagram 11). Output from the multiplexer is routed
to the Front-Panel Multiplexer (U2309, Diagram 11)
and multiplexed with other front-panel control levels.
Outputs from U2309 are routed to the A-to-D
Converter (U2306, Diagram 11) where a digital value
representing their analog voltage level is deter-
mined. That value is checked against the previously



obtained value for a selected potentiometer or
probe code to determine if a change has occurred
and, if so, the amount and direction of the change.
The Measurement Processor uses that information
to generate new control voltages to the circuitry
affected by the change.

The Probe Adjust circuit (U930 and associated
circuitry) produces a square-wave signal which is
output to the front panel PROBE ADJUST jack for
compensating voltage probes and checking the
vertical deflection system of the oscilloscope.

The Volts Cal circuit (U331 and an associated pre-
cision voltage divider) provides the accurate dc volt-
age levels used during vertical SELF CAL to check
the gain and offset of the measurement channels.

The Scale lilumination circuit is made up of three in-
candescent graticule lamps and current-source
transistors. The SCALE ILLUM potentiometer sets
the bias level on (and thereby the current through)
the transistors.

MEASUREMENT PROCESSOR (Diagram 8)

Many of the oscilloscope circuitry functions are
directed by the Measurement Processor (U2501).
The Measurement Processor, under firmware con-
trol, monitors the front—pane! controls and sets up
the circuitry under its control according to the set-
tings made and the instructions contained in the
System ROM.

The Measurement Processor communicates directly
with the devices on its eight-bit data bus. The
Measurement Processor selects the device to
transfer data to or from by placing the address of
the device on the Measurement Processor Address
Bus. That address is decoded to produce a strobe
that enables the bus device corresponding to the
address. Writing to or reading from the enabled
device is controlled by write or read (WR and RD)
pulses from the Measurement Processor. Communi-
cation on the data bus is usually limited to high
speed data transfer only (to and from the System
RAM and from the System ROM) and not direct con-
trol of any circuit functions.

For controlling most of the circuit operating states,
the Measurement Processor places serial bits on the
bidirectional MB DATA line. Appropriate enabling
strobes and clocks are generated either in its
address decoding circuitry or by the Processor Inter-
face circuitry (Diagram 4) to load the control data
into 24-bit or 32-bit shift registers. The outputs of
these registers control such things as attenuator set-
tings, preamplifier gains, sweep timing, and trigger
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operating modes; all circuit operating functions that
either change with front panel settings only or at a
slow rate.

Scanning of the front panel controls and lighting of
the front-panel LEDs that back light the buttons is
under control of the Measurement Processor. These
events occur at long intervals compared to the oper-
ating speed of the Measurement Processor. The
front-panel switch closures are read by the
Measurement Processor over a serial communi-
cation line (SW BD DATA).

READOUT SYSTEM (Diagram 9)
Readout System

The Readout Processor (U2400) controls the display
of text and cursor readouts as directed by the
Measurement Processor. The ASCIHl code of each
character (blanks included) in a full screen of
readout (one field) is loaded into the appropriate
memory location of the Character Code RAM
(U24086) by the Measurement Processor. It is then
up to the Readout Processor to control the display
process.

When the Readout Processor addresses the Charac-
ter Code RAM for display of the loaded characters,
the address of a memory location dictates the place
that the addressed character will appear on the face
of the crt. The ASCIl code found at the addressed
location in the Character Code RAM then accesses
the character to be displayed from the Character
Dot Position ROM (U2408). The screen position of an
individual dot within an addressed character is
directed by the character data obtained from the
Character Dot Position ROM.

The data bits specifying the character position on
screen and the dot position within a given character
are converted to analog vertical and horizontal po-
sition signals by the readout DACs (U2412 for ver-
tical and U2413 for horizontal). For cursors and
cursor related text, voltages representing the cursor
positions are added in the output mixer circuitry
(U2414, U2415, and U2416) to place the readout
correctly on screen. Vertical position information
needed for the measurement-tracking cursors and
readouts is added in the Vertical Position Switching
circuit (Diagram 2).

The dots are continually refreshed to maintain a
flicker-free readout. When the readout data needs
changing, the Measurement Processor halts the
refreshing and loads the new screen of data into the
Character Codes RAM.
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SWITCH BOARD AND INTERFACE
(Diagram 10)

Most of the front panel switches that can be read by
the Measurement Processor are “soft” switches;
they are not connected directly into the circuit to be
controlled. The front-panel control physical parame-
ters of capacitance, leakage resistance, and induc-
tance, therefore, cannot affect the operation of the
controlled circuit. The wiper voltage of the potenti-
ometers is digitized, and that digitized data is used
by the Measurement Processor to set up the
circuitry under its control as dictated by the control
change.

The momentary push-button switches are rapidly
scanned at short intervals by the Measurement
Processor to check if one is being pressed. When a
switch closure is detected, the Measurement
Processor makes the necessary circuit or display
changes as directed by its firmware instructions for
that button and the existing operating states.

Functions are shown to be on by turning on the LED
(light-emitting diode) that back lights the push but-
ton or panel label. The Measurement Processor con-
trols the lighting via control registers (U2523 and
U2524) that it reloads with control data to enable the
correct LED with each button or mode change.

ADC AND DAC SYSTEM (Diagram 11)

The ADC and DAC system is the Measurement
Processor’s control link to the analog circuitry.
When the Measurement Processor does a scan to
determine the front panel control settings, the DAC
system drives the input to the A-to-D converter
comparator (U2306) in a binary search pattern to
determine the voltage level applied to the other input
of the comparator. The smallest incremental change
in the DAC input data that produces a switch in the

comparator’s output identifies the digital value of the
unknown voltage. The output of the comparator (AD
COMP) is applied to the Data Buffer U2515 on
Diagram 8.

DAC SUBSYSTEM (Diagram 12)

This circuit under control of the Measurement
Processor (Diagram 8), converts digitized front-
panel control voltages to analog levels which are
directed to the individual control circuits. The front—
panel control voltages may be from the front-panel
potentiometers or from the Store/Recall or Autoset
operations.

Processor U2601 refreshes D/A converter U2602
and directs multiplexers U2604, 2605, and U2303
(Diagram 11) to output front-panel control analog
levels to the control circuitry.

POWER SUPPLY (Diagram 13)

The low and high voltages required to power the
2246A are produced by a high-efficiency, switching
power supply. Input ac voltage from 90 to 250 volts
and from 48 to 445 Hz is converted to a dc voltage
that powers a preregulator circuit. The preregulator
supplies regulated power to an inverter switching
circuit in the primary of the power transformer
(T2204). The secondary voltages produced at the
secondary windings of the transformer are rectified
and filtered to provide the Ilow voltage power
requirements of the instrument.

High voltage to drive the crt is generated by a multi-
plier circuit (U2203) that provides the +14 kV post-
deflection anode voltage and the -2.7 kV to the
cathode. The 6.2 Vac heater voltage is supplied by a
isolated secondary winding from the power trans-
former that is referenced to the -2.7 kV cathode
voltage.

DETAILED CIRCUIT DESCRIPTION

VERTICAL INPUTS (Diagram 1)

Channel 1 and Channel 2 input circuits on this sche-
matic diagram are arranged identically. Only
Channel 1 circuit numbers are referred to in the
discussion. CH 3 and CH 4 are also arranged
identically to each other and described separately
from CH 1 and CH 2.

3-8

Input Coupling

Signals applied to the CH 1 BNC connector are
coupled to the CH 1 attenuator via the CH 1 Input
Coupling circuit. Relay K100 switches between direct
(DC) and capacitive coupling (AC) of the input sig-
nal; K101 switches between connecting the applied
input signal and the VOLT CAL signal to the input of
the attenuator. The VOLT CAL signal line provides



either the ground for GND Coupling in normal oscil-
loscope operation or a test voltage input for charac-
terization during vertical SELF CAL.With the Input
Coupling set to GND (both AC and DC off), the sig-
nal path is bypassed by C113. That capacitor filters
any noise from the VOLT CAL signal line. There is no
precharge of the input coupling capacitor (C112)
when the coupling is in ground (GND). Resistor
(R111), in series with the BNC input, is a damping
resistor.

The probe coding signal (CH1 PRB) is applied to a
multiplexer (U500, Diagram 7) where it is selected to
be digitized in turn with the other probe-code signals
and the front panel potentiometers. The Measure-
ment Processor determines, from the digitized value
of the voltage, the attenuation factor of any attached
coded probe (Tektronix coded probes). The scale
factor of the VOLTS/DIV readout is then switched to
reflect the correct scaling of the displayed signal.
Uncoded probes and coaxial cables are interpreted
as having no attenuation for setting the readout
scale factors.

High-Impedance Attenuator

Switching relays K102 and K103 control the signal
path through the high-impedance attenuator,
AT117. Signal attenuation is done by two 10X
attenuator sections; for 100X attenuation, the two
sections are cascaded. The 1 M () termination resis-
tance at the output of the attenuator is divided into
two parts: 750 k Q and 250 k Q. An output taken
across the total resistance is applied to the buffer
amplifier fast-path input; another output taken
across the 250 k Q section is applied to the slow-
path input. Low-frequency compensation for the
hybrid attenuators is adjusted by C10 and C11 (parts
are part of the hybrid circuit on the ceramic carrier);
input C is adjusted using C114.

Input Buffer Amplifier and 1X, 2X, 5X Attenuators

Input Buffer Amplifier U112 (for CH 1) is a hybrid
device. The amplifier portion of the circuitry is a
fast-path/slow-path buffer having unity voltage gain
that presents a high-resistance, low-capacitance
load to the signal from the high-impedance
attenuator and a low output impedance to the
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low-impedance attenuator at the output of the
amplifier. The switchable low-impedance, voltage
divider network of U112 provides 1, 2, and 5 times
attenuation of the output signal for application to the
Vertical Preamplifier.

The input signal is applied to pin 2 (fast-path input)
and pin 4 (slow-path input) of U112 from the 1 MQ
divider at the output of the high-impedance at-
tenuator. Internal circuitry of U112 isolates the signal
from loading of the low-impedance attenuator and
provides the slow—path and fast-path signal amplifi-
cation. The fast amplifier path quickly passes the
fast leading and falling edges of an input signal with
the slow path catching up to complete the signal
transfer. The output of the buffer sees a 300 Q input
impedance to the low-impedance attenuator, and
the preampilifier sees a 75 Q output impedance at
pin 8 of U112 for all VOLTS/DIV switch settings.

Attenuator and Vertical Mode Control Registers

The switching relays of Channel 1 are driven by tran-
sistor array U174. Drive to each of the transistors in
the array to switch the relay states is supplied by the
Measurement Processor (U2501) via U171. That
device is a portion of a shift register formed by
U171, U172 (for channel 2 relays), and U173 (for
Preamplifier gains). The devices are connected in
series to form one long shift register (designated
Shift Register 0). Serial data bits for the entire regis-
ter string are loaded at pin 2 of U171 from the SR
DATA line by the SRO CLOCK applied to pin 3 of all
three devices. See Table 3-1 for data bit assign-
ments. Tables 3-2, 3-3, 3-4, and 3-5 define the bit
states for controlling the switching.

CH 3 and CH 4 Input Amplifiers

The CH 3 and CH 4 input buffer amplifiers are identi-
cal discrete FET amplifiers. Input coupling for these
two vertical inputs is always DC; there is no coupling
switch. The 1 MQ input is formed by a series voltage
divider that attenuates the input signal by five times
for application to the gate of the input FETs. The
VOLTS/DIV setting (either 0.1 V or 0.5 V) is made in
the Preamplifier stage of the channel. Operation of
CH 3 is described; like components in CH 4 do the
same job.
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Table 3-1
Shift Register 0 Bit Assignment

Pin Signal Controls
U171
4 CH 1 GND K101—CH 1 GND Coupling (last bit)
5 CH1 AC K100—CH 1 AC Coupling
6 CH1Xi01 K102—CH 1 X10 Attenuator 1
7 CH 1 X10 2 K103—CH 1 X10 Attenuator 2
14 CH 1 X1 K105—CH 1 X1 Buffer Attenuation
13 NOT USED No connection
12 CH 1 X5 K104—CH 1 X5 Buffer Attenuation
11 CH 1 PREAMP 1 U210—CH 1 Preamplifier Gain
U172
4 CH 1 PREAMP 0O U210—CH 1 Preamplifier Gain
5 CH 2 GND K108—CH 2 GND Coupling
6 CH 2 AC K107—CH 2 AC Coupling
7 CH2Xi01 K109—CH 2 X10 Attenuator 1
14 CH 2 X10 2 K110—CH 2 X10 Attenuator 2
13 CH 2 X1 K112—CH 2 X1 Buffer Attenuation
12 NOT USED No connection
11 CH 2 X5 K111—CH 2 X5 Buffer Attenuation
U173
4 CH 2 PREAMP 1 U220—CH 2 Preamplifier Gain
5 CH 2 PREAMP O U220—CH 2 Preamplifier Gain
6 CH 2 INVERT U220—CH 2 Preampilifier Invert
7 CH 3 PREAMP 1 U230—CH 3 Preamplifier Gain
14 CH 4 PREAMP 1 U240—CH 4 Preamplifier Gain
13 ZERO HYST U431C—B Trigger Comparator Hysteresis
1" RO FREEZE U509C—Controls Readout for SELF CAL
(first bit loaded)

From the gate of Q131A, diode CR131 provides pro-
tection from negative overvoltages exceeding about
-8 V. Input C is adjusted by C134 for low—frequency
compensation. High-frequency response is com-
pensated by C138 across load resistor R137. Step
balance is adjusted by R141 in the source lead of
Q131B. The single-ended output of U131A is applied
via R139 (a 75 Q resistor) to the CH 3 Preamplifier.
The impedance seen by the other differential input
of the Preamplifier (U230, pin 8, Diagram 2) is

matched by the parallel combination of R158 and
C1589 in series with R160.

The probe-coding signal, CH 3 PRB, is read the
same way as the CH 1 and CH 2 probe-coding sig-
nals. The VOLTS/DIV readout for Channel 3 is
switched to correctly match the probe attenuation
factor (when properly coded probes are used).



VERTICALS PREAMP AND OUTPUT
AMPLIFIER (Diagram 2)

Vertical Preamplifiers

Each input channel has it own Vertical Preamplifier
(CH 1-U210, CH 2-U220, CH 3-U230, CH 4-U240).
The gain setting of the Preamplifier is controlled by
Measurement Processor U2501 via the assigned
control bits from Shift Register 0 (see Table 3-2).
Channel 1 and Channel 2 gains require two control
bits (on pins 1 and 2 of the Preamplifiers) to set
three different gains for 2 mVv, 5 mV, and 10 mV
VOLTS/DIV scaling. From 10 mV per division and up,
the gain of the CH 1 and CH 2 Vertical Preamplifiers
is set to 10 mV per division. The 1, 2, 5 scaling
sequence for the remaining VOLTS/DIV switch set-
tings is obtained by switching the high- and low-
impedance attenuators. Gain of the CH 3 and CH 4
preamplifiers is controlled by one bit each (on
pin 2), since there are only two scaling settings
(0.1 V and 0.5 V per division) to select (see Table
3-5 for the gain—control bit states).

The internal circuitry of each Vertical Preamplifier is
matched for the 2 mV, 5§ mV, and 10 mV gain
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settings and the dc offsets. The output gain of each
Preamplifier is adjusted by varying the common-
mode resistance across the output pins (pin 13 to
pin 14) to produce calibrated gain for each of the
vertical channels.

Each Vertical Preamplifier has a trigger pickoff (pins
17, 18, 19, and 20) for supplying the internal trigger
signal to the A and B Trigger Source Selector Multi-
plexers. Capacitor coupling from pins 17 and 18 to
pins 19 and 20 provides a fast-path signal into a
duplicate, but level-shifted, slow-path signal line.
The negative side of the differential trigger signal is
terminated in a capacitor to ground (from pin 19) to
provide a balance for the transmission line.

Table 3-2
Input Coupling Control Bit States
Coupling GND AC
GND/CAL 0 1
AC 1 1
DC 1 0

Table 3-3
CH 1 and CH 2 Attenuator and Gain Control Bit States
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Table 3-4
CH 2 INVERT Control Bit

Setting CH 2 INV
Normal 0
INVERT 1

Table 3-5

CH 3 and CH 4 Gain Control Bit

VOLTS/DIV PREAMP1
0.1V 0
0.5V 1

The VOLTS/DIV VAR controls for CH 1 and CH 2
(R2101 and R2103) directly vary the gain of the Ver-
tical Preamplifiers between the calibrated VOLTS/DIV
settings. The Measurement Processor detects
whether the VAR control for a channel is in or out of
its detent position; and, if out, a greater-than
symbol (>) is placed in front of the VOLTS/DIV
readout to show that the channel is uncalibrated.

Each Preamplifier produces a standing current of
about 11 mA into a common summing node. Output
of the vertical signal from a Preamplifier is controlied
by enabling signals (CH 1 EN through CH 4 EN) from
Display Logic IC U600 (shown on Diagram 4). The
enabling signal that turns on a vertical channel signal
also enables the position signal current for that
channel through the Vertical Position Switching
circuit (either U202 or U201) into the summing node.

Delay Line Driver

The Delay Line Driver is a differential amplifier that
provides the signal amplification needed to drive the
delay line. The circuit is compensated to produce
the needed circuit response at the output of the
delay line. Both sides of the differential amplifier are
identical and circuit operation of the positive side
components is described.

Transistors Q250 and Q252 are arranged as a feed-
back amplifier. The paraliel combination of R250F
and R250G supplies the feedback from the emitter
of Q252 back to the base of Q250. Diode CR260
provides a one-diode voltage drop in the feedback
loop for proper biasing of the base-to-collector

junction of the input transistor (Q250). Gain of the
amplifier is set by the value of common-mode resis-
tor R270 (there is a small dc voltage gain). If the
Vertical Preamplifier and Vertical Position circuit out-
put currents are exactly 11 mA (no signal and no
offsets) the feedback current is zero. Some stand-
ing feedback current will be present if the sum of the
input currents is not exactly 565 mA. A 1 mA current
change of the input base current to Q250 produces
a 41 mV change at the collector of Q252. The no-
signal dc output voltage from Q252 is +7.5 V, and
the standing current is about 15 mA. The differential
voltage between the positive and negative side of
the delay line with no signal input is 0 V $0.5 V. The
differential signal voltage input to the delay line is
about 29 mV per graticule division of deflection.

Biasing of the input transistor bases is supplied by
R262 and R264 (for Q250) and R263 and R265 (for
Q251). Two resistors in series are used to provide
the power handling needed (they are low-wattage
precision resistors). The dc voltage at the bases of
Q250 and Q251 is maintained at 7.5 V by a bias
stabilization circuit. Operational amplifier U260 com-
pares the common-~-mode voltage at the junction of
R254 and R255 to the +7.5 V supply on its pin 3 in-
put. If the base voltage is too low, U260 raises the
common-mode emitter voltage (and thereby the
base voltage) of the two input transistors.

Compensation components peak up the circuit
response to counteract the roll off effects of the
delay line. The three series-rc combinations (C272
and R272, C273 and R273, and C274 and R247)
between the emitters of Q252 and Q253 compen-
sate different frequency ranges to correctly shape
the circuit response. The series-rc circuit between
the collectors of Q252 and Q253 (C275 and R275)
damps the gain at high frequencies to prevent oscil-
lation. Impedance matching and input termination of
the 75 Q delay line is done by the parallel-series
combination of R278, R279, R280, and R281.

Vertical Position Switching

The Vertical Position Switching circuit consists of
buffer amplifiers for the four vertical channel position
signals (U203A, B, C, and D), two solid state switch
arrays (U201 and U202), and a transistor paraphase
amplifier circuit (U280, Q284, and Q285).

The vertical positioning voltages from the front panel
POSITION controls are applied to the noninverting in-
puts of the four voltage-follower buffer amplifiers
(U203A through U203D). The inputs and outputs of
the amplifiers are capacitively bypassed to eliminate
noise from the position signals. The buffered output
signals are applied to switching arrays U201 and
U202 for selection at the correct time for positioning
the displayed trace and position-related readouts.



POSITION VOLTAGE SWITCHES. Selection of the
channel or readout position signals to be supplied to
the paraphase amplifier summing node is controlled
by several sources. The vertical channel enable sig-
nals (CH 1 EN through CH 4 EN) from Display Con-
troller U600 (Diagram 4) turn on the appropriate
channel position signal for the enabled Vertical Pre-
amplifier when displaying waveforms. The nominal
position range of the vertical signal is £12 divisions.

When position-dependent readout (labeled cursors
that follow the vertical channel position controls) is
displayed, the RO CH 1 POS EN through RO CH 4
POS EN signals from tri-state latch U2403 (shown on
Diagram 9) enable the appropriate vertical position
signal into the summing node at the input to the
paraphase amplifier. The Readout Position Enable
signal lines are tri-stated (open) during display of
the channel signals so that the Vertical Channel En-
able signals have control of the position enable
lines. Also, the Readout Position signals cannot
override the Vertical Channel Enable signal levels to
turn on a Vertical Channel Preamplifier with the se-
ries resistors (R212, R222, R232, and R242) in the
signal path. The vertical position of the enabled ver-
tical channel is added to the position of the readout
so that the cursors appear at the correct vertical
position in the display.

When non-position tracking readout is displayed
(i.e., menus and scale-factor readouts), the verti-
cal screen position of the readout is conveyed by
the RO VERT signal only. The RO VERT signal is en-
abled into the summing node input of the paraphase
amplifier by the RO VERT EN signal for both readout
types (position-tracking or fixed). Extra noise by-
passing provided by decoupling components R205,
R207, and C268 on the RO VERT signal line reduces
jitter of the readout display.

During vertical SELF CAL, the RO CH 1 POS EN
through RO CH 4 POS EN signals enable the appro-
priate vertical position signal into the summing node
at the input to the paraphase ampilifier without turn-
ing on a channel Vertical Preamplifier. The gain and
offset of the voltage followers and position switches
may then be calculated independently from the ver-
tical channel signal. The computed offsets are then
used by the Measurement Processor to correctly
place the position-tracking readouts (cursors) on
the display relative to the vertical position of the
waveform.

The TRACE SEP EN and RO TR SEP EN signals oper-
ate the same as described for the channel enable
and readout position enable signals. A slight dif-
ference between the channel vertical position
signals and the TRACE SEP signal is that TRACE SEP
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is attenuated more. The higher value of R206 on pin
13 of U201 reduces the TRACE SEP range to *4
divisions as compared to 112 divisions for the verti-
cal signals.

POSITION PARAPHASE AMPLIFIER. The Position
Paraphase amplifier circuitry is formed by a transis-
tor array (U280) driving two discrete transistors
(Q284 and Q285). The circuit is configured as two
negative-feedback amplifiers that produce a
differential output current from the summed single-
ended input current. Transistors U280B and U280E
are constant-current sources for their associated
amplifier pairs in the array. The feedback path for
the U280A-U280F amplifier combination is via R286
from the emitter of Q284. The no-signal feedback
current through R286 is 1 mA. Feedback for the
U280C-U280D combination is via R283 from the
emitter of Q285. Feedback current in R289 is
100 pA. Both Q284 and Q285 are high beta transis-
tors requiring little base-drive current. The overall
vertical displacement response from the input (at
the base of U280F) to the output is 200 pA per
division of vertical screen displacement.

The signal applied to the base of U280C is the in-
verted position signal developed across R290 in the
emitter of Q284. The signal is again inverted by
U280C to drive the base of Q285 in the opposite
direction from the signal at the base of Q284. The
standing dc current (no signal input) output current
into the delay line input summing node is 11 mA, the
same as the output of the vertical preamplifiers.
Vertical centering of the menu and readout displays
within the graticule area is done using VERTICAL
READOUT CENTERING potentiometer R260.

Vertical Output Amplifier

WARNING

Vertical Output IC U701 runs hot and can
burn you If touched. The metal tab on top of
the device is NOT ground; it is the -5 V
supply to the IC.

Vertical Output IC U701 buffers the signal output of
the delay line and provides the circuitry for the BW
LIMIT and BEAM FIND functions and for the vertical
signal gain adjustment. The inputs to the Vertical
Amplifier are terminated in 75 Q by external resistors
R706 and R707. External filter components C707,
L701, and L702 produce the bandwidth limiting of
the vertical signal when internally switched into the
output amplifier circuitry of U701.
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Manual calibration of the vertical signal display to the
crt graticule is done using VO Gain potentiometer
R703. The components between pins 12 and 22 of
U701 (Q704, R726, R727, and R728) provides gain
correction for the small difference in gain between
full bandwidth and bandwidth-limited operation of
the Vertical Output IC. Correction for a thermal
change between display of the signal and display of
the readout is provided by the RO Jitter adjustment
(R724).

WARNING

Vertical Qutput Amplifiers Q701 and Q702
run hot and can burn you if touched.

Vertical Output Amplifiers Q701 and Q702 provide
the signal gain necessary to drive the vertical crt
deflection plates. The deflection plates have a com-
paratively large capacitance, and to change the
voltage as fast as necessary to deflect the crt
beam, the Vertical Output Amplifiers have to handle
large current demands. A reduction in circuit
capacity is made by reducing the collector
capacitance of the output transistors. The cases of
Q701 and Q702 are NOT the collectors; they are
connected to the transistors’ base material; the
case tabs mark the collector leads. In the collector
circuits, T-coils L703 and L704 boost the vertical
bandwidth of the output amplifiers; and R731 and
R732 are damping resistors.

Vertical Comparator

The Vertical Comparator circuit (U702, Q703, and
associated components) allows the Measurement
Processor to determine the gain and offset of the
vertical system up to the input to the Vertical Pream-
plifier. The circuit is enabled only during the vertical
self characterization routine. Known dc voltage
levels are applied to the attenuator inputs, and U702
compares the voltage from the delay line to the
HORIZ POS signal which is being driven in a binary
search pattern. The output voltage is found by
successively narrowing the search levels until the
smallest change possible from the DAC system
causes the Vertical Comparator output to change
states. Using the measured value to compare
against the known input voltage, the Measurement
Processor determines a Vertical Calibration constant
that must be applied to produce accurate voltage
measurements.
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A AND B TRIGGER SYSTEM (Diagram 3)

Most of the trigger signal switching and trigger level
comparator circuitry is contained on two integrated
circuit devices (U421 and U431). Within the devices
is the logic circuitry that drives the selectable
variables of Trigger SOURCE, Trigger CPLG, and
Trigger SLOPE for both the A and the B Triggers.
Selection of the trigger variables is done by control
bits generated by Display Sequencer U600
(Diagram 4). The remaining portions of the circuitry
shown in Diagram 3 include the A and B Trigger
bandwidth limiting circuitry, the TV Trigger Detector
circuitry, the Auxiliary Control Register (part of Shift
Register 1), and the DC Filter for the measurement
system. The B Trigger circuitry does double duty in
that measurements for the DC, +PEAK, -PEAK, and
PEAK-to-PEAK values of a signal are done in the
B Trigger channel. Consequently, voltage measure-
ments cannot be done in ALT or B Horizontal Display
Modes when the B Trigger circuitry is in use.

A and B Trigger Source Selectors

Analog switching of the Trigger signal sources is
done by the circuitry in U421A (for the A Trigger)
and U431A (for the B Trigger). The possible Trigger
SOURCE selections are the same for both the A and
the B Trigger system. They are CH 1, CH 2, CH 3,
CH 4, LINE, and VERT. In ALT Vertical MODE, when
VERT is the selected source a trigger is obtained in
succession for each displayed channel. A stably trig-
gered display will be obtained for each channel
signal without regard to frequency relationships
between the applied signals. If ADD Vertical MODE is
selected, a special adder circuit in U421A and
U431A, adds the CH 1 and CH 2 signals to produce
an ADD trigger signal composed of the two inputs.
The LINE Trigger signal is a sample of the power-line
input voltage. Multiplexer U1106A, in the input path
for the LINE trigger signal, selects between the LINE
signal (for oscilloscope operation) and the TB CAL
signal (used for horizontal self characterization).

When a Voltage Measurement is being done, U431A
in the B Trigger circuit acts as the measurement
channel selector and selects either the CH 1 or the
CH 2 input signal to be measured.

A and B Trigger Coupling Selector

Coupling selections for DC, AC, HF REJ, and LF REJ
are done by U421B for the A Trigger and U431B for
the B Trigger. The trigger signal path is through a
filter circuit having the proper bandpass character-
istics for the selected trigger coupling. NOISE REJ
coupling is done differently. The two Trigger LEVEL
Comparators (U421C and U431C) have selectable
hysteresis. For NOISE REJ Trigger CPLG, the



hysteresis is increased so that a larger signal
change is required to produce a state change at the
output of the comparators. Trigger Coupling control
logic is shown in Table 3-6.

Another signal source selectable in the Trigger
Coupling Selectors is the output of the TV Trigger
Detector (TV LINE or TV FIELD). An applied com-
posite video signal is separated so that the horizon-
tal line or vertical field sync pulse can be used to
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trigger the oscilloscope for Television signal display
(see TV Trigger Detector description). Selection
between LINE or FIELD for the A Trigger source is
done by multiplexer U1104A with its output being
applied to pin 18 of U421B. Pin 18 of U431B in the B
Trigger system has an input of either the TV Line
sync signal, for TV triggering of the B Sweep, or the
output of the Measurement Signal Low-Pass Filter,
when the DC measurement mode is active.

Table 3-6
Trigger Selection Logic
Front Panel Latched Bit Values Description
Coupling
Selection SLOPE TS2 TS1 TS0
A Sweep Mode (U421) AUTO LEVEL, AUTO, NORM, or SGL SEQ
DC 0 0 1 0 DC Coupled
NOISE REJ 1 0 1 0 DC Coupled, Noise Reject
HF REJ 0 1 0 1 HF Reject
LF REJ 0 0 1 1 LF Reject
AC 0 1 0 0 AC Coupled
A Sweep Mode (U421) TV LINE or TV FIELD
DC 1 0 0 0 TV Input, Noise Reject
NOISE REJ 1 0 0 0 TV Input, Noise Reject
HF REJ 1 0 0 0 TV Input, Noise Reject
LF REJ 1 0 0 0 TV Input, Noise Reject
AC 1 0 0 0 TV Input, Noise Reject
B Sweep Mode (U431) AUTO LEVEL, RUNS AFTER or NORM
DC 0 0 1 0 DC Coupled
NOISE REJ 1 0 1 0 DC Coupled, Noise Reject
HF REJ 0 1 0 1 HF Reject
LF REJ 0 0 1 1 LF Reject
AC 0 1 0 0 AC Coupled
B Sweep Mode (U432) TV LINE
DC 1 0 0 0 TV Input, Noise Reject
NOISE REJ 1 0 0 0 TV Input, Noise Reject
HF REJ 1 0 0 0 TV Input, Noise Reject
LF REJ 1 0 0 0 TV Input, Noise Reject
AC 1 0 0 0 TV Input, Noise Reject
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MEASUREMENT SIGNAL LOW-PASS FILTER. The
average dc level of a signal is obtained for measure-
ment by filtering the measurement channel signal to
remove all but the dc component of the signal. A
active RC filter circuit formed by U1101B, R1154,
R1155, C1154, and C1155 does the filtering with
U1101B buffering the filtered output voltage to
isolate it from loading. The dc level is applied back
to the Trigger Coupling switch (U431B, pin 18) for
input to the B Trigger Comparator (U431C) where
the actual measurement is done (see the B Trigger
Comparator description).

A and B Trigger Bandwidth Limit Circuits

The A Trigger Bandwidth Limit circuit components
(Q440, U441F, CR432, C432, L432, R432, Q444,
and U441E) act to roll off the trigger circuit
bandwidth when BW LIMIT is active (low). The B
Trigger Bandwidth Limit circuit components do the
same job (with some additional compensation com-
ponents), but can be selected independently of the
SCOPE BW front panel setting (by the Measurement
Processor using the BW FULL B signal}). That is
because the B Trigger Channel is used for the
Measurement system, and the circuit bandwidth
must be full for making measurements. The actual
circuit operation for both is the same, and only the A
Trigger Bandwidth limiting action is described.

For full trigger bandwidth, the BW LIMIT signal from
Auxiliary Register U1103 is written high by the
Measurement Processor. That high is inverted to a
low by U441E and U441F and applied to the bases of
Q440 and Q444. The low output turns off Q444 and
disconnects C444 from ground. The purpose of
C444 is to act as part of an LC filter that rolis off the
signal. The low applied to the base of Q440 turns
that transistor on pulling the anode of CR432 up and
forward biasing it. The trigger signal ac path then
bypasses L432 and R432 through CR432 and C432.
The dc component of the trigger signal is still via
L432 and R432.

When the bandwidth is limited, the BW LIMIT signal
is low. That is inverted to a high that turns on Q444
(connecting C444 to ground) and turns off Q440
(reverse biasing CR432). The trigger signal path is
now through L432 and R432 with C444 connected to
ground to roll off the circuit bandwidth.

A Trigger Comparator

The Trigger signal is compared with the A Trigger
LEVEL setting by U421C to determine the signal level
and slope of the trigger signal that produces a
sweep trigger. The comparator slope is set internally
by the switching logic; the Trigger comparison level
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is set using the front panel Trigger LEVEL control. A
fixed amount of hysteresis in the A Trigger Level
Comparator prevents double triggering on signals
accompanied by normal noise. NOISE REJ coupling
increases the hysteresis by a factor of four to re-
duce the Comparator’s sensitivity to noise if trigger-
ing on very noisy signals is required. Once a level
state change occurs, a larger change in the oppo-
site direction is required (because of the circuit hys-
teresis) to reverse the state change. The differential
output of U421C is applied to the Trigger Logic IC
(U602, Diagram 4) where the gating signals to start
the display sweep are generated.

B Trigger Comparator and Measurement A-to-D
Converter

For B Trigger signal comparison, the B Trigger Level
Comparator (U431C) works the same as the A Trig-
ger Level Comparator. Its differences lay in its use
as the Measurement Channel A-to-D Converter for
making signal voltage measurements. When a
measurement is being done, the ZERO HYST control
bit from Shift Register 0 (U173, Diagram 1) is set
high. This high turns off Q480 and disconnects
U431C pin 28 from ground. The biasing combination
of R476 and R486 between the -5 V supply and
ground reduces the hysteresis of the B Trigger Com-
parator to zero. A small incremental change in sig-
nal level to the comparator will then cause it to
change output states. The B REF TRIG LVL signal on
pin 24 of U431C is driven in a binary search pattern
by the Measurement Processor (via the DAC Sys-
tem) while monitoring for state changes at the out-
put. The smallest incremental input change of the B
REF TRIG LVL that produces an output change then
defines the voltage point being measured (+PEAK,
-PEAK, or DC): When peak-to-peak voltage
measurement is done, the Measurement Processor
merely measures one peak voltage of the signal,
then the other.

The output of the B Trigger Level Comparator is
applied to the B Trigger input of U602 (Diagram 4)
via delay line DL22. The 18 ns delay produced per-
mits the leading edge of the B trigger signal to be
viewed when displaying the B Sweep.

Auxiliary Shift Register

Auxiliary Shift Register U1103 is the last register in
Shift Register 1. Control bits loaded into the register
from the AUX DATA signal line (from U303 pin 9,
Diagram 5) are serially shifted through Sweep Shift
Register U302 and U303 (Diagram 5). Circuit
functions controlled by the bits in U1103 are the
following:



B TV TRIG EN: Switches between the B TV Trigger
signal and the DC measurement signal voltage
(U1106C).

TV FIELD SEL: Switches the A Trigger between TV
FIELD and TV LINE (U1104A).

MAG: Controls the X10 Magnification function of the
Horizontal Output Preamplifier (U802, Diagram 6).

VERT COMP EN : Turns on the Vertical Comparator
(U702, Diagram 2) during voltage self characteriza-
tion.

TB CAL: Switches the time-base calibration signal
into the B trigger system during horizontal self
characterization (U1106A).

BW FULL B: Switches between full and limited B
Trigger bandwidth.

BW LIMIT : Switches between full and limited A Trig-
ger bandwidth. The BW LIMIT signal has a second
use. As the last bit in Shift Register 1, it is fed back
to the Measurement Processor during diagnostic
checks done on the Shift Registers.

X Y : Switches the range of the horizontal position
signal (HORIZ POS) between that needed for Y-T
display and that needed for X-Y display (U301B,
Diagram 6).

Mutltiplexer (U1106A) normally provides the Line
Trigger signal picked off from the Power Supply
input. For self characterization (SELF CAL) of the
Time Base, the switch outputs the TB CAL signal
obtained from the Measurement Processor (U2501,
Diagram 8).

TV Trigger Detector

INPUT AMPLIFIER. The signal at pin 19 of U421A is
applied to pin 3 of U1101A via a low-pass filter
formed by R426, L426, and C426. The filter limits
the bandwidth of the X-AXIS signal to about 5§ MHz
for application to the Horizontal Preamplifier (U802,
Diagram 6) and to the TV Trigger Detector circuitry.
Operational amplifier U1101A provides low-pass
gain of the applied composite video signal that
further attenuates the video portion of the signal
relative to the sync pulses. The output signal from
U1101A is applied to the Peak Detectors and the
Sync Comparator.

PEAK DETECTORS. The peak detectors determine
the positive and negative peaks of the applied com-
posite video signal. Those peaks voltages are
applied across a voltage divider circuit used to set
the comparison level (slice level) to one input of a
comparator. That level is such that, when the user

Theory of Operation—2246A Service

selects the correct sync polarity for the applied sig-
nal, the middle of the sync tips is at the threshold
level of the comparator. The output of the com-
parator then switches only on the sync tips of the
applied signal. The peak detectors are comple-
mentary in that the positive—peak detector tran-
sistors (Q1101, Q1102, and Q1103) and the
negative-peak detector transistors (Q1104, Q1105,
and Q1106) are complementary types (PNP-NPN).
Both detectors are driven from the same input
signal; the positive peaks of the video signal forward
bias Q1101, and the negative peaks forward bias
Q1104. The operation of the positive peak detector
is described.

The composite video signal is applied to the emitter
of Q1101. A positive-going signal increases the
current through Q1101, causing the collector voltage
to rise. The rising collector voltage biases on Q1102
harder, and C1114 charges up rapidly following the
positive-going signal up to its positive peak. When
the input signal starts negative, Q1101 is turned off
immediately by the charge held on C1114. That
leaves C1114 holding the positive peak voltage of
the input signal. Emitter-follower Q1103 applies that
peak voltage level to U1104B pin 3 via R1117. R1136
to the -7.5 V from pin 3 provides a fixed offset to the
signal level. The negative-peak detector does the
same type of operation on the signal to apply the
negative peak voltage to pin 5 of U1104B.

When the sync polarity is selected to match the sync
of the applied video signal (by the user with the A
SLOPE switch), the voltage level at the selected
input of U1104B is at the middle of the sync-tip
voltage. If the wrong polarity is selected, triggering
will take place on the video signal. For signal
generator signals, the effect may not be noticeable,
except for a shift of the trigger point; but if com-
posite video signals are being viewed, the display
will be unstable when the wrong polarity is selected.

SYNC COMPARATOR. The incoming composite
video signal is applied to the plus input (pin 3) of the
Video Sync Comparator (U1102A). The Video Sync
Comparator looks at the signal level on pin 2 and
compares it with the incoming video signal level.
When the incoming level crosses the comparison
threshold, the output of U1102A switches state. That
state change occurs at the mid level of the sync
pulses. The output signal of U1102A (TV LINE) is
applied directly to U1104A pin 2 and U1106C pin 1 to
be available for selection for the A and the B Trigger
systems for TV LINE triggering.

FIELD SYNC FILTER. The filter circuit composed of
R1132, R1133, C1106, C1107, and U1102B
processes the output of U1102A further to de-
termine when the vertical field sync signal is
present. The time constant of the filter elements is
such that the line sync pulses between vertical fields
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cannot move the voltage on U1102B pin 5 across the
comparison threshold (ground on pin 6).

During the vertical field sync pulse, the frequency of
the serration pulses (line and equalizing) doubles.
The filter capacitors will then be discharged enough
to go below ground and switch the output state of
U1102B. That signal is applied to U1104A pin 1 to be
available as the TV FIELD Sync trigger signal for the
A Trigger system.

SYNC SWITCHING. Solid-state switches U1104A
and U1106C provide switching between the TV FIELD
and the TV LINE signal for the A Trigger and between
TV LINE from A SOURCE and the average DC level of
the measurement channel for the B Trigger. The
switching states are controlled by the Measurement
Processor via the TV FIELD SEL and the B TV TRIG
EN control signals from the Auxiliary Control Register
(U1103).

DISPLAY AND TRIGGER LOGIC AND
PROCESSOR INTERFACE (Diagram 4)

The Display Sequencer or SLIC (slow-logic inte-
grated circuit, U600) performs most of the slow
logic functions required to run the display functions.
This integrated circuit contains a microprocessor in-
terface, the display sequencer logic circuitry, the
trigger holdoff timer, the chop clock, and an inter-
face to the on-screen readout control logic.

The microprocessor interface of U600 provides the
capability to serially load the internal control
register, write the internal read/write memory, do
some limited real-time control over a few sequencer
functions, and monitor status information.

The Display Sequencer contains a read/write
memory for storing the display states to be
sequenced through and logic for sequencing the A
and B Sweep displays and trigger sources. The
sequencer also provides control signals that are
needed to do waveform measurements.

An internal trigger holdoff timer provides a pulse with
programmable width that is triggered on at the end
of A Sweep (or at the end of B Sweep). The pulse
width may be set from 1 us to greater than 0.5 s,
depending on the interna! counter divide ratio, and
the holdoff oscillator frequency at pin 15.

The chop clock circuit generates a phase-dithered
chop clock and blanking signal, derived from an
external frequency source. With 10 MHz applied, the
chop rate can be 1.25 MHz or 625 kHz, with a
blanking time of about 200 ns (625 kHz is used in the
2246A).
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The readout interface circuit responds to the
readout request and readout blanking inputs, and
generates a blanking signal (BLANK, pin 18) to con-
trol the Z-Axis Amplifier enabling signals from U602.
The chop blanking signal also gets routed through
this circuit.

Pin Description

The following is a description of Display Sequencer
UB00 pin functions (see Figure 3-2 for pin
numbers).

1 40
— =i TC Voo f—
2 39
—4 LFC CH 41 ENjJ——»
3 — 38
——»¥ WR CH 2 EN —»
4 37
—4 AD CH 3 EN p—»
5 36
—f At D CH4ENj}p—
6 I __ | 3
—f A2 S MGE |——»
7 - 34
—»1 A3 P ZEN —>
8 | — L 33
~—1 RD A ATS 2 p———>»
9 32
-«+——»§ DIO Y ATS 1 |—>
10 31
——»1 T0I S ATS 0 }—
11 — 30
—»f ROR E A sLore —
12 | __ Q 29
———2 ROB U BTS 2 p——»
13 E 28
—————1 B GATE BTS 1 p—»
14 N 27
———4 A GATE Cc BTS 0 49—
15 E 26
——f 0SCOUT B SLOPE F———»
16 R 25
17 24
~——1 THO HDO |——»
i8 23
-t+—] BLANK HD1 |——»
19 N 22
-s———7F SOUT TS p—»
20 — 21
—»Y Vgg TEST j——
(6081-04)6555-31

Figure 3-2. Display Sequencer IC (SLIC, U600)
pin out diagram.



DIO: Data 10 pin. This pin is tied to the Meas-
urement Processor MB DATA line. Data to
be clocked into the control register is pre-
sented here, and status data can be read
out on this pin when the RD input is low (tri-
state output). See Table 3-7.

TDI: Trigger data input pin. When A3=A2=1,
data on this pin is sent to the DIO pin (when
RD is low).

RD: Read enable input (active low). Bringing
this pin low causes internal status data (se-
lected with A3-AQ) to be presented on the
DIO pin for transfer to the Measurement
Processor.

WR: Write enable input (active low). A
negative—going pulse on this pin performs
actions described in the Table 3-7.

SOUT: Strobe output pin (active low). When
A3, A2, A1, and A0 = 1111, SOUT goes low
when the WR pin is pulled low. Otherwise,
SOUT is always high.

A3, A2, A1, A0: Address inputs. The
ADDRO-ADDR3 selection bits are latched
from the Measurement Processor address
bus by U2512, Diagram 8.

A GATE: A Sweep Gate input (active low).

B GATE: B Sweep Gate input (active low).

TC: Timing clock input.
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LFC: Low-frequency clock input. A signal
derived from the calibrator circuit is used for
skewing the chop-clock phase.

ROR: Readout request input (active low). A
low causes the CH 1 EN, CH 2 EN, CH 3 EN,
CH 4 EN, HD1, HDO, and TS outputs to ali go
low, and allows the ROB input to have com-
plete control of the BLANK output. If ROB is
low when ROR goes low, then the internal
timing will be such that the BLANK output will
go high quickly enough to blank the display
before switching transients can be shown on
screen (see the detailed description of the
readout interface).

ROB: Readout blank input (active low). Dur-
ing readout active time (ROR=low), the ROB
input is inverted and sent to the BLANK
output.

OSC OUT: The external holdoff oscillator
output drives this pin. A falling edge causes
the internal holdoff counter to increment.

OSC RST: Oscillator reset output. Internal
logic causes this output to go high to dis-
charge the external holdoff oscillator timing
capacitor at the end of holdoff (see detailed
description of the holdoff timer operation).

CH 1 EN: Channel 1 enable output (active
high).

CH 2 EN: Channel 2 enable output (active
high).

CH 3 EN: Channel 3 enable output (active
high).

CH 4 EN: Channel 4 enable output (active
high).
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Table 3-7

Display Sequencer (U600) Control Bit Assignments
A3 A2 A1 A0 DIO when RD LO Action when WR Strobed
0 0 0 0 Control Reg. msb DIO clocked into Control Reg. (a)
0 0 0 1 RAM comparator RAM written from Control Reg.
0 0 1 0 EOSS flag RAM address incremented (b)
0 0 1 1 EOS signal (c) RESET is strobed (d)
0 1 0 0 A Gate Detect flag MRESET is strobed (e)
0 1 0 1 B Gate Detect flag RAM load mode enabled (f)
0] 1 1 0] A Gate Detect flag A/B GATE-detected flags reset
0 1 1 1 B Gate Detect flag Set A slope output (g)
1 0 0 0 (h) Forces B1/B2 Source/Slope/Delay (i)
1 0 0 1 (h) Forces B Slope output (j)
1 0 1 0 (h) Sets BLANK output HI (k)
1 0 1 1 (h) Sets THO output HI (k)
1 1 0 0 TD! data (see description of TEST input)
1 1 0 1 TDI data (see description of TEST input)
1 1 1 0 TDI data Sets norm B Source/Slope/Delay (l)
1 1 1 1 TD! data SOUT pin gets strobed
Notes:

(a) Data Is clocked into the control register on the rising edge of WR.

(b) RAM load mode must be enabled; the address increments on the rising edge of WR.
(c) EOS (end of sequence) goes high for the last state of any display sequence. EOS is read out for test purposes.
(d) The THO output should be set high when RESET is strobed for proper initialization. This does the following:

a. lt initializes the display sequencer back to the first display state (RAM address 000). In ALT VERT Mode, all verti-
cal enable, horizontal enable, and trig source outputs are initialized. In CHOP VERT Mode, the horizontal enable
and trig source outputs are initialized, but the vertical enable outputs continue to cycle at the chop clock rate.

b. It resets the EOSS (end of single sequence) flag.
c. It resets the trigger holdoff timer.
(e) Used for initialization, during testing of the device.

(f) A rising edge on ‘WR with DIO = 1 enables the RAM load mode; a rising edge on ‘WR with DIO = 0 disables the RAM load
mode.

(g) A rising edge on WR with DIO = 1 sets the A Slope output high; a rising edge on WR with DIO = 0 sets the A Slope
output low.
(h) Used for device testing only.

(i) A rising edge on ‘WR with DIO = 1 forces the B1 Trigger Source, the B1 Slope, and sets the DS output high; a rising
edge on WR with DIO = 0 forces the B2 Trigger Source, the B2 Slope, and sets the DS output low.

() A rising edge on WR with DIO = 1 forces the B SLOPE output high; a rising edge on WR with DIO = 0 forces the B
SLOPE output low. This forcing function takes precedence over the force B1/B2 Source/Slope/Delay feature de-
scribed In note (i) above. This forcing function Is canceled by applying a negative strobe to the WR input with the
address = 1110.

(k) A rising edge on WR with DIO = 1 sets the output high; a rising edge on WR with DIO = 0 allows the output to behave

normally. (I) A negative pulse on ‘WR with address = 1110 will cancel the effects of (i) above and allow the B Source, B
Slope, and DS outputs to behave normally.
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ATS 2, ATS 1, ATS 0: A Trigger Source
Select outputs. These bits either correspond
to three bits.of the control register, or they
track with the vertical channel enable out-
puts (in ALT Vertical Mode with VERT MODE
trigger selected). These outputs change
state on the rising edge of the THO output,
or when RESET is strobed while THO is high.
The encoding scheme is shown in Table 3-8.
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Table 3-9
Horizontal Display Mode Select Bits
HD1 HDO SOURCE

Readout displayed
A Sweep displayed
B Sweep displayed

0
0
1
1 X-Y mode

- O =+ 0

Table 3-8
A Trigger Source Select Bits
ATS 2 ATS1 ATSO SOURCE

0 0] 0 CH 1
0 0 1 CH 2
0 1 0 CH1+CH2
0 1 1 CH3
1 0 0 CH 4
1 0 1 Line

A SLOPE: A Trigger slope output.

BTS 2, BTS 1, BTS 0: B Trigger Source
Select outputs. These bits correspond to
either one of two sets of three bits in the
control register, or they can track with the
vertical channel enable outputs (in ALT
Vertical MODE). These outputs normally
change state on the rising edge of the THO
output, or when RESET is strobed while THO
is high. If B1 or B2 Source/Slope/Delay is
being forced, the outputs will correspond
directly with one of the two three-bit sets in
the control register. The encoding scheme
matches that used for the A trigger source
select bits shown in Table 3-8.

B SLOPE: B Trigger Slope output. This out-
put is set to either one of two bits in the con-
trol register. This output normally changes
state on the rising edge of the THO output,
or when RESET is strobed while THO is high.
It may also be forced high or low by the
Measurement Processor via the processor
interface.

HD1, HDO: Horizontal display enable out-
puts. These outputs normally change state
on the rising edge of the THO output, or
when RESET is strobed while THO is high.
The encoding scheme is shown in Table 3-9.

DS: Delay select output. This output
normally changes state on the rising edge of
the THO output, or when RESET is strobed
while THO is high. It may also be forced by
the Measurement Processor via the
processor interface. DS high selects the first
delay (B1), and DS low selects the second
delay (B2).

TS: Trace separation output. This output
changes state on the rising edge of the THO
output, or when RESET is strobed while THO
is high. TS goes high to enable trace sepa-
ration; TS goes low during a readout request
cycle.

ZEN: Z-Axis enable output (active low). This
output goes low when the ZAP control bit is
set high, or when the selected B trigger
source channel (as presented on the BTS 2,
BTS 1, and BTS 0 output pins) is the same
as the channel being enabled for display.

MGE: Measurement gate enable output
(active low). This output behaves the same
way as ZEN, except in chop vertical mode,
in which MGE stays in a low state. Also, the
ZAP control bit has no effect on MGE.

THO: Trigger holdoff output (active high).
Outputs the variable holdoff pulse. In single
sequence mode, this output will go high
after the last A Sweep of the sequence and
stay high until RESET is strobed. This output
may also be forced high via the Measure-
ment Processor interface.

BLANK: This output is controlled from three
sources. At the end of a readout request
cycle (when ROR goes high), the BLANK
output will be asserted for four to six timing
clock periods (to hide vertical source
switching transients). Chop blanking pulses
can be routed to this output (however, when
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ROR is low, chop blanking is automatically
inhibited). Lastly, this output may be forced
high via the Measurement Processor
interface.

TEST : Test mode enable input (active low).
TEST is held high and not used in normal
operation. This pin is pulled high to force
normal operation, but may be pulled low to
enable the test mode. Enabling test mode
does the following:

1. Disables single sequence and B Ends A
modes, no matter what code is in the
control register.

2. Reconfigures the trigger holdoff timer to
make it more easily testable (see control
register description for control bits
H4-HO).

3. A3, A2, A1, AD = 1100 allows a negative-
going pulse on WR to reset only the
control register.

4. A3, A2, At, A0 = 1101 allows a negative-
going pulse on WR to preset control
register bits B1-B6.

Control Register Description

The Display Sequencer internal control register is a
26-~bit, serial-shift register that receives control-bit
data from the Measurement Processor. Table 3-10
lists the control signal name(s) associated with each
register bit. Bit number 1 receives the data from the
DIO pin (via the Processor Interface) after one low-
to-high transition on the WR input pin (A3 = A2 = A1
= A0 = 0). Bit number 26 receives this data after 25
more low-to-high transitions on the WR input. Bit
number 26 is the most-significant bit position of the
internal shift register.

RD5-RDO0: Data inputs to the internal RAM,
The RAM address comes from a three-bit,
binary up-counter. To write data into the
RAM, the first six bits are loaded into the.
control register with the RAM data word.
With A3, A2, A1, AQ = 0001, a negative-
going pulse on the WR input will write the
data into RAM. To set the RAM address, the
RAM load mode must be enabled. In RAM
load mode, a low-to-high transition on the
WR input (with A3, A2, A1, A0 = 0010) will
increment the RAM address by one. There
are eight consecutive RAM locations
(addresses 000 to 111); the address
counter will increment to 111, then wrap
around to 000. Strobing RESET resets the
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counter to 000. See the Display Sequencer
detailed description to find out what the RAM
outputs do.

Table 3-10
Shift Register 1 Control Bit Data
Bit Nr Control Signal Name(s)

1 AS2 RD5 AC3
2 AS1 RD4 AC2
3 ASO RD3 AC1
4 ZAP RD2
5 B1S2 RD1 BC3
6 B1S1 RDO BC2
7 B1S0O BC1
8 B1SLOPE BCO
9 B2S2

10 B2S1

11 B2S0

12 B2SLOPE

13 VM1

14 VMO

15 HM1

16 HMO

17 DD

18 SSE

19 B ENDS A

20 H4

21 H3

22 H2

23 H1

24 HO

25 FSEL

26 CBEN

The RD5-RDO bits also go to the inputs of an
internal RAM comparator. The RAM outputs
are sensed by the other comparator input. If
the two inputs match, the comparator output
will be high. The RAM comparator output can
be read by the Measurement Processor
through the processor interface.

AC3-AC1: The A Trigger CPLG select bits.
BC3-BCO are the B Trigger CPLG and SLOPE
select bits. To write these bits into the trig-
ger coupling circuits, the Measurement
Processor loads the control register as fol-
lows: Bits 1, 2, and 3 are set to AC3, AC2,



and AC1 respectively, and the A SLOPE out-
put is set to ACO. Bits 5, 6, 7, and 8 are set
to BC3, BC2, BC1, and BCO respectively.
The RAM load mode is enabled, the force
B1/B2 feature is disabled, and THO is
strobed once (or RESET is strobed once
while THO is high). At this point, output pins
ATS2, ATS1, ATSO, and A SLOPE are set to
AC3, AC2, AC1, and ACO respectively; and
output pins BTS2, BTS1, BTSO, and B SLOPE
are set to BC3, BC2, BC1, and BCO respec-
tively. The Measurement Processor then
strobes the latches in the Trigger Coupling
Select Logic circuits to make the trigger
coupling selections. The RAM load mode is
then disabled to resume normal Display
Sequencer operation.

AS2, AS1, ASO: A Trigger SOURCE select
bits. See Table 3-11 for the bit encoding of
the control signals when not loading the RAM
or coupling circuits.

For any binary code except 111; AS2, AS1,
and ASO are presented on output pins ATS2,
ATS1, and ATSO respectively after a THO
rising edge. For binary code 111, the data
on the three output pins will correspond to
the channel being enabled for display; it
alternates as the channel displays alternate
and change state on the rising edges of
THO. The RAM load mode is disabled to get
the A Trigger SOURCE to alternate.

Table 3-11
Trigger Source Select
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encoding for the A Trigger SOURCE select
bits.

B2S2, B2S1, B2S0: B2 Trigger SOURCE
select bits. Encoded the same as A Trigger
SOURCE select bits, except that code 111
does not select VERT Mode trigger. Selec-
tion between B1 SOURCE and B2 SOURCE is
normally made with the DS (delay select)
output signal. DS = 1 selects B1, and DS =0
selects B2. If the B1 select bits are 111 and
the B1 SOURCE is selected (not forced),
then the data on output pins BTS2, BTS1,
and BTSO will track with the selected vertical
channel (similar to the A Trigger SOURCE
select outputs).

B1 SLOPE, B2 SLOPE: B Trigger SLOPE bits.
One of these two bits is presented on the B
SLOPE output pin (if B SLOPE isn’t being
forced), in the same way that the B1 and B2
sources are selected. When B1 SOURCE is
selected, then B1 SLOPE is also selected,
and B2 SLOPE gets selected when B2
SOURCE is selected.

VM1, VMO: Vertical MODE control bits. See
Table 3-12 for encoding.

AS2 AS1 ASO SOURCE

0 CH 1

1 CH 2

0] CH1+CH?2
1 CH3

0 CH 4

1 Line

0

1

- 4 a4 0c0o0O0O0
- -+ OO0 = -+ O O

VERT MODE

Table 3-12
Vertical MODE Select
VM1 VMO MODE
0 0 Not used
0 1 Chop Mode
1 0 Alt Mode (with no measurement)
1 1 Alt Mode (with measurement)

ZAP: Setting this bit high forces the ZEN
output low. This bit is low for allow normal
operation of the ZEN output.

B1S2, B1S1, B1S0: B1 Trigger SOURCE
select bits. Bit encoding is the same as the

HM1, HMO: Horizontal MODE control bits.
See Table 3-13 for encoding.

Table 3-13
Horizontal MODE Select
HM1 HMO MODE
0 0 A only
0 1 ALT
1 0 B only
1 1 X-Y
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Table 3-14
Holdoff Counter Encoding
H4 H3 H2 H1 HO Count Length H4 H3 H2 H1 HO Count Length
0 0 0 0 0 1 1 0 0 0 0 10000
0 0 0 0 1 2 1 0 0 0 1 20000
0 0 0 1 0 5 1 0 0 1 0 50000
0 0 0 1 1 5 1 0 0 1 1 50000
0 0 1 0 0 10 1 0 1 0 0 100000
0 0 1 0] 1 20 1 0 1 0 1 200000
0 0 1 1 0 50 1 0 1 1 0 500000
0 0 1 1 1 50 1 0 1 1 1 500000
0 1 0 0 0 100 1 1 0 0 0 100000
0 1 0 0 1 200 1 1 0 0 1 200000
0 1 0 1 0 500 1 1 0 1 0 500000
0 1 0 1 1 500 1 1 0 1 1 500000
0 1 1 0 0 1000 1 1 1 0 0 100000
0 1 1 0 1 2000 1 1 1 0 1 200000
0 1 1 1 0 5000 1 1 1 1 0 500000
0 1 1 1 1 5000 1 1 1 1 1 18

DD: Dual-delay control bit. DD = 1 for dual
delay (delta time), and DD = 0 for single
delay.

SSE: SGL SEQ enable. SSE = 1 for single
sequence mode or 0 for repetitive mode.

B ENDS A: B ends A enable (active high).

H4, H3, H2, H1, HO: Holdoff time. Encoded
as in Table 3-14. With the TEST pin held
high for normal operation.)

FSEL: Chop frequency select bit. With 10
MHz on the TC input pin, FSEL = 1 provides
a chop frequency of 625 kHz; FSEL = 0
produces 1.25 MHz (625 kHz is used).
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aStrobing RESET presets the holdoff counter to 499999 to simplify testing.

CBEN: Chop blank enable bit. CBEN = 1
allows the chop blanking signal to be passed
out the BLANK output pin (when ROR is
high); CBEN = 0 inhibits chop blanking.

Display Sequencer Operation

The internal RAM is programmed for the desired
vertical channel display sequence, for both CHOP
and ALT Vertical Modes. In ALT mode, the RAM also
controls the horizontal display control outputs. In
CHOP mode, the RAM still controls the vertical
channel displays, but different logic controls the
horizontal display selection.

RAM data bits RD5, RD4, and RD3 are programmed
for a particular channel display (see Table 3-15).



Table 3-15

Display Sequencer Channel Select Logic Bits
RD5 RD4 RD3 Channel

0 0 0 CH 1

0 0 1 CH 2

0 1 0 CH1+CH?2

0 1 1 CH 3

1 0 0 CH 4

Bit RD2 selects between the A Sweep display and
the B Sweep display (only used in ALT Vertical Mode
(with measurement). The A Sweep is displayed if
this bit is set high (outputs HD1, HDO = 01), other-
wise the B Sweep is displayed (outputs HD1,
HDO = 10). Bit RD1 controls the DS (delay select)
output pin in ALT Vertical Mode (with or without
measurement). Finally, bit RDO marks the last state
in a display sequence. When the RDO bit goes high,
the sequencer finishes its current state and jumps
back to the initial state (RAM address 000 is the
initial state). In ALT Vertical Mode, the sequencer
will advance to the next state either on each rising
edge of the trigger holdoff pulse (ALT Vertical Mode
with measurement), or on every other rising edge of
the trigger holdoff pulse (ALT Vertical Mode with no
measurement).

The first type of ALT Mode is used when there is an
intensified zone (with or without an accompanying
B Sweep) for only one or two of the displayed
channel(s); every display state can be completely
specified by programming the RAM properly (no
more than eight display states are ever needed for
any measurement display sequence; hence, the
RAM is limited to eight addresses). The second type
of ALT Mode is used when there are intensified
zones and B Sweeps for all channels displayed. In
this mode, HD1 and HDQO automatically alternate
between the A sweep and the B Sweep on each
rising edge of the trigger holdoff pulse. Whenever
HD1 and HDO switch from the B Sweep back to the A
Sweep, the vertical sequencer advances to its next
state. This second type of ALT Vertical Mode is used
only when more than eight RAM locations are
needed to define a long display sequence in ALT
Horizontal Mode.

In ALT Vertical Mode, the vertical and horizontal dis-
play enable outputs are initialized as follows: the
trigger holdoff output is forced high (via the
processor interface), RESET is strobed, then trigger
holdoff is unforced to allow sweeps to occur. This
procedure ensures that the display enable and trig-
ger source outputs are initialized to the first state of
the programmed display sequence.

Theory of Operation—2246A Service

In CHOP Vertical Mode, the leading edge of the chop
blanking pulses advance the vertical display enable
outputs. RAM bits RD5, RD4, and RD3 still determine
the vertical channel displayed, and RAM bit RDO
marks the last display state in the sequence. RAM
bits RD2, and RD1 are not used in CHOP Mode.
Other circuitry, clocked by the trigger holdoff pulse,
drives the horizontal display control outputs. The
same initialization procedure as described above for
ALT Vertical Mode is used. However, only the trigger
source and horizontal display enable outputs are
initialized. The vertical-display-enable outputs cycle
at the CHOP rate. Table 3-16 specifies the behavior
of the horizontal- display-enable outputs for all hori-
zontal and vertical modes.

Trigger Holdoff Timer

When the B ENDS A control bit is low, the holdoff
timer is triggered by the rising edge of A GATE.
When the B ENDS A control bit is high, the holdoff
timer is triggered by either the rising edge of
B GATE, or the rising edge of A GATE, whichever
occurs first. The THO output pin will go high im-
mediately, and go low after the programmed
number of holdoff oscillator cycles. In SGL SEQ
Mode (again, with the TEST input pin high), the
EOSS (end of single sequence) flag will go high and
the THO output will stay high after the last A Sweep
of the programmed sequence. Strobing RESET will
reset the EOSS flag, and set the THO output back
low again, if THO hasn’'t been forced high via the
Measurement Processor interface.

HOLDOFF OSCILLATOR. A relaxation oscillator circuit
formed by U601, Q600, Q601 and associated com-
ponents is connected between the OSC OUT and
OSC RST pins to provide the input count puises to
the holdoff timer. The HOLDOFF voltage applied to
the base of Q600 sets up a charging current into
timing capacitor C600. When the holdoff timer is in-
active, the OSC RST output pin is high, and C600 is
held discharged. With the capacitor discharged, the
output of the oscillator is held high. When a rising
edge of A GATE (or B GATE in B ends A mode)
occurs, the OSC RST output will go low and allow the
voltage across C600 to ramp up. When this voltage
crosses an upper threshold, the output of U601 at
pin 7 goes low. This negative transition increments
the internal holdoff counter, and causes the OSC
RST output to go high, again discharging C600.
When the voltage drops below a lower threshold, the
oscillator output again goes high to repeat the oscil-
lation cycle. After the last negative transition on the
OSC OUT pin for a particular count length, the OSC
RST output will go high and stay there until the next
time the THO timer is triggered.
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Table 3-16
Horizontal and Vertical Display Response

Delay HORIZONTAL CONTROL SIGNAL OUTPUTS
an_d Readout Inactive (ROR = 1)
Vertical
Modes Signal Horizontal Modes (HM1 HMO0) Readout
Names Active
A Only A Alt B B Only XY (ROR = 0)
DD | VM1 | VMO (0 0) 0 1) (10) (a1
NSSS (a) 1 2 1 (b) (c)
0 0 0 DS HI HI HI HI (c)
or HDO HI (d) HI LO LO
0 0 1 HD1 LO HDO Hi HI LO
TS LO HD1 LO LO LO
NSSS (a) 2 4 2 (b) (c)
1 0 0 DS (d) (e) (d) LO (c)
or HDO HI (d) LO HI LO
1 0 1 HD1 LO HDO HI HI LO
TS LO HDA1 LO LO LO
NSSS (a) (f) () (f) (b) (c)
DS Hi HI Hi HI (c)
0 1 0 HDO HI (d) LO HI Lo
HD1 LO HDO Hi HI LO
TS LO HD1 LO LO LO
NSSS (a) (9) (9 (9) (b) (c)
DS HI HI HI Hi (c)
0 1 1 HDO HI (h) LO Hi LO
HD1 LO HDO HI HI LO
TS LO HD1 LO LO LO
NSSS (a) ) ) (f) (b) (c)
DS (i) 0 (M) (i) (c)
1 1 0 HDO HI (h) LO HI LO
HD1 LO HDO Hi HI LO
TS LO HD1 LO LO LO
NSSS (a) (9) (9) (9) (b) (c)
DS (h) (h) (h) (h) (c)
1 1 1 HDO HI (h) LO HI LO
HD1 LO HBO HI HI LO
TS LO HD1 LO LO LO
NOTES:

(a) NSSS = Complete A Sweep cycles in a single sequence.
(b) Not applicable in single sequence mode.
{c) Signal state not affected by readout.

(d) Signal changes state after each rising edge of THO; initialized to a high state in single sequence mode.

(e) Signal changes state after every other rising edge of THO; it is initialized to a high state in SGL SEQ mode.
(f) NSSS = Two times the number of states programmed into the vertical sequencer. In ALT Vertical Mode with no

measurement, the vertical sequencer advances to its next state at the end of every other A GATE.
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(g) NSSS = The number of states programmed Into the vertical sequencer.

(h) Programmable with the vertical sequencer.

() Programmable with the vertical sequencer. There are two A Sweeps per vertical display state.

Sweep Gate Detection

Display Logic IC U600 also contains sweep gate
detect latches that can be read out and reset via the
Measurement Processor interface. The A GATE
detect latch output will go high on the rising edge of
A GATE after a falling edge of A GATE, if the MGE
signal is low (i.e., the latch is armed by MGE). The
B GATE detect latch output goes high when B GATE
goes low (level sensitive). The A GATE latch is reset
on the leading edge of the A/B RESET signal, so that
the latch will not miss an A GATE occurring before
the end of the latch reset interval. The B GATE latch
resets when the A/B RESET signal is low.

Chop Clock

The clock frequency applied to the TC input pin is
either divided by 8 (FSEL = 0), or divided by 16
(FSEL = 1), producing a positive-going pulse at the
BLANK output pin (when enabled) with a width equal
to about two times the period of the clock signal on
the TC input. To produce phase skewing, the chop
frequency divider circuit is forced to skip ahead by
four TC clock periods on a rising edge of A GATE.
This skipping is gated on and off by applying a
low-frequency clock signal (about 1 kHz from the
Calibrator circuit) to the LFC (low-frequency clock)

input pin. Internally, the LFC signal is divided by two,
and when the resulting square wave is high, count
skip—ahead is enabled.

Readout Interface

The Readout Interface accepts inputs from the ROR
and ROB pins, and drives the BLANK output pin.
When ROR is high, the BLANK output is controlled by
the chop blank signal (when enabled by the CBEN
control bit).

When the ROR input is low, chop blanking is disabled
and the ROB input is inverted and allowed to control
the BLANK output. When the ROR input goes from
low to high, the BLANK output remains connected to
the readout blank signal for an additional four to six
TC clock periods. Normally, the ROB input will be low
during this time so that the BLANK output will be high
to mask vertical source-switching transients. The
HD1, HDO, and TS outputs are disabled two to four
TC periods after ROR goes low, and are again
enabled two TC periods before the BLANK output is
disconnected from the readout blank signal (ROB).
For any readout request cycle, the ROR input
remains low for greater than six TC clock periods.
Relative timing of ROR, BLANK, HDO and HD1 (HDx),
TS, and vertical channel enables (CH x EN) is shown
in Figure 3-3.

ROR \
D

/

A4 Y

h )1

HDx, TS

AN "

AN
/4

L

CH x EN \
b1

/

ASY

(6081-05)6555-30

Figure 3-3. Readout interface relative signal timing.
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Trigger Logic IC (FLIC)

The Trigger Logic IC or FLIC (fast-logic integrated
circuit, U602 Diagram 4) does most of the fast logic
functions required to run the oscilloscope. The func-
tions are: A Sweep control, B Sweep control and
measurement gate generation, Z-Axis control, and
trigger status detection.

The A Sweep logic generates the A Sweep gate
signal (A GATE), and provides trigger status infor-
mation about the state of the A Trigger. The B
Sweep logic interfaces to the Delay Time Com-
parators (Diagram 3) and generates the B Sweep
gate (B GATE) and measurement gate signals.
There is also some logic that monitors the B Trigger
signal status when making voltage measurements
with the B Trigger circuit. The Z-Axis control logic
provides outputs for controlling the crt beam
intensity.

The Trigger Logic circuit is done in an ECL (emitter—
coupled logic) gate array, and all inputs and outputs
are compatible with standard ECL components.

Pin Description

The following is a description of the fast logic pin
outs (see Figure 3-4).

BLANK: Blanking input, from the Display
Logic IC (U600).

HD1, HDO: Horizontal display select inputs,
from the Display Logic IC.

ZEN: Z-Axis enable input, from the Display
Logic IC. Active low.

BUSY : Counter busy signal. Not used in the
2246A.

ATRIG: A Sweep trigger input.

EOAS: End of A Sweep. This signal goes
high when the A Sweep ramp crosses its
end-of-sweep threshold.

THO: Trigger holdoff input from the Display
Logic IC.
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Figure 3-4. Trigger Logic IC (FLIC, U602)
pin out diagram.

SIN': Strobe input. Latches data into the in-
ternal register. Active low.

A1, AO: Address inputs. See Table 3-17 for
addressing codes.

EOBS: End of B Sweep. This signal goes
high when the B Sweep ramp crosses its
end-of-sweep threshold.

DLY12: Input from first delay comparator.
The comparator for the delay input switches
from low to high after the end of either the
first or the second sweep delay.




DLY2: Input from second delay comparator.
This comparator normally switches from low
to high after the end of the second sweep
delay (in dual-delay mode).

B TRIG: B Sweep trigger input.

MGE : Measurement gate enable input from
the Display Logic IC. Active low.

MSEL: Measurement select input. MSEL=1
causes the DLY12 signal rising edges to
sample the B TRIG input in strobed volts
measurements. MSEL=0 selects the DLY2
signal rising edges.

DS: Delay select signal from the Display
Logic IC. DS=1 selects first delay.

DATA: Data input to the internal, control
shift register.

S1: Crt beam-intensity control output.
Turns on the beam current for the A Sweep
displays. Active low.

S2: Crt beam-intensity control output.
Turns on the beam current for the B Sweep
displays. Active low.

S3: Crt beam-intensity control output.
Turns on the beam current for the A Sweep
intensified zone displays. Active low.

S4: Crt beam-intensity control output.
Turns on the beam current for the Readout
displays. Active low.

A GATE: A Sweep gate output. Starts the A
Sweep ramp. Active high.

TDO: Trigger data output. Data to be read is
selected via the A1 and AO inputs (see
Table 3-17).
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B GATE: B Sweep gate output. Starts the B
Sweep ramp. Active high.

BUB: B Sweep unblanking output. Active

low.

C GATE: Measurement gate output. Not
used externally in the 2246A.

Table 3-17

Trigger Logic IC Addressing Logic

A1 AQ | Output of TDO pin Action when
SIN Strobed
0 O |Strobed Voits Latch| DATA clocked
into Control Reg
0 1 | Auto baseline Latch| Resets Auto base-
line Latch
1 0 | A Trigger Latch Resets A Trigger

Latch

Peak Volts Latch

Resets Peak Volts
Latch

Trigger Logic IC Control Register Description

The control register of U602 is an 8-bit shift register
that receives input from the DATA pin. Bit 1 receives
the data on a low-to-high transition on the SIN pin
(A1 = AO = 0). Bit 8 receives this data after seven
more low-to-high transitions on the SIN pin. Bit 8 is
the msb of the control register. Table 3-18 lists the
control signal name associated with each control
register bit.

DM1,

DMO0: These bits select the delay
mode (see Table 3-19).

BRUN: This bit determines whether the B
Sweep is in RUNS AFTER delay mode or Trig-
gered After delay mode. BRUN=1 selects
RUNS AFTER Mode.

PM1, PMO: These bits select the peak volts
detection mode as shown in Table 3-20.
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Table 3-18
Control Register Signal-bit Names

Bit Name

DMO

2 DM1
3 BRUN

4 PMO

5 PM1

6 ZM0

7 ZM1
8 ARUN

Table 3-19
Delay Mode Selection Control Bits
DM1 DMO Delay Mode
0 0 |First delay set to zero
0 1 First and second delays set to zero
1 0 | Normal delay mode

B Sweep disabled

Table 3-20
Peak Volts Detection Mode Logic
PM1 PMO Peak Detection Mode
0] 0 Nongated
0 1 Gated from end of delay to

end of A Sweep

1

0

Gated with C GATE

1

1

Gated with A GATE

4T GATE not used externally in 2246A.

ZM1, ZMO0: These bits determine the intensi-
fied zone mode. See the Z-Axis logic
discussion.

3-30

ARUN: This bit determines whether the A
Sweep is in the free-run mode or in the trig-
gered mode. ARUN=1 selects the free-run
mode.

A Sweep Logic

When ARUN is high, the A Sweep logic works as fol-
lows. A high on the THO input causes the A GATE
output to go low. As soon as THO goes low, the A
GATE output will go high and the A Sweep runs. At
the end of the A Sweep there is a low-to-high transi-
tion on the EOAS input. That sets the the internal
end-of-A-sweep latch causing the A GATE output to
go low, and the A Sweep shuts off. This state exists
during sweep retrace and the baseline stabilization
period until the end of holdoff when the THO input
once again goes high. That resets the
end-of-A-sweep latch and starts another A Sweep
cycle. Normally, the falling edge of A GATE will
cause an externally generated pulse to be presented
on the THO input, thus completing the loop and
allowing the A Sweep to free-run (auto-level and
auto triggered mode when the sweep is not
triggered).

When ARUN is low, the operation is similar except
that after a pulse on the THO input, A GATE won't go
high until a low-to-high transition is presented on
the A TRIG input (triggered sweep mode).

For either free-run or triggered modes, THO going
high will cause the A GATE output to immediately go
low, if the end-of-A-Sweep latch is set or not. Once
the end-of-A-Sweep latch has been set, no more A
Sweeps can happen until the THO input is pulsed (at
the end of the holdoff). The end-of-A-Sweep latch
can only be set with the EOAS input when A GATE is
high.

The A Sweep logic of U602 also monitors the A TRIG
input to latch certain A Trigger events. One latch
(the auto-baseline latch) will set on any low-to-high
transition on the A TRIG input. Another latch (the A
Trigger latch) is level sensitive and will set when the
A TRIG input is high. Both latches may be read out
through the TDO (trigger—data out) pin, selected by
the A1 and AO address input pins. That data is
applied to the TDI (trigger data in) pin of U600 and
placed in the Display Logic IC’s internal register to
be read by the Measurement Processor. Both
latches may also be reset via the SIN pin (see
description of A1, A0, and SIN input pins).

B Sweep Logic

The B Sweep logic functions about the same as the
A Sweep logic, except that more signals must be
monitored to determine when the B Sweep can run.
When DM1 and DMO = 11, the B Sweep can’t run at



all. When DM1 and DMO = 10, the B Sweep won’t be
allowed to run or trigger until the DLY12 input goes
high while the A GATE signal is also high (the normal
delayed sweep mode). When DM1 and DMO = 01,
the B Sweep will be allowed to run or trigger immedi-
ately after the A GATE signal goes high (no B Sweep
delay). When DM1 and DMO = 00, then the B Sweep
will be allowed to run or trigger immediately after the
A GATE signal goes high, if the DS (delay select)
input is high. If DS is low, the B Sweep is allowed to
run or trigger as soon as the DLY12 input goes high
while the A GATE signal is also high.

The B Sweep logic behaves as follows. The B GATE
signal goes high and BUB (B Sweep unblanking)
goes low together when the appropriate conditions
(described in the preceding paragraph) are met. A
low-to-high transition on the EOBS input will then set
the end-of-B-sweep latch, causing BUB to go high.
B GATE doesn’t go low until the A GATE signal goes
low. This is used internally to generate the S2 and
S3 outputs in some modes, and is used externally to
carry out the B ends A mode.

The DLY12 input goes to a level-sensitive latch; if A
GATE is high and DLY12 momentarily goes high, the
latch will be set, so that the DLY12 input does not
need to be held high throughout the sweep cycle. A
high level on the THO input will cause the A GATE
signal to go low. That resets this latch and causes
the reset of the rest of the sweep logic, forcing B
GATE low and BUB high.

The DLY2 input also goes to a level sensitive latch.
This second latch also gets reset when A GATE goes
low. Together with the DLY1 latch output, A GATE,
and the MGE input, the C GATE output signal gets
generated (not used externally in the 2246A).
C GATE goes low if A GATE is high, the DLY1 latch
has been set, the DLY2 latch is still reset, and the
MGE input is low.

Peak Volts Logic

The peak volts logic detects the positive and nega-
tive peaks of the B TRIG signal. It consists of a level-
sensitive latch that can be gated by the C GATE
signal, the A GATE signal, the DLY12 latch output, or
continuously. The latch may be reset by strobing the
SIN input with A1 and AO set to 11. The latch output
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can be read at the TDO pin with A1 and AO set this
way. The Measurement Processor reads the state of
the peak volts latch to determine when it has found
the correct digital value of the signal peak being
measured by the B Trigger Level Comparator.

The peak-detect latch output will go high when the B
TRIG input goes high (if the gating condition selected
by PM1 and PMO is satisfied). The latch output goes
low when reset.

Strobed Volts Logic

This logic samples the state of the B TRIG signal with
the delay comparator outputs when making gated
voltage measurements. The strobed volts latch con-
sists of an edge-triggered flip-flop with a multiplexer
driving the clock input, and the B TRIG signal driving
the D input. When MSEL=1, the DLY12 latch output
clocks the flip-flop. When MSEL=0, the DLY2 latch
output clocks the flip-flop. The state of the flip-flop
is read out at the TDO pin by the Measurement
Processor when_A1, A0 = 00. The flip-flop is reset
by strobing the SIN input with A1, AO0 = 11,

Z-Axis Logic

This logic drives the Z-Axis control outputs
(S1 - S4). These outputs have the following control
action:

S1 Turns on the A intensity current switch
(active low).

S2 Turns on the B intensity current switch
(active low).

S3 Turns on the A intensified current switch
(active low).

S4 Turns on the Readout intensity current switch
(active low).

Table 3-21 describes what the S1 - S4 outputs do
as a function of ZM1, ZMO, HD1, HDO, A GATE,
BUB, C GATE, BUSY, BLANK, and ZEN.
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Table 3-21
Z-Axis Switching Logic
zm1 ZM0 HD1 HDO S s2 S3 3 Display Mode
0 0 0 0 1 1 1 (c) Readout
0 0 0 1 (a) 1 (e) 1 A Sweep intensified by BUSY
0 0 1 0 1 (b) 1 1 B Sweep
0 0 1 1 (c) 1 1 1 XY
0 1 0 0 1 1 1 (c) Readout
0 1 0 1 (a) 1 (d) 1 A Sweep intensified by C GATE
0 1 1 0. 1 1 1 1 Blank
0 1 1 1 (c) 1 1 1 XY
1 0 0 0 1 1 (b) Readout
1 0 0 1 (a) 1 (b) 1 A Sweep intensified by BUB
1 0 1 0 1 (b) 1 1 B Sweep
1 0 1 1 (c) 1 1 1 XY
1 1 0 0 1 1 1 (c) Readout
1 1 0 1 (a) 1 1 1 A Sweep no intensified zone
1 1 1 0 1 1 1 1 Blank
1 1 1 1 (c) 1 1 1 XY
Notes

(a) = BLANK or A GATE

(b) = BLANK or A GATE or BUB or ZEN

(c) = BLANK

(d) = BLANK or A GATE or C GATE or ZEN

(e) = BLANK or A GATE or BUSY or ZEN
or is a logical-or function.

ECL-to-CMOS Level Shifters

The Trigger Logic IC, U602, is an ECL device. Its
output signal swing is the standard ECL range of
about 0.6 V. All the ECL logic devices in the 2246A
are powered from the +5 V supply rather than a -5 V
supply. The resulting output voltage swing is from
about 4.5 V to about 3.9 V between the high and low
ECL logic levels. As U602 must pass signals to the
Display Sequencer IC (U600) at CMOS highs and
lows (about 3.9 V and 0 V respectively in this
application), logic level translators are required.
That job is done by an identical translator circuit for
each of the three signals that must be sent. The
circuit action of U603C, Q604, and Q605 (the

A GATE translator) is described.

The single-ended A GATE output signal of U602 at
pin 14 is applied to pin 4 of U603B. With its other
input pin left open, U603B is used as a line driver
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only to produce a differential output signal. That
differential signal is applied to the bases of a
differential amplifier pair of pnp transistors (Q604
and Q605). The output signal is taken across R612 in
the emitter of Q604. The emitter of Q605 is con-
nected directly to ground. When the A GATE output
of UB02 is high (at 4.5 V), the voltage applied to the
base of Q604 is 4.5 V, and the voltage on the base
of Q605 is 3.9 V. These voltage levels bias Q605 on
and Q604 off, with a resulting output level across
emitter resistor R612 of 0 V to the A GATE (active
low) input of U600. When the A GATE output of U602
goes low at the end of the sweep, the bias voltage
levels on Q604 and Q605 reverse, and Q604 is
biased on (and Q605 off). Signal current through
emitter resistor R612 develops a voltage of about
3.9 V (the unasserted level) to the A GATE input of
U600.



Display Logic Clock

The Display Logic clock signal at 10 MHz is gener-
ated by a transistor oscillator circuit composed of
Q608, Y600, and associated components. The fre-
quency of oscillation is controlled by a ceramic
resonator, Y600, in the feedback path from the
collector to the base of Q608.

A AND B SWEEPS AND DELAY
COMPARATORS (Diagram 5)

Sweep Control Shift Registers

Two serial shift registers provide the control inter-
face between the Measurement Processor and the A
and B Sweep circuitry. Control bits loaded into regis-
ters U302 for A Sweep and U303 for B Sweep are
serially clocked from the SR DATA line by the SR1
CLK pulse. The states of the loaded bits select the A
and B Sweep timing by choosing the correct
charging current and timing capacitor to provide the
full range of sweep speeds. Other control bits
loaded into the two registers select the delay voltage
applied to the Delay Comparators and the output
voltage from the VOLTS CAL circuit (used for
measurement SELF CAL). Extra bits are shifted
through the two shift registers into the Auxiliary Data
Register (U1103, Diagram 3) via the AUX DATA
signal line to control the trigger bandwidth, the TV
Sync Detector switching, and the functions of 10X
MAG, X-Y display, and Vertical Comparator
enabling.

A and B Sweep Timing

Refer to Figure 3-5 for a simplified schematic of the
A Sweep circuitry.

TIMING RESISTORS. The Sweep Timing resistors in
resistor pack R313 are shared between the A Sweep
and the B Sweep circuitry; those in resistors pack
R321 are divided between the two sweep circuit.
Timing Resistor selection is done by multiplexers
U308 and U307 for the A Sweep and by U310 and
U311 for the B Sweep. The multiplexers are driven
by the Measurement Processor via control bits
loaded into Shift Register 1 (U302 and U303). (See
Table 3-22 for the control bit coding.)

SEC/DiIV VAR CIRCUIT. Variable sweep speed is
controlled by the TIME VAR voltage applied to op-
erational amplifier US09B. The amplifier controls the
current passing through Darlington transistor Q301
to the voltage divider formed by resistor pack R313.
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The voltages at the taps of the voltage divider set
the forward bias on the charging-current pass tran-
sistor, Q307, via operational amplifier U304. When
the SEC/DIV VAR control is in its detent (calibrated)
position, diode CR301 is reverse biased, and the
divider formed by R311 and R314 between the
+2.5 V reference and ground precisely sets the in-
put voltage to the noninverting input of U309B. With
a fixed voltage output from U309B, the current
through Q301 and R313 is also a fixed value. When
the SEC/DIV VAR control is rotated out of its detent
position, the voltage at the junction of R308 and
R310 decreases to forward bias CR301. The input
voltage to U309B and, therefore, the current to R313
decreases in proportion to the amount of rotation of
the SEC/DIV VAR control. A decreasing voltage at
the output taps of R313 decreases the charging
current through Q307 to increase the sweep ramp
time.

A AND B SWEEP TIMING CAPACITORS. The timing
capacitor selection circuitry is similar for the A and
the B Sweep, but the B Sweep has fewer range
steps and doesn’t require two selectable capacitors.
Only the A Sweep timing capacitor selection is
described; like components in the B Sweep circuit
do the same job.

Timing capacitance for the A Sweep is made up of a
combination of fixed, variable, stray, and selectable
components. Sweep timing for the fastest A Sweep
speeds is done with a combination of the fixed,
variable, and stray capacitance and the selectable
charging current supplied through R321, U308, Q307
and Q330. When the slower sweep speeds are
selected, additional capacitors must be switched
into the circuit to produce a longer charging time.
The capacitors that are always in the A Sweep
charging path are C315 (a fixed capacitor), C314 (a
variable capacitor used to adjust the A Sweep timing
at the fastest sweep speeds), and the stray circuit
capacitance.

The base-to-collector junction capacitance Q330
changes as the voltage between the base and col-
lector of Q330 increases during ramp up. At the
fastest A Sweep speeds, that change would affect
the timing at the start of the charging ramp. To com-
pensate for the junction-capacity effect of Q330,
transistor Q328 (connected as a diode) is added be-
tween the charging current path and the A Sweep
Buffer output. The capacitive current through the
reverse-biased junction of Q328 adds current to the
output to make up for the current required to charge
the base-~to-collector capacity of Q330 in the input
of the Sweep Buffer.
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Figure 3-5. Simplified Sweep Circuit.
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The selectable sweep timing capacitors come in a
matched set of three capacitors, two for the A
Sweep timing (C307A and C307B) and one for the B
Sweep timing (C307C). When added capacitance
is needed for a sweep speed setting, the
Measurement Processor loads selection control bits
into Shift Register 1 (U302 for the A Sweep) that turn
on either Q305 or Q306 or both. Assume that Q305
is biased on by a high control bit from pin 5 of U302.
Capacitor C307B is then added in paraliel to the ca-
pacitors in the charging path, and a longer ramp
time is needed to reach the end-of-sweep voltage
level. Control bits selecting the charging current are
also loaded at the same time. See Table 3-22 for
the A Sweep timing and control bit selections
(asO-as5) and Table 3-23 for the B Sweep bit
selections (bs0-bs4).

Baseline Stabilizer

The job of the Baseline Stabilizer circuit (Q302,
Q303, and Q304 for the A Sweep and Q315, Q316,
and Q317 for the B Sweep) is to tie the start of the
sweep ramps to the same fixed level for each
sweep. Operation of the A Sweep stabilizer is
described.

A differential circuit formed by Q302 and Q303 com-
pares the A Sweep feedback signal on the base of
Q303 against the reference voltage on the base of
Q302, to contro! the base bias current to Q304 and
thereby the sweep baseline level. Operational ampli-
fier US09A generates the fixed reference that the
baseline voltage level is compared against. The
reference voltage amplifier has a gain of -0.8 (less
than one and inverted); and, with +2.5 V applied to
the inverting input and the noninverting input
grounded, the output level is -2 V. Capacitor C305
filters the output to eliminate noise that could cause
sweep start jitter. The filtered voltage is applied to
the junction of R317, R354, and C305 and
references both Baseline Stabilizer circuits.

A and B Sweep Start

The A and B Sweep Start circuits operate the same
way with like components in each doing the same
job; only the A Sweep Start circuit is described.
Sweep time may be divided into three periods:
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baseline, run-up, and retrace (see Figure 3-6).
Sweep start and length of sweep run-up is
controlled by the A GATE and A GATE signals from
the Trigger Logic IC (U602, Diagram 4).

A GATE SIGNALS. The A GATE and A GATE signals
are applied via 8.2 V zener diodes (VR301 and
VR302) to the bases of Q308 and Q309 in a differen-
tial amplifier configuration. The input circuit to the
differential pair level shifts the ECL signals (4.3 V to
3.4 V) to the proper biasing levels (-3.9 V to -4.8 V)
for the bases of the differential amplifier transistors.
Transistor Q326 in the emitter circuit of Q308 and
Q309 is the current source for the differential pair.
Transistor Q311 is part of the bias circuit for Q326
and provides feedback to the base of Q326 that con-
trols the current provided to Q308 while the sweep is
being held at the baseline level.

BASELINE STATE. In the baseline state (during
sweep holdoff), Q308 and Q304 are on and Q309 is
off, and the level at the collector of Q308 is held at
-2.8 V. That voltage is buffered by the A Sweep
Buffer (with about a 0.7 V rise across the base-to-
emitter junction of Q312) and fed back to the base
of Q303 where it is compared with the -2 V refer-
ence produced by operational amplifier U30SA. If the
baseline voltage is too low compared to the output
of U309A, Q303 (the retrace current regulator) is bi-
ased on a little harder. Additional base current is
available to Q304, and it conducts harder to raise
the output baseline voltage to the reference voltage
level. The opposite action occurs if the baseline
voltage is too high.

A smaller feedback loop formed by Q311 and R305
controls the gain of Q326 so that the standing cur-
rent available (about 3 mA) is just enough to keep
Q304 biased on during the baseline state. When the
states of the gate signals reverse, Q309 is turned on
and Q308 turns off. The standing current then con-
ducts through Q309 to rapidly pull the base of Q304
down to shut it off. When the base voltage reaches
about -2.7 V, Q333 conducts. That action clamps
the base voltage of Q304 (and the collector voltage
of Q309) at that level and prevents Q309 from satu-
rating so that it will have a short turn-off time when
the sweep ends.
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Table 3-22
A Sweep Timing Selections

SPEED ltiming Ctiming as5 as4 as3 as? asi as0 Min H.O.
10 ns 4 mA C314/C315 0 0 1 0 1 0 2.0 us
20 ns 2 mA " 0 0 0 1 1 0 2.0 us
50 ns | 800 pA " 0 0 0 0 1 0 2.0 us
100 ns 400 pA " 0 0 1 0 0 1 2.0 pus
200 ns 200 pA " 0 0 0 1 0 1 2.0 ps
500 ns 80 nA " 0 0 0 0 0 1 2.0 ps
1 ps? 40 pA " 0 0 1 0 0 0 2.0 us
2 ps? 20 pA " 0 0 0 1 0 0 4.0 ps
5 us? 8 nA " 0 0 0 0 0 0 10 ps
1 us 4 mA C3078 0 1 1 0 1 0 2.0 pus
2 us 2 mA " 0 1 0 1 1 0 4.0 us
5 us 800 pA " 0 1 0 0 1 0 10 us
10 ps 400 pA . 0 1 1 0 0 1 20 us
20 us 200 pA " 0 1 0 1 0 1 40 ps
50 us 80 nA " 0 1 0 0 0 1 100 ps
100 us 40 pA " 0 1 1 0 0 0 200 us
200 us 20 pA " 0 1 0 1 0 0 400 ps
500 ps 8 uA_ " 0 1 0 0 0 0 1.0 ms
1ms 4 mA C307A 1 0 1 0 1 0 2.0 ms
2ms 2 mA " 1 0 0 1 1 0 4.0 ms
5 ms 800 pA " 1 0 0 0 1 0 10 ms
10 ms 400 pA " 1 0 1 0 0 1 20 ms
20 ms 200 pA u 1 0 0 1 0 1 40 ms
50 ms 80 A " 1 0 0 0 0 1 100 ms
100 ms 40 pA " 1 0 1 0 0 0 200 ms
200 ms 20 pA " 1 0 0 1 0 0 400 ms
500 ms 8 nA i 1 0 0 0 0 0 1s

3ysed only during horizontal characterization.
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Table 3-23
) B Sweep Timing Selections

SPEED | timing Ctiming bs4 bs3 bs2 bs1 bs0

10 ns 4 mA (C329/C330 0 1 0 1 0

20 ns 2 mA " 0 0 1 1 0

50 ns 800 uA ! 0 0 0 1 0

100 ns 400 pA ! 0 1 0 0 1

100 ms 200 pA " 0 0 1 0 1
100 ms 80 nA " 0 0 0 0 1

1 pus 40 pA " 0 1 0 0 0

2 ps 20 pA u 0 0 1 0 0

5 us 8 nA " 0 0 0 0 0

— 10 ps 4 mA C307C 1 1 0 1 0
20 ps 2 mA " 1 0 1 1 0

50 ps 800 pnA " 1 0 0 1 0

100 ps 400 pA " 1 1 0 0 1

100 us 200 pA " 1 0 1 0 1

100 ps 80 pnA " 1 0 0 0 1

1 ms 40 pA u 1 1 0 0 0

. 2 ms 20 pA " 1 0 1 0 0
5 ms 8 uA ! 1 0 0 0 0

RUNUP STATE. With Q304 and Q308 off, the
charging current from the timing circuit can begin
charging the timing capacitors, and the voltage at
the emitter of Q304 ramps up linearly. That ramp is
buffered by the A Sweep Buffer (U310A and B and
Q312) to drive the Horizontal Output Amplifier. As
the ramp is running up, it is being compared with a
fixed reference level by the Sweep End Com-
parators. When the ramp level reaches the compari-
son level, the A SWP END signal goes high. That
signals the Trigger Logic IC, U602, to end the A
GATE signal, and the sweep is switched to the
retrace state. The sweep ramp is also being fed
back to the base of Q303. At the point in the ramp
that the base voltage of Q303 exceeds that on the
base of Q302 (the -2 V baseline reference), Q303 is
biased off and Q302 conducts. This biasing con-
ditions disables the feedback loop that stabilizes the
baseline voltage level, and it remains off until the

feedback voltage during the retrace period falls back
to near the -2 V baseline reference voltage on the
base of Q302.

RETRACE STATE. At the end of the sweep, the gate
signals reverse state. Transistor Q309 is biased off,
and Q308 is biased on. Retrace current supplied by
Q308 quickly returns the voltage across the timing
capacitor to a little below the baseline voltage level.
That retrace current is regulated by Q311 and Q326
to produce a rapid, yet rate-controlled retrace. At
the point of the fall in feedback voltage where Q303
starts to turn on, base current becomes available to
Q304 to turn it on, and the feedback loop that
stabilizes the voltage at the baseline level again
becomes active.
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Figure 3-6. A Sweep Start circuit waveforms.

A and B Sweep Buffers

The A Sweep Buffer (Q310A and B, and Q312) and B
Sweep Buffer (Q323A and B, and Q325) buffer the
voltage ramp as the timing capacitors charge. In the
A Sweep circuit, Q310A and Q310B are high-
impedance FET amplifiers driving emitter follower
Q312. The output signal from the emitter of Q312 is
applied to the Delay Time Comparators, the End-of-
Sweep Comparators, fed back to the Baseline
Stabilizer circuit, and sent to the Horizontal Output
Amplifier (Diagram 6) as the A RAMP horizontal
deflection signal.

Sweep End Comparators

The sweep ramp signals must horizontally deflect
the electron beam across the entire face of the crt.
Comparators U316A, B, C, and D determine when
the A and B Sweeps have reached the required
amplitude. These comparators check the sweep
voltage against the reference level that defines the
end of the sweep and generate the A SWP END and
B SWP END signals when that level is reached. The
sweep-end signals are applied to the Trigger Logic
IC (U602) so that device knows when the sweeps
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are done. The Trigger Logic IC then switches the
states of the A GATE or the B GATE signal (as
appropriate) to reset the sweep circuitry to its
baseline level.

Delay Time Comparators

When the A Sweep ramp runs, its amplitude is com-
pared against two delay levels by the comparators
of U313. The differential outputs of the REF delay
comparator change states when the A Sweep
crosses the first delay level. The differential output
signal from the delay comparator is applied to ECL
line receiver U315C. That device has a high gain and
produces a fast-rise signal at an ECL level. When
the DLY END O (reference delay completed) is
received by the Trigger Logic IC (U602, Diagram 4),
a B GATE is produced to start the B Sweep in RUNS
AFTER B Trigger mode. That B Sweep displays the
applied waveform at the first (reference) delay
setting. At the end of the delay in RUNS AFTER
mode, the Trigger Logic IC begins watching for a B
Trigger signal that must occur before a B GATE is
produced.

The differential output of the second delay com-
parator in U313 changes states when the A Sweep



ramp at pin 9 crosses the second (delta) delay level
applied to pin 6. At that point, the DLY END 1 signal
is produced at the output of U315A (pin 2) and
applied to U602. A second B GATE signal is then
produced to start another B Sweep ramp to display
the signal at the delta delay setting.

Delay Time Switching

The DELTA DELAY and REF DELAY voltage level are
applied to multiplexer U301 from the DAC circuit.
The Measurement Processor established those volt-
ages based on the settings of the CURSOR/TIME
POSITION controls made by the user from the front
panel. Switch section U301A is held permanently
switched to direct the DELTA DELAY signal to its
output pin.

HORIZONTAL OUTPUT AMPLIFIER
(Diagram 6)

Horizontal Preamplifier

Horizontal Preamplifier IC U802 converts single-
ended horizontal signals (A sweep, B sweep,
horizontal readout, and X-Axis) into differential out-
puts to drive the crt horizontal deflection plates. The
horizontal preamplifier signals are selected by the
HDO and HD1 logic signals from Display Sequencer
UB00 on Diagram 4. Magnified sweep, beam find,
horizontal positioning, and horizontal gain adjust-
ments (X1 and X10) are provided in U802 and
associated components.

The function of each pin of U802 is as
follows:

RO (Pin 1): RO HORIZ. Input for horizontal
component of the readout display.

GA1 (Pin 2): Adjustment of R825 sets the
horizontal X1 gain.

A RAMP (Pin 3): Input for the A Sweep
signal.

GND (Pin 4): Ground connection for U802.

B RAMP (Pin 5): Input for the B Sweep
signal.

MAG (Pin 6): Selects X10 magnified sweep
when high or normal sweep when low. Mag-
nified mode is selected when in X-Y hori-
zontal mode.

X (Pin 7): X-AXIS. This is the X-Axis signal
input when in X-Y horizontal mode. The
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signal source is the CH 1 trigger signal from
U421A (Diagram 3). Adjustment of R827
sets the gain of the X-Axis signal.

HDOQ (Pin 8): Pin 8 (HDO) and pin 11 (HD1)
are logic lines that select the horizontal input
signal to output differentially at pins 18 and
19. Table 3-24 gives the selection logic.

Table 3-24
HDO and HD1 Logic
HD1 HDO Horiz Signal Selected
0 0 RO HORIZ
0] 1 A SWEEP
1 0 B SWEEP
1 1 X-AXIS

Vgg (Pin 9): -5V supply to U802.

GA10 (Pin 10): Adjustment of R826 sets the
horizontal X10 gain.

HD1 (Pin 11): See the description for HDO
above.

ROUT (Pin 12): Horizontal Preamplifier dif-
ferential output signal for the right deflection
plate.

LOUT (Pin 13): Horizontal Preamplifier dif-
ferential output signal for the left deflection
plate.

BF (Pin 14): The BEAM FIND signal from
U503 (Diagram 4) switch the Beam Find
feature on or off. BEAM FIND on reduces the
horizontal deflection to within the graticule
area. Vertical deflection is also reduced and
the intensity is set to a fixed viewing level to
aid in locating off-screen, over-deflected,
or under-intensified displays.

POSITION (Pin 15): Input for the horizontal
position control signal. Multiplexer section
U301B switches to reduce the range of the
Horizontal POSITION control to match that of
the Vertical POSITION controls when in X-Y
horizontal mode. When X-Y display mode is
selected, a low XY signal on Pin 9 of U301B
connects the pin 5 input to the horizontal po-
sition input of U802. The signal at pin 5 is a
reduced horizontal positioning signal
produced by the R353/R358 voltage divider.

Vce (Pin 16): +7 V supply to U802,
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Driver Amplifiers

The differential output current signal from U802
passes through common-base current amplifiers
Q809 and Q810. These transistors drive current-to-
voltage converters Q803-Q804 and Q807-Q808.
Emitter followers Q804 and Q803 convert the current
signal to a voltage signal to drive the
complementary-FET output amplifiers, Q801 and
Q802, to produce the negative-going deflection
voltage. Emitter followers Q808 and Q807 convert
the other side of the differential current to drive
Q805 and Q806 to produce the positive-going hori-
zontal deflection voltage.

The circuit of Q804 and Q803 is configured to
respond rapidly to a negative-going feedback
signal; the circuit of Q807 and Q808 is configured to
respond quickly to the positive-going feedback
signal. Zener diode VR802 and associated resistors
R843 and R844 maintain the collector bias of Q803
and Q808 at 24 V.

Magnifier registration and horizontal readout cen-
tering is set by MAG REG potentiometer R809.
Adjustment of R809 is done to balance the currents
into the emitters of Q809 and Q810 to obtain the
correct horizontal position of the readout within the
graticule display area.

Output Amplifier

The differential circuitry of both sides of the Hori-
zontal Output Ampilifier is similar; operation of only
one side of the amplifier is described.
Complementary-FET amplifiers Q801 and Q802
produce the negative—going horizontal signal to drive
the left deflection plate. Two transistors are used to
provide adequate power handling. Since the two
gates are at different bias levels, signal voltage is
applied to the gate of transistor Q801 via C803.
Resistor R828, connected between the source and
drain of Q801, is a parallel current path around Q801
that balances the power handling requirements of
the two FETs. The amplifier FETs are high gain
devices, and the overall gain must be reduced to
maintain circuit stability at the faster sweep rates. To
provide the high-frequency gain reduction, resistor
R850 is in series with C802, from the source of Q802
to the drain of Q801, to damp the driving—energy to
Q801 supplied by C802 during the sweep retrace
transitions. Feedback resistor R806 provides positive
feedback and sets the overall gain of the output
amplifier stage. A parallel trimmer capacitor across
the feedback resistor, C807, adjusts the 2 ns sweep
timing for its best linearity. Impedance matching to
the deflection plate and additional signal damping is
provided by R802.
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As the gate voltage of Q802 increases to follow the
input ramp signal, the drain voltage goes negative
from about 87 V toward the 15 V source voltage. At
the same time, the signal on the gate of
complementary—-FET Q801 is reducing the current
through Q801, thereby allowing its source voltage to
fall. At the end of the ramp signal, the input voltage
falls, and through the positive feedback, Q802 is
rapidly biased off. That also biases Q801 on, and the
energy stored in C802 quickly returns the deflection
plate voltage back to its starting point.

Common-Mode Stabilizer

Operation amplifier U801A compares the node
voltage at the junction of R820, R821, and R822 to
ground. Its output drives the ampilifier input
common-mode point (at the junction of R811 and
R812). The purpose of this dc feedback circuit is to
keep the average voltage level on the right and left
horizontal deflection plates set to the center of the
amplifier’'s dynamic operating range (about 70 V).

Z-AXIS, CRT, PROBE ADJUST, AND
CONTROL MUX (Diagram 7)

Z-Axis and Auto Focus Amplifiers

The Z-Axis and Auto Focus Amplifiers circuit op-
erate on the same principle and both get their drive
signal from the Z-Axis Focus Driver. However, the
differences are enough that both circuits are
described.

Z-AXIS AMPLIFIER. Intensity control signal current
from the Z-Axis/Focus driver is applied to the Z-Axis
amplifier via Q2707. That transistor acts as a current
buffer amplifier. The input signal line is clamped at
5.4 V by Q2715 to prevent an overdrive of the Z-
Axis circuit. The Z-Axis Amplifier output transistors
consist of Q2701 and Q2702 on one side of the
complementary-symmetry totem-pole output ampli-
fier and Q2703 and Q2704 on the other side. Two
transistors are used on each side to divide the
power handling requirements needed to drive the crt
control grid. The crt grid capacity is large, and
requires a relatively large amount of power to
change the intensity level quickly.

In the base circuit of Q2704, CR2705 prevents the
base-to-emitter voltage from exceeding 0.6 V.
Zener diode VR2701 dc level-shifts the signal volt-
age level at the emitter of Q2705 for proper biasing
of Q2704. The ac signal components are bypassed
around VR2701 by C2703. Base biasing for Q2702
and Q2703 is taken from a series-resistance divider
formed by R2711, R2712, R2713, and R2714
between ground and the +130 V supply. Base



biasing for Q2701 is provided by R2715 and R2716 in
series between ground and the +130 V supply.

A negative-going input signal to the base of Q2705
causes that transistor to decrease conduction, and
the voltage at the top of C2705 goes negative fol-
lowing the input signal. Transistor Q2701 is biased
on harder by the negative transition, and Q2704
decreases in conduction. At the Z-Axis output signal
line (collector of Q2702), the increasing conduction
causes the voltage to rise towards the +130 V supply
level. A positive~going input signal has the reverse
effect on the output signal. The full output-voltage
swing of about 60 V is produced by a 3 mA current
change of the Z-Axis Focus/Driver signal current.

Gain of the Z-Axis Amplifier stage is set by the feed-
back through R2708 and R2709 from the collector of
Q2702 to the base of Q2705. The amplifier is com-
pensated by the variable capacitor (C2704, Z-Axis
Response) in parallel with the feedback resistors.

BEAM FIND. The Z-Axis portion of the BEAM FIND
circuit consists of R2705 and Q2706. When BEAM
FIND is active, Q2706 is biased on. This clamps the
Z-Axis signal line via R2706 and raises the voltage at
the base of Q2705 to a level that produces a bright
trace.

Auto Focus Amplifier

The Auto Focus Amplifier (Q2708, Q2709, Q2711,
Q2712, and Q2713) uses a sample of the
Z-Axis/Focus Driver signal current from W2701 to
drive the auto-focus circuit. The input signal is
inverted by Q2708 to drive Q2711 in a comple-
mentary fashion to Q2705 in the Z-Axis Amplifier
circuit (as the opposite circuit action must happen to
produce the correct auto-focus response). The
auto-focus output amplifier is similar to the Z-Axis
amplifier, but it uses only one complementary tran-
sistor on each side (not as much power is needed to
drive the focus grid as needed to drive the intensity
grid).

Dc Restorers

The Z-Axis and the Auto Focus DC Restorers are
similar in operation. Both circuits are described, but
only the added portions of Auto Focus circuitry are
included in the discussion of the Auto Focus circuit.

The Dc Restorers set the crt control-grid and focus-
grid biases and couple the ac and dc components of

Theory of Operation—2246A Service

the Z-Axis and the Auto Focus Amplifier outputs to
the crt grids. Direct coupling of the Z-Axis and Auto
Focus signals to the crt control grid is not employed
because of the high potential differences involved.
Refer to Figure 3-7 during the following discussion.

Z-AXIS DC RESTORER. Ac drive to the Z-Axis D¢
Restorer circuit is obtained from pin 12 of T2204.
The drive voltage has a peak amplitude of about
1130 V at a frequency of about 18 kHz and is
coupled into the Z-Axis Dc Restorer circuit through
R2722 and C2713. The cathode of diode CR2704 is
biased by Grid Bias potentiometer R2719 and ref-
erenced to ground via R2720. The ac-drive voltage
is clamped to the voltage set by the Grid Bias poten-
tiometer wiper whenever the positive peaks forward
bias diode CR2704. Capacitor C2710 prevents sig-
nificant loading of the potentiometer wiper voltage
when CR2704 conducts.

The Z-Axis Amplifier output voltage, which varies
between +16 V and +66 V, is applied to the Dc
Restorer at the anode of CR2703. The ac-drive
voltage holds CR2703 reverse biased until the volt-
age falls below the Z-Axis Amplifier output voltage
level. At that point, CR2703 becomes forward biased
and clamps the junction of CR2703, CR2704, and
C2713 to the Z-Axis output level. Thus, the 18 kHz
ac—drive voltage is clamped at two levels to produce
a roughly square-wave 18 kHz signal with a positive
dc-offset level.

The Dc Restorer is referenced to the -2750 V crt
cathode voltage through CR2702 and R2723. Initially,
both C2712 and C2711 charge up to a level de-
termined by the difference between the Z—Axis out-
put voltage and the crt cathode voltage. Capacitor
C2712 charges from the Z-Axis output through
R2721, R2723, CR2702, and CR2703, to the crt
cathode. Capacitor C2711 charges through R2723
(a series damping resistor), CR2702, and CR2701 to
the crt cathode.

During the positive transitions of the ac drive (from
the lower clamped level toward the higher clamped
level) the charge on C2712 increases due to the
rising voltage. The voltage increase across C2712 is
equal to the amplitude of the positive transition. The
negative transition is coupled through C2712 to
reverse bias CR2702 and forward bias CR2701. The
increased charge of C2712 is then transferred to
C2711 as C2712 discharges toward the Z-Axis
output level. Successive cycles of the ac input to the
Dc Restorer charge C2711 to a voltage equal to the
initial level plus the amplitude of the clamped
square—wave input.
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Figure 3-7. Simplified diagram of the DC Restorer circuitry.

The charge held by C2711 sets the control-grid bias
voltage. If more charge is added to that already
present on C2711, the control grid becomes more
negative (display dimmer). Conversely, if less
charge is added, the control-grid voltage level
becomes closer to the cathode-voltage level, and
the display becomes brighter. During periods that
C2712 is charging, the crt control-grid voltage is
held constant by the long time-constant discharge
path of C2711 through R2724,
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Fast-rise and fast—fall transitions of the Z-Axis out-
put signal are coupled to the crt control grid through
C2711 to start the crt writing—-beam current toward
the new intensity level. The Dc Restorer output level
then follows the Z-Axis output-voltage level to set
the new bias voltage for the crt control grid.



Neon lamps DS2702 and DS2701 protect the crt
from excessive grid-to-cathode voltage if the
potential on either the control grid or the cathode is
lost for any reason.

AUTO FOCUS DC RESTORER. The action of the
Auto Focus circuit has to be in reverse of the action
of the Z-Axis circuit. The differential transistor pair
of Q2708 and Q2709 provides drive to the Auto Fo-
cus Amplifier that is inverted in polarity to the Z-Axis
signal. As the intensity increases (more beam cur-
rent), the focus grid bias must become more posi-
tive to maintain the focus of the beam. Also, since
the focus grid operates at a less negative level than
the control grid, the Auto Focus DC Restorer is ref-
erenced to the -2750 V supply via a voltage divider
chain.

The FOCUS potentiometer (R2758) voltage is taken
across the middle resistor of the divider string to
provide an adjustable focus voltage that sets the
nominal focus level. Capacitor C2758 filters the
reference supply voltage for the focus circuit.

Volts Cal Signal Source

This circuit provides the precision voltages required
for setting the voltage measurement constants dur-
ing the SELF CAL routine. Ground is connected to
the vertical input when GND Input Coupling is
selected.

Five voltages are selected from a precision voltage
divider, R921, and multiplexed through U931 to the
vertical inputs at the appropriate time during the
SELF CAL routine. Selection is controlled by three
binary coded lines (VOLT CAL 0, 1, 2) from U303.
Those control bits and the selected output voltage
may be checked one at a time by running the VOLT
REF exerciser from the Service Menu.

Control Multiplexer

Multiplexer U506, controlled by Data Latch U2313 on
Diagram 11, selects the A INTEN, B INTEN, and
READOUT control levels and probe code voltages to
be sent on the PROBE MUX signal line to multiplexer
U2309 on Diagram 11. The bit coding is shown in
Table 3-25. The selected output from U2309 is ap-
plied to the A-to-D Converter (U2306, Diagram 11)
where it is digitized and sent to the Measurement
Processor.
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Table 3-25
Front-Panel Multiplexer
Channel Select Bits

CONTROL LINE Analog
Signal
POT7 POT6 POTS Selected
0 0 0 A INTEN
0 0 1 RO INTEN
0 1 0 CH 1 PROBE
0 1 1 CH 2 PROBE
1 0 0 CH 3 PROBE
1 0 1 CH 4 PROBE
1 1 0 B INTEN
1 1 1 ANALOG GND

Scale lllumination

Front-panel SCALE ILLUM control R905 varies the
base current of Q905, Q907, and Q908 to set the
intensity levels of the scale illumination bulbs
(DS901, DSS02, DS903).

NOTE

Bulb life is extended by keeping SCALE
ILLUM control set low or off except when full
intensity is required.

Probe Adjust Circuit

The Probe Adjust circuit generates a 0.5 V square
wave signal at about 1 kHz. Operational amplifier
U930A has a gain of about 4. The +2.5 V reference
on its noninverting input produces a little over 10 V
at the output pin. That voltage is divided by the volt-
age divider formed by R936, CR936, and R337 for a
peak amplitude of the signal of 0.5 V during the time
CR936 is forward biased. When CR936 is reverse bi-
ased by the output of US30B, the Probe Adjust out-
put voltage is pulled down to 0 V through R937 to
ground.
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Operational amplifier U930B is a free-running oscil-
lator circuit with a period of about 1 ms. The oscil-
lator frequency is determined mainly by the charging
time constant of C935 and R935. The voltage divider
formed by RS38, R334, and R939 divides the +15 V
supply to provide a positive voltage on pin 5 of the
oscillator to get the circuit into oscillation. (When the
circuit is oscillating, the feedback signal switches the
pin 5 voltage between about +8 V to 0 V.) The gain
of the amplifier is high enough to drive pin 7 to the
positive supply voltage level at about 14 V, and the
signal voltage level on pin 5 rises to a little over 8 V
from the feedback current supplied by R933. The
CLK 1K signal taken from the junction of R934 and
R939 is supplied to UB00 and is used to skew the
chop-clock frequency. The skew prevents the oscil-
loscope from triggering on the chop frequency when
displaying multiple traces in CHOP Mode.

At that level CR935 is reverse biased, and CR936 is
forward biased (by the output of U930A) to pass the
Probe Adjust high level output signal current.
Charging current through feedback resistor R934
charges C935 up from 0 V toward the output voltage
level. As soon as the charge on C835 (and the
voltage on pin 6 of U330B) reaches the voltage level
on pin 5, the output level at pin 7 drops to about
-5V, and C935 must then begin discharging to the
new voltage level. At that point CR935 is forward
biased and that reverse biases CR3936 so that the
Probe Adjust output voltage drops to 0 V. Resistor
R940, in series with CR935, limits current flow to
protect U930 and CR935 in the event of a static dis-
charge to the PROBE ADJUST output connector.

Crt

The Trace Rotation adjustment, R911, varies the
current through the Trace Rotation coil. The Trace
Rotation coil is located between the crt face and the
vertical and horizontal deflection plates, and it
affects both the vertical and horizontal alignment of
the trace.

The Geometry adjustment, R2784, varies the voltage
level on the horizontal deflection-plate shields to

control the overall geometry of the display
(minimizes bowing of the display).
The Astigmatism adjustment, R2788, varies the

voltage level on the astigmatism grid to obtain the
best-focused display over the whole face of the crt.

MEASUREMENT PROCESSOR (Diagram 8)

The Measurement Processor circuitry includes the
Processor (U2501), the System RAM (U2521), the
System ROM (U2519), communication bus latches
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and transceivers, the Address Decoding circuitry,
and the Power-On Reset IC (U2502).

Power-On Reset

The +5 V supply is monitored by U2502 to generate
the reset signals throughout the instrument. These
reset signals initialize the states of the logic devices
and ensure that memory writes to any of the RAM
spaces cannot occur until the +5 V supply is up to its
correct operating level. The RESET signal output at
pin 6 is initially high during power up (as soon as the
voltage has reached the operating level of the
RESET IC, U2502). That high signal is inverted by
U2506C to produce the SYS RESET signal. The
SYS RESET signal holds Processor U2501 in its reset
state.

The SYS RESET signal also resets and initializes the
Readout Processor (U2400, Diagram 9) and DAC
Processor (U2601, Diagram 12). At pin 5 of U2502,
a RESET signal is generated. That signal biases
Q2507 off to prevent System RAM U2521 from being
selected by any random states that might occur on
the address lines during reset as the voltage is
rising.

About 5 ms after the +5 V supply reaches the op-
erating level required for the Processor, the RESET
condition is removed, allowing the Processor to
operate. At power off (and for a momentary drop in
the +5 V supply), when the +5 V supply falls below
the safe operating level of the logic devices, the
RESET condition occurs to prevent random
operation.

Measurement Processor

FUNCTION. Measurement Processor U2501 is a
multitasking device. Its major functions are the
following:

1. Continually refreshes the front panel indicator
LEDs. One column of the six-column LED
matrix is refreshed every 2.048 ms.

2. Continually scans the front panel switch set-
tings, sensing rotation of rotary switches and
closures or openings of momentary-contact
switches. One column of the six-column
switch matrix (the same column number of
LEDs being refreshed) is read every
2.048 ms.

3. Communicates with the Readout Processor
and Readout RAM to set attributes for each
readout field, put text into each field, and
turn the readout fields on or off.

—



4, Scans the front panel pots and sets control

voltage levels. The Measurement Processor
selects a pot to be scanned by connecting it
to Comparator U2306 in the d-to—-a circuitry.
The Measurement Processor does a
successive—approximation a-to-d conversion
on each pot, using the DAC (U2302) to out-
put the search values to the Comparator. Pot
values are scanned, processed, and con-
verted to analog control values by the DAC.
The analog levels from the DAC are output to
the controlled devices via sample-and-hold
circuits (U2304, U2305 on Diagram 11 and
U2606, U2607, U2608 on Diagram 12).

. Sets up the hardware state of the instrument,
including shift registers 0 and 1, BEAM FIND,
and the operating states of U600 (SLIC) and
U602 (FLIC). This setup takes place as
needed for every change of a front panel
momentary—contact or rotary—contact
switch.

. Keeps track of trigger status and controls the
trigger levels when in AUTO LEVEL mode. It
uses FLIC (U602) to find the A Trigger status
(writing to FLIC to reset the A Trigger latch,
and reading from it to get the status). It uses
SLIC (UB00) to find the B Trigger status
(writing to SLIC to reset the B Gate latch, and
reading from it to get the status). To
reacquire the trigger level (positive and
negative peaks of the trigger source
waveform) it uses the Trigger ICs (U421 and
U431), and the Trigger Comparators in FLIC
(it writes to FLIC to reset the Trigger com-
parator latches, and reads from FLIC to get
the status of the latches). To switch between
free-running and triggered mode in AUTO
LEVEL and AUTO trigger modes, it writes to
the control register in FLIC; it switches to trig-
gered mode when trigger frequency is suf-
ficiently high and to free-run mode when too
low.

. Tracks the trigger level and ground with cur-
sors. The cursors are displayed by directing
the Readout system to display cursor charac-
ters, and using the DAC system to set the
REF CURSOR and DELTA CURSOR level to
match the trigger or ground point on the
waveform.

. Does automated measurements. Some
measurements are knob-driven. They are:

& SEC

- 1/SEC 4
- PHASE-!
- VOLTS-!
 VOLTSI
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When these measurements are running, a new
digital value is displayed, and the cursor or delay-
zone position is changed only when the user
changes the setting of one of the continuous-
rotation CURSOR/TIME POSITION controls. Other
measurements are waveform-driven. They are:

DC

+PEAK

-PEAK

PK-PK

GATED +PEAK
GATED -PEAK
GATED PK-PK

When these measurements are running, a new
digital value is displayed and the cursor position is
changed each time a measurement cycle occurs.
These measurements use the B trigger system; and,
for DC, the low-pass circuit formed by U1101B and
associated filter components (Diagram 3).

9. Controls the AUTOSET function by setting up
the vertical, horizontal, triggering, and crt
controls to obtain a usable display based on
the input signal characteristics.

10. Controls the STORE/RECALL system store
and recall functions.

11. Calibrates the measurement system. The
vertical and horizontal gains of the instrument
are set by manual potentiometer adjust-
ments; therefore, the Processor does not
control the match between the waveform dis-
play and the graticule. However, it does ad-
just the measurement results to compensate
for any error in the vertical or horizontal gain.
(An example of this is that there could be
more than 0.5% error in matching a time
base signal to the graticule, but less than
0.5% error in a time measurement done on
that signal).

In the Time Base calibration routine, the Measure-
ment Processor uses the TB Cal signal, the Trigger
circuitry, the A Sweep system, and U602 (FLIC) to
find the match between the delay levels (REF DELAY
and DELTA DELAY) and edges of the calibration
signal. In the Vertical System calibration, the
Processor uses the Voltage Reference Generator
(US31, Diagram 7), the Readout System, the Verti-
cal Preamplifiers, the Delay Line Driver, and the Ver-
tical Comparator (U702) to find the match between
Readout REF CURSOR and DELTA CURSOR levels
and vertical outputs generated by the preamplifiers.
It uses the Voltage Reference Generator, the Verti-
cal Preamplifiers, and the Trigger circuitry to find the
match between trigger levels and trigger signals
picked off from the Vertical Preamplifiers.
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MEASUREMENT PROCESSOR SIGNALS. Table
3-26 is a listing of signal name and function of the
Measurement Processor signals.

Data Buffers

BUS 0 BIDIRECTIONAL BUFFER. Buffer U2515
communicates the serial bit data to and from the
Measurement Processor. Seven data lines of the
eight available are used in this application. The
remaining one is connected to the +5 V supply to
prevent random states and noise from affecting the
other data lines in the device. The buffer is enabled
via U2503B when both pins 38 (MCS0) and 39 (DEN)
of the Processor are low. The direction of transfer is
controlled by the DT/R output of the processor.

BUS 1 BIDIRECTIONAL DATA BUFFER. Data com-
munication to and from the Measurement Processor
is via Buffer U2514. Direction of the data transfer is

controlled by the DT/R (Data Transmit/Received)
output from the Measurement Processor. Data
enabling occurs when pin 39 (DEN) goes low while
pin 38 (MCSO0) is high.

BUS ARBITRATION GATES. The Bus Arbitration
logic (U2503A and B, and U2506D) controls which
Bus Buffer is enabled for communication with the
Measurement Processor. This control logic is
necessary since both buffers cannot be active at the
same time. Bus 1 (U2514) is the eight-bit data com-
munication bus, and Bus 0 (U2515) uses seven bits
to communicate single-bit data to the Measurement
Processor. On the Bus 0 ADO signal line, the
Measurement Processor sends the serial MB DATA
to each of the operating mode Shift Registers and to
SLIC (UB00) and FLIC (U602). Additional arbitration
is provided by U2503C to produce a SLIC RD strobe
when the Measurement Processor wants to read the
status of the Display Controlier.

Table 3-26
Measurement Processor Signals

Signal Name

Signal Function

SYS RESET Master reset for the Processor board.

CLK 8M 8 MHz clock for the Readout and DAC Processors.

ADO-AD7 Multiplexed address/data lines for the Measurement Processor.
A8-A15 Address lines for the Measurement Processor.

A16-A17 Multiplexed address/status lines.

DO-D7 Data lines for Bus 1 (to memory and readout).

ADDR3-ADDRO

Latched addresses to Main board.

RO INTR Indicates the Readout System is busy when asserted.
DAC INTR Indicates the DAC Subsystem is busy when asserted.
MB RETURN Return data from the Main board Shift Register 2.
SW BD DATA Data from the switch board.

AD COMP Output of the A-to-D Converter Comparator, U2306.
MB DATA Bidirectional data line to/from the Main board.

TB CAL Time~base calibration signal to trigger circuit.
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Address Latches

MULTIPLEXED AD BUS ADDRESS LATCH. Since the
ADO through AD7 bits are multiplexed between
address and data information, the addressing infor-
mation needs to be latched to hold it for stable ad-
dressing (demuiltiplexed). The ALE (Address Latch
Enable) signal from the Measurement Processor
(pin 61) goes high when the address bits are stable,
and the bits are latched into U2513. The device is
permanently enabled by the grounded enable pin.

NONMULTIPLEXED ADDRESS BUS ADDRESS
LATCH (U2512). Some of the nonmultipiexed
address bits are also latched to maintain them
between ALE strobes. The latching also prevents
address line problems on the Main board from
locking up the Measurement Processor. From
u2512, latched addresses ADDRO-ADDR3
(A12-A15) are routed to the Display Controller
(U600) for addressing the internal registers in that
device. Those address lines are also applied to U501
(Diagram 4) for additional decoding to load the
Analog Control Shift Registers with the serial data
supplied from the MB DATA signal line. Two address
lines (A16-A17) are latched in U2512 for use by the
System ROM U2519.

Measurement Processor ROM

The operating code for the Measurement Processor
is stored in the System ROM (U2519). Immediately
after the Power On Reset ends, the Measurement
Processor fetches the first command from the reset
vector and begins running the program.

Measurement Processor RAM

The Measurement Processor RAM (U2521) provides
storage space for intermediate-step calculation
results, the front-panel settings, store/recall system
setups, and the system calibration constants. The
Processor RAM is battery backed up so that data
stored during operation remains intact during
periods of power off. When the instrument is turned
on again, the stored front panel settings return the
oscilloscope to the same operating state that was
present at power off. The stored calibration con-
stants preserve the accuracy of the measurement
system (assuming the instrument is warmed up and
was warmed up when the SELF CAL routine was last
done). If the backup battery is dead, or if the stored
calibration constants are lost for some other reason,
the instrument will do a SELF CAL at power on. This
restores accuracy to the instrument (unless the
problem is a RAM fault, in which case the instrument
cannot SELF CAL), but the battery circuitry should
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be checked and the battery replaced if necessary.
Also, the SELF CAL routine should be run again after
the instrument is warmed up to generate accurate
calibration constants at the operating temperature. If
the power-off front panel settings are lost for any
reason, the power-on conditions that are set up are
only restored in valid states (but not any predefined
setup).

Address Decoder

The Address Decoders (U2517 and U2518) allow the
Measurement Processor to enable any device on the
busses for communication. Enabling signals
BUSO SEL and DAC SEL from the processor select
the Address Decoder (either U2517 or U2518) that is
actively decoding when the WR signal is low.

Backup Battery

To keep the data stored in the Measurement
Processor RAM (U2521) during power off, a back-up
battery system (BT2501, CR2502, and R2506) is
used. The battery supplies the energy to maintain
the memory states of the static RAM. The lithium
battery is not rechargeable and has an operating life
of over three years. When the instrument is on,
CR2502 becomes reverse biased to prevent any
reverse current; when off, CR2501 is reverse biased
to isolate the back-up battery from the +5 V supply.
if the battery requires replacement, observe the
proper safety precautions in the handling and dis-
position of the replaced battery (see the WARNING
under “Battery” in the Specification).

READOUT SYSTEM (Diagram 9)

Readout Processor

The Readout Processor (U2400) is an eight-bit
microcomputer, containing its own internal ROM and
RAM. The Readout Processor controls the display of
text and cursors on the crt. It refreshes each
character in the display every 16 ms. When the
refresh rate becomes too high, refresh stops until
the rate is low enough again. When the refresh rate
becomes too low, refresh is done by taking control
of the crt beam for a character at a time (Fast
mode), until the refresh catches up. When the
refresh rate is just right, refresh is done a dot at a
time (Slow mode).

Each refreshed dot or character is refreshed with

the appropriate display position attributes. The
attributes define the characters or dots as:
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Stationary text that stays put at a fixed point
on screen (examples are scale factor and
menu displays);

Cursor-level offset text whose position is
determined by the REF CURSOR or DELTA
CURSOR contro! levels only (examples are
the time-measurement cursors); or

Cursor-level and position-level offset text
whose display position is determined by both
the cursor levels and the vertical position
controls (an example is the TRACK TRIG
LEVEL cursor).

The Readout Processor also communicates
with the Measurement Processor system to
obtain its RAM programming (for de-
termining the display types) and report its
status.

Measurement/Readout Processor Communication
Protocol

A data byte is transmitted between the Measure-
ment Processor and Readout Processor as follows:

1. The Measurement Processor waits until

RO INTR is unasserted (the Readout
Processor is ready to receive).

2. The Measurement Processor writes a byte to
tri-state Write Latch U2401 by strobing
RO BUF WR; this asserts RO INTR (from
Interrupt Latch U2417C and D) and causes an
interrupt to the Readout Processor.

3. The Readout Processor, when interrupted,
reads the Write Latch (U2401); it then
unasserts RO INTR by clocking the Interrupt
Latch to reset it. (This is the same clock used
when the Readout Processor writes to tri-
state Read Latch U2402.)

Communication from the Readout Processor to the
Measurement Processor is done for diagnostics only
and can be started only by the Measurement
Processor. The Measurement Processor may check
the communication link by comparing bytes sent to
bytes received, query the Character Code RAM con-
tents, and check the Character ROM identification
header. The replies are all sent between the
Readout Processor and Measurement Processor a
byte at a time as follows.

1. The Readout Processor waits until RO INTR is
asserted (the Measurement Processor is
ready to receive).
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2. The Readout Processor writes a byte to tri-
state latch U2402; the clock that does the

write also unasserts RO INTR.

3. The Measurement Processor waits until
RO INTR is unasserted, then reads tri-state
latch U2402. It then strobes RO BUF WR to

assert RO INTR (if another byte is coming
from the Measurement Processor).

Display Refreshing

READOUT FIELD. A Readout field is refreshed in this
way:

1. The display field is selected by latching the
top address bits for the field into U2411
(FLD2-FLDO}.

2. The mixing attributes for the field are latched
into U2411 (MIX3-MIX0).

3. The position~tracking attributes for the field
are latched into U2403 (CH 4 POS EN through
CH 1 POS EN and RO TRACE SEP ENj).

4. The starting address for the field (set by
communication with the Measurement
Processor) is latched into counters U2404
and U2405 (CH7-CHO).

5. One character at a time, all the characters in
the field are refreshed until the top address
for the field (set by communication with the
Measurement Processor) has been
refreshed.

READOUT CHARACTER. A Readout character is
refreshed in this way:

1. RO RUN is asserted. This tells the Dot
Refresher PAL (U2410) to begin the charac-
ter refresh and releases the reset on the Dot
Counter (U2407) and the Dot Refresher
divider (U2409B).

2. For each dot in the character, the next dot is
refreshed.

3. When the final dot is refreshed, EOCH (end-
of-character at U2408 pin 17) becomes
asserted, and Q EOCH (the latched version)
becomes asserted. The Readout Processor
unasserts RO RUN, and increments the char-
acter address counter lines CH7-CHO.

READOUT DOT. A Readout dot is refreshed in this
way:



1. RO REQ is unasserted (this causes RO HORIZ
and RO VERT to control the crt horizontal and
vertical) briefly to show the dot.

2. RO BLANK is unasserted then asserted (this
unblanks then blanks the crt beam).

3. DOT CLK is asserted and unasserted (this in-
crements the dot counter lines DOT4-DOTO).

FAST REFRESH. Fast refresh occurs when the
Processor asserts FAST (whenever the refresh rate
is too low) or when A GATE is unasserted (the
sweep is in holdoff). In this mode, RO REQ is
asserted at the start of a character, and unasserted
at the end. Whenever RO REQ is asserted, the
Readout system controls the crt beam intensity and
the vertical and horizontal position of the beam.
Dots are refreshed every 1.6 us during fast refresh.

SLOW REFRESH. Slow refresh occurs when the
Processor unasserts FAST (when the refresh rate is
not falling behind in refreshing the readout) and
A GATE is asserted. In this mode, RO REQ is
asserted before each dot in a character, and
unasserted after each dot.

Data flow for the dots in a character is roughly this:

1. FLD2-FLDO give the current field being
refreshed.

2. CH7-CHO give the position of the character
within that field. CH7-CH5 gives the row
within the Readout (row O at the bottom, and
7 at the top), and CH4-CHO gives the column
(column 0 at the left, column 1f hex at the
right).

3. Given the field and character position, the
RAM (U2406) outputs the character code
(the code for the character that is to be dis-
played at that position) on R7-R0.

4. DOT4-DOTO gives the dot that is being re-
freshed within the character.

5. Given the character code and dot number,
ROM U2408 outputs the position of the dot
within the character. There are up to 31 dots
in a character, in an array of 128 possible dot
positions (16 vertical by 8 horizontal).
DD6-DD3 gives the vertical position of the
dot, and DD2-DD0 gives the horizontal
position.

6. Given the row and column containing the
character, and the vertical and horizontal
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position of the dot, U2412 generates the
vertical analog current for the dot, and U2413
the horizontal analog current. '

7. U2414 sets up the mixing for the vertical out-
put signal (see Readout Position Mixer).

8. U2415 sets up the mixing for the horizontal
output signal.

Interrupt Request Latch

When the Measurement Processor wants to write
new display data to the Readout Processor or
Character Codes RAM (U2406), it latches the new
data into the Readout Write Latch (U2401) from the

D0-D7 bus lines by issuing the RO BUF WR (readout
buffer write) strobe to the Interrupt Request Latch
(U2417). The output of U2417D (pin 11) is latched
low and the Readout Processor is interrupted from
its display processes (RO INTR goes low). The
Readout Processor enables the Readout Write Latch
and reads in the new data. When the character is
received, the Readout Processor transfers the byte
to the Character Code RAM and resets the Interrupt

Request Latch (U2417D) to let RO INTR go high
again.

Communication Latches

Communication from the Measurement Processor
and the Readout Processor is done via the Readout
Write Latch (U2401). The Readout Read Latch
(U2402) is used only for diagnostics communication.

Character Position Address Counter

The starting address of a readout field to be
displayed is loaded into the Character Position
Address Counter (U2404 and U2405). The counter
then sequences through the addresses of the
characters loaded in Character Code RAM U2406.
The vertical and horizontal position of the character
being displayed is also defined by the output of the
counter and is supplied to the Vertical and Horizontal
DACS on the CHO-CH7 bus lines.

Character Codes RAM

The ASCIl codes needed to display a field of readout
are loaded into the Character Codes RAM (U2406)
from the Measurement Processor via the Readout
Writer Buffer (U2401) on the RO-R7 bus lines. When
the field is displayed, the RAM is addressed in
sequence by the Character Position Address
Counter to output those codes for a display refresh.
The field of codes accessed by the FLDO-FLD2
address lines defines either text (menus, measure-
ment readouts, and error messages), vertical
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cursors, or horizontal cursors. Each field has space
for up to 255 characters, and each field is superim-
posed over the others on the crt. The difference
between vertical and horizontal orientation of the
cursors types is done by rotating the character field
90 degrees. Hexadecimal addresses for a field are
shown in Figure 3-8.

e0 * ff

c0 & df
7

a0 w bf
ac
Q

80 9f
o

60 Z 7f
w
<

40 W 5f
g

00 l—INCREASING ADDRESSES—®» 1f

6081-10
Figure 3-8. Display addresses.

Character Dot Counter

The Character Dot Counter (U2407A and B) is reset
before the start of each character display. When
RO RUN goes low (the start of a refresh cycle), the
reset is released and the clock signal from the Dot
Refresher (U2410) clocks the output of the counter
through the number of counts needed to address all
the dots in a character stored in the Character Dot
Position ROM (U2408).

Character Dot Position ROM

The dot sequence and dot position to display each
character is stored in the Character Dot Position
ROM (U2408). Character addressing for the display
is provided by the Character Codes RAM (U2406) on
the RO-R6 bus lines. Addressing of the individual
dots within a character is provided from the Charac-
ter Dot Counter (U2407A and U2407B) on the
DOTO0-DOT4 signal lines. The pixel information out-
put by the Character Dot Position ROM defines the
vertical and horizontal position of the dot to be dis-
played. At the end of a character display, the EOCH
signal is generated from U2408 pin 17 to the Dot
Refresher (U2410) to let that device know that the
character is finished and the next character can be
started.
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Dot Refresher

Dot Refresher U2410 is a programmable-AND,
fixed-OR logic (PAL) device. It monitors RO RUN for
its low states to determine when a refresh cycle
starts. It then assert RO REQ to take control of the
display for refreshing the displayed character dots.
RO BLANK goes high then low again for each dis-
played dot. The clock signal then goes low and high
again to clock the Character Dot Counter (U2407A
and U2407B) to the address of the next dot in the
character being refreshed. In Fast mode (when
there is low demand for display time or the refresh
rate is getting too slow), each character is com-
pletely refreshed. In Slow mode, the dots are re-
freshed at the rate of only one dot per each readout
request.

When all the dots in a character have been re-
freshed, the EOCH (end-of-character) signal from
Character Dot Position ROM U2408 tells U2410 that
there are no more pixels to be refreshed in that
character. RO REQ is then unasserted to release
control of the display system and Q EOCH (U2410,
pin 18) is sent to the Readout Processor to tell it that
the Dot Refresher is finished with the character.

The Dot Refresher also asserts the POS EN signal
low (pin 19) when readout associated with any of the
traces is being displayed. That signal enables the
Readout Position Enable Latch (U2403).

Divider/Counter

The 8 MHz System Clock is divided down to 4 MHz
by Divider/Counter U2408A for clocking the Readout
Processor and to 2 MHz to clock the Dot Refresher
(after inversion by U2417B). The 2 MHz signal also
clocks U2409B, a second divider that produces the
signals that cycle the Dot Refresher through its
internal states.

Readout Position Enable Latch

When the readouts must follow the Channel Vertical
POSITION controls or the TRACE SEP control, the
vertical position information must be added to the
readout position. This job is done in the Vertical
Position Switching circuitry (Diagram 2). The time of
enabling and the readout position that is enabled is
determined by the Readout Processor. The correct
enabling data for the next field of characters to be
displayed is latched into U2403 from the RO-R7 (bits
0-4 only) bus by the POS STB signal (U2403, pin
11). See Table 3-27. When a field is being re-
freshed, the outputs of U2403 are enabled by the
POS EN signal from the Dot Refresher, U2410
pin 19.



Table 3-27
Position Enable Bit Assignment

b4 b3 b2 b1 bo Value

X X X x 0 Disable CH 1 position
current

X X X x 1 Enable CH 1 position
current

X X X 0 x Disable CH 2 position
current

X X X 1 b Enable CH 2 position
current

x x 0 X X Disable CH 3 position
current

X X 1 X X Enable CH 3 position
current

x 0 X X X Disable CH 4 position
current

x 1 X X X Enable CH 4 position
current

0 x X X X Disable Trace Sep
current

1 X X X X Enable Trace Sep
current

Readout DACs

Vertical Character and Dot position data bytes are
converted to analog current for eventual application
to the Vertical Delay Line by Vertical Readout DAC
U2412. The vertical signal current is applied to both
signal mixer multiplexers (U2414 and U2415). When
fixed position text is displayed, the output mixer
selects a fixed position value to mix with the hori-
zontal output signal to define the readout position on
the display. When positionable text is displayed
(such as time cursors), the cursor position signal is
mixed with the horizontal output signal. That
summed signal then defines (vertically) where a
character (dot) is displayed on the crt. Vertical
Readouts that follow the Channel Vertical POSITION
controls (tracking cursors and associated text) have
their position information summed with the Vertical
Position Switching circuitry (Diagram 2) just before
the Delay Line Driver.

Horizontal Character and Dot position data bytes are
converted to analog current for application to the
Horizontal Preamplifier (U802, Diagram 6) by Hori-
zontal Readout DAC U2413. The horizontal signal
current is applied to both signal mixer multiplexers
(U2414 and U2415). When fixed position text is dis-
played, the output mixer selects a fixed position
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value to mix with the horizontal output signal to
define the readout position on the display. When
positionable text is displayed (such as time cursors},
the cursor position signal is mixed with the horizontal
character position signal. That summed signal then
defines (horizontally) where a character dot is
displayed on the crt. None of the readout (text or
cursors) is positionable using the Horizontal
POSITION control.

Field and Mixer Control Latch

Selection signals for switching the Readout Position
Mixer multiplexers (U2414 and U2415) are latched
into Field and Mixer Control Latch U2411 by the MIX
STB output from the Readout Processor (U2400 pin
25). Three field selection bits used in addressing the
Character Code RAM are also loaded from the data
byte output from U2400 on the RO-R7 data bus. The
MIX3-MIX0 bits select the combination of fixed,
positionable, and character (dots) signals that are
mixed to produce the required readout positions on
the crt.

The Field signals (FLDO, FLD1, and FLD2) access
the type of characters that are displayed (menus
and readout labels, vertical cursors, or horizontal
cursors). Each of the three fields contains space for
255 characters. Characters from each field are
superimposable over the other field’s characters in
the display. The attributes implicitly affect the field
specified by b0, b1, and b2 (b2 is always handled as
if zero, even if not communicated as zero).

Readout Position Mixers

The Readout Position Mixer (U2414, U2415) selects
either fixed or cursor-position voltages to mix with
the character signals to position them in the display.
Selection is done with the MIX0-MIX3 signal levels
set by the Measurement Processor for the particular
field of characters being displayed (see
Table 3-28).

The 2246A Readout Output Mixer allows three modes
of display to present the text and vertical or hori-
zontal cursors.

TEXT OUTPUT MODE. The vertical output displays
vertical text information, locked to crt vertical screen
position. The horizontal output displays horizontal
text information, locked to crt horizontal screen po-
sition.

HORIZONTAL CURSOR MODE. The vertical output
displays vertical text information, whose position is
controlled by an analog cursor level control. The
horizontal output displays horizontal text information,
locked to crt horizontal screen position.
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Table 3-28

Field and Mixer Attribute Bit Assignment

MIX3 MIX2 MIX1 MIX0O NC FLD2 FLD1 FLDO Value
X X X X X b2 b1 b0 Field number (0,1, or 2)
X X 0 0 X X X X Route Horiz DAC to Horiz Ampl
X X 0 1 X X X X Route Cursor0 to Horiz Amplifier
X X 1 0 X X X X Route Cursori to Horiz Amplifier
X X 1 1 X X X X Unassigned
0 0 X X X X X X Route Vert DAC to Vert Ampl
0 1 X X X X X X Route Vert DAC + Cursor0 to Vert Amplifier
1 0 X X X X X X Route Vert DAC + Cursor1 to Vert Amplifier
1 0 X X X X X X Route Horiz DAC to Vert Ampl

VERTICAL CURSOR MODE. The vertical output pro-
vides a ramp signal, locked to crt vertical screen
position. The horizontal output matches the voltage
of an analog cursor level control.

MIXER OPERATION. The readout system displays
text in a pixel-type representation. For example, an
underlined letter ‘‘A’’ may be represented as in
Figure 3-9. Blackened spaces in the illustration
denote a displayed pixel.

For each character, one pixel at a time is displayed
by driving the vertical and horizontal outputs to
values representing the vertical and horizontal posi-
tion of a pixel within the character and then unblank-
ing the Z-Axis.

Muitiplexers U2414 and U2415 are ganged electronic
switches that mix current and voltage settings. Verti-
cal Readout DAC U2412 (vertical text generator)
provides an output current from pin 2 that is pro-
portionate to the vertical position of the pixel being
displayed; the minimum output is 0 mA. Horizontal
Readout DAC U2413 (horizontal text generator) pro-
vides an output current that is proportionate to the
horizontal position of the pixel being displayed. Its
minimum output is also 0 mA. The REF CURSOR and
DELTA CURSOR levels are voltages that offset the
text output for the type of cursor being displayed
(vertical TIME cursors or horizontal VOLTS cursors).
When straight text is to be displayed, dc levels for
offsetting the vertical and horizontal text display
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outputs are added. Horizontal and vertical signals to
be mixed for a particular readout are selected by the
MIX0-3 outputs of latch U2411. The data is latched

from the Readout Processor bus when MIX STB
clock is generated by the Readout Processor.

Output Buffers

The Output Buffers (U2416A and U2416D—vertical,
and U2416B and U2416C—horizontal) are voltage
follower circuits that mix the signals selected by the
Readout Position Multiplexers and buffer them for
application to the vertical delay line (RO VERT) and
the Horizontal Preampilifier (RO HORIZ).

L]
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Figure 3-9. Character pixel arrangement.



The voltage at U2416 pin 14 depends on two things:
the current from U2414 pin 13, and the voltage at
U2414 pin 3. The possible displays are given in Table
3-29.

The voltage at U2416 pin 8 depends on two things:
the current from U2415 pin 13, and the voltage at
U2415 pin 3. The possible conditions are shown is
Table 3-30.

SWITCH BOARD AND INTERFACE
(Diagram 10)

The front-panel LEDs that backlight the switches and
panel labels are schematically arranged in a matrix
of eight rows and six columns. The front-panel
switches are arranged in a matrix of 16 rows and six
columns. Each LED and switch is connected to a
distinct row/column intersection, with a column of
LEDs and a column of switches being common and
enabled by the same signal.

Theory of Operation—2246A Service

At intervals of about 2 ms, a column of LEDs is
refreshed (turned on or off) and the status (open or
closed) of the connected column of switches is
read. All six columns of LEDs and the six columns of
switches are completely refreshed and checked
every 12 ms. The timing is fast enough to prevent
flicker of the LEDs and to catch a push button
closure.

LED Refresh

Assume LED column ASOQ is being refreshed. First,
the LED Cathode Register, U2524, is loaded with a
data byte from the Measurement Processor. That
byte defines the LEDs that are on for that column,
and the outputs of Cathode Driver U2525 for the
“on” LEDs are low. Then, a high on the DO bit of the
Measurement Processor Data Bus is latched into
LED Anode Register U2523 with the LED ANODE CLK
signal. That high turns on the associated Darlington
transistor (Q2506 for the ASO column), and the
LEDs in that column that also have their cathodes
low from U2525 are turned on.

Table 3-29
Display Possibilities
Readout Type u2414-3 U2414-13
Stationary Text 0.6 V U2412 output
Horizontal Ref Cursor REF CURSOR U2412 output
Horizontal Delta Cursor DELTA CURSOR U2412 output
Vertical Ref Cursor 0.6V U2413 output
Vertical Delta Cursor 0.6 V U2413 output
Table 3-30
Possible Signal Conditions to U2416
Readout Type U2415-3 U2415-13
Stationary Text 20V U2413 output
Horizontal Ref Cursor 20V U2413 output
Horizontal Delta Cursor 20V U2413 output
Vertical Ref Cursor REF CURSOR 0 mA
Vertical Delta Cursor DELTA CURSOR 0 mA
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Switch Reading

At the same time the ASO LED column is refreshed,
the connected ASO switch column is pulled high
through CR2006. The switch status (low for open or
high for closed) for the active switch column is
paralle! loaded into the Switch Board Shift Registers
(U2001 and U2002). This switch status data is then
shifted out serially (by 15 SW BD SR SHIFT clocks)
to the Measurement Processor on the SW BD DATA
return line. The position of a high in the serial data
stream, and knowing the active column, tells the
Measurement Processor the switch in column ASO
that is closed (the CH 1 VOLTS/DIV setting).
Columns with push-button switches may or may not
have a switch closed. A switch closure is interpreted
by the Measurement Processor, and any new op-
erating conditions needed (determined from the
firmware routines called up to handle a particular
switch closure) are set up.

At the next 2 ms interrupt, the Measurement
Processor loads new data into Cathode Register
U2524 to enable the LED rows, and the column is
advanced to enable the AO1 column for refresh and
switch reading. The process described is continual
while the oscilloscope is on.

Part of the Measurement Processor routine stores
the new front panel settings in the System RAM each
time a change is made. At power on (after being
turned off), the stored front-panel settings are
recalled from the Systemm RAM to return the
oscilloscope to the same operating state that existed
at power off (with some exceptions).

Diagnostic

When the Measurement Processor is running the
register checks during the DIAGNOSTIC, it can
check the condition of registers U2001 and U2002.
Serial data is placed on the ASO line from the DO bit
of the Measurement Processor data bus. That data
is serially shifted through the two registers to the SW
BD DATA return line. The Measurement Processor
compares the returned data stream with what was
sent. A difference in the data bits shows an error; a
correct comparison passes the test.

ADC AND DAC SYSTEM (Diagram 11)

The ADC and DAC System permits the Measurement
Processor to provide analog control voltages to the
circuitry under its control and to find out certain
analog voltage levels that it must have to do its con-
trol and measurement functions.
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Pot Multiplexer Latch

Latch U2313 latches data from the data bus (D0-D7)
to control multiplexers U2308 and U2309 on this
diagram and U506 on Diagram 7.

Front-Panel Control Multiplexers

Multiplexers U2308 and U2309, controlled by the
Measurement Processor via Pot Mux Latch U2313,
select the front-panel control levels that are com-
pared with the output of the D-to—-A Converter
(U2302). The result of that comparison is sent via
signal line AD COMP to the Measurement Processor
(U2501, Diagram 8).

Input Data Latches

Binary data bytes to be converted to analog voltages
are loaded into two latches (U2300 and U2301).
Data Latch U2301 latches data to the DAC Multi-
plexer (U2303). Data Latch U2300 latches data to
D-to-A Converter (U2302).

Digital-to-Analog Converter

The D-to-A Converter (U2302) using eight data bits
can produce 256 discrete output signal current
levels from 0 to 2 mA. Signal current flows through
R2303 to the +2.5 V reference voltage. The resulting
voltage drop across the resistor moves the voltage
at pin 3 of voltage follower U2314 away from +2.5 V
toward 0 V and below. When there is 0 mA output,
the voltage at pin 12 is +2.5 V. At maximum output
current, the volitage at pin 12 is -2.5 V.

A-TO-D CONVERSION. The output from U2304D is
aiso applied to comparator U2306. When analog-to-
digital conversion is being done, the Measurement
Processor drives the DAC to produce comparison
voltage levels in a binary search pattern. The output
of U2306 is monitored to determine the smallest
DAC input change that will produce an output
change from the comparator. That value is then
used as the digital representation of the analog
voltage applied to the other pin of the comparator
from the output of Multiplexer U2308 or U2309.
Signals on that muiltiplexed line are the front panel
potentiometers wiper voltages and the probe code
levels.

DAC SYSTEM (Diagram 12)

Dac Refresh Processor

The Dac Processor (U2601) is an eight-bit micro-
computer containing its own internal memory. The
job of this processor is to refresh the D-to-A Con-
verter (U2602) with the front—panel control levels
that have been loaded into the Dac Processor
memory from the Measurement Processor.



Binary values for the front-panel control settings
from the Measurement Processor are loaded via

DACO-DAC7 into the Dac Refresh Processor

(U2601) memory. Whenever the Measurement
Processor has determined that a control value has
changed, it updates the Dac Processor memory with
the new value. The Dac Processor continuously
sends the front-control binary values to the Digital-
to-Analog converter (U2602) and multiplexes the
resulting analog signals to the individual control
circuits.

Digital-to-Analog Converter

The D-to-A Converter (U2602) has 12-bit resolution
that can produce 4096 discrete output signal current
levels from 0 to 2 mA. Signal current flows through
R2603 to the +2.5 V reference voltage. The resulting
voltage drop across the resistor moves the voltage
at pin 5 of voltage follower U2609B away from +2.5 V
toward O V and below. When there is 1 mA output,
the voltage at pin 5 is +2.5 V At maximum output
current, the voltage at pin 5 is -2.5 V. Voltage
Follower U2609B buffers the voltage and applies it to
the control circuit selected by the Measurement
Processor.

Control Multiplexers

Analog voltage levels from the D-to-A Converter
U2602 are multiplexed to the individual front-panel
control circuits. Three multiplexers, U2604 and
U2605 on this diagram and U2303 on Diagram 11
handle all of the potentiometer controlled circuits in
the instrument (except FOCUS and SCALE ILLUM
which are not digitized).

Sample-and-Hold Circuits

The analog voltages from multiplexer U2303 remain
stable only for the short period of time that the DAC
is at a fixed output level. Control voltages to the
analog circuitry must remain constant except for
changes to the control settings. Those control
voltages are held constant between refreshes by
sample-and-hold circuits formed by a capacitor (to
hold the voltage) and a voltage follower (to buffer
the voltage held by capacitor). The voltage follower
circuits are provided by the operational amplifiers of
U2304 and U2305. Extra noise filtering for two of the
control voltages (REF DELAY and DELTA DELAY) is
provided by using an RC pi-type filter input circuit to
the voltage follower.
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The analog voltages from multiplexer U2604 and
U2605 remain stable only for the short period of time
that the DAC is at a fixed output level. Control
voltages to the analog circuitry must remain
constant except for changes to the control settings.
Those control voltages are held constant between
refreshes by sample-and-hold circuits formed by a
capacitor (to hold the voltage) and a voltage
follower (to buffer the voltage held by capacitor).
The voltage followers circuits are provided by the
operational amplifiers of U2606, U2607, and U2608.

POWER SUPPLY (Diagram 13)

The Power Supply (Diagram 13) provides the various
low-voltages needed to operate the 2246A and the
high-voltage required by the cathode-ray tube (crt).
The supply circuitry is arranged in the following
functional blocks: AC Input, Primary Power Rectifier,
Start-Up circuit, Preregulator Control circuit,
Preregulator Power Switching circuit, Inverter Control
circuit, Inverter Power Switching circuit, Low-
Voltage Secondary Supplies, and High-Voltage
Supply (see Figure 3-10).

Ac power via the power cord is rectified and filtered
by the Primary Power Rectifier to supply the dc
voltage to Preregulator circuitry. The output voltage
level from the Primary Power Rectifier depends on
the ac supply voltage level and may vary between
about 125 V and 350 V. This unregulated, filtered,
dc voltage is supplied to the Preregulator Start-Up
circuit and the Preregulator Switching circuit. The
Preregulator Power Switching circuit supplies
+44 Vdc output power to drive the Inverter Power
Switching circuit.

The +44 V Preregulator output voltage is switched by
the Inverter Power Switching circuit to produce an
alternating current through the primary of the
Inverter power transformer. The current source to
the Inverter switching transistors is monitored and
regulated by the Inverter Control circuit to maintain a
constant output voltage leve! across the transformer
secondaries.

The Low-Voltage Secondary Supplies rectify and fil-
ter the low-voltage secondary ac voltages to provide
the dc power requirements for the instrument. Two
other secondary windings on the Inverter Power
Transformer are used in the High-Voltage Supply, a
high-voltage winding and a crt filament winding.
Voltage from the high-voltage winding is further
multiplied and converted to dc voltage for the crt
anode, cathode, and intensity—grid voltages.
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Figure 3-10. Power Supply block diagram.



Both overvoltage and overcurrent protection are
provided to protect the oscilloscope circuitry from
further damage if a circuit component fails.

Ac Input

Applied source voltage is input to the Primary Power
Rectifier via surge protection circuitry and noise fil-
tering circuitry. A sealed line filter (FL2201), L2207,
L2208, C2214, C2213, C2216, C2215, R2260,
R2227, and R2228 form a low-pass filter designed to
prevent transmission of high-frequency noise sig-
nals either into or out of the instrument. Bleeder
resistor R2215 across the input line filter drains off
any charge retained by the capacitors in the input
circuitry when the power is disconnected. Ther-
mistor RT2201 prevents a sudden rush of input
current into the rectifier and filter capacitor, C2202,
when the power switch is turned on. The thermistor
presents a relatively high resistance when cold, then
quickly reduces to a low value when warmed up.
Varistor VR2204 acts as a surge limiter to reduce the
effects of any power line surges that may damage
the input circuit components. The varistor is a
voltage-sensitive device that quickly reduces its
resistance value when its voltage limits are
exceeded. Line fuse F2201 protects the instrument
from additional damage in case of of a severe short
in the power supply.

Primary Power Rectifier

Rectification of the input ac source voltage is done
by bridge rectifier CR2233. Simple capacitive fil-
tering of the rectifier output is done by C2202. The
fitered output voltage may range between about
80 Vdc and 400 Vdc, depending on the amplitude of
the ac input voltage. A line trigger signal is picked
off by T2206 for use when the Trigger SOURCE is set
to LINE. Bleeder resistor R2256 drains off the charge
on C2202 when the instrument is turned off.

Start-Up Circuit

The Start-Up circuit provides the operating supply
voltage to the Preregulator. At power on, C2204 in
the Start-Up circuit begins charging through R2203
and R2204 from the output of the Primary Power
Rectifier. When the voltage across C2204 reached
20 V, the voltage at the base of Q2204 is about
6.8 V. This base voltage level causes Q2204 to con-
duct (there is a 6.2 V zener diode in the emitter
path), and Q2211 also is then biased on. Positive
feedback to the base of Q2204 (from the collector of
Q2211 through R2220) then keeps both transistors
on. The dc voltage to U2201 (Vcc) for start up (and
continued running after start up) is provided by the
charge on C2204 via Q2211,
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With U2201 on and drawing current from C2204, the
voltage across C2204 begins to fall. If the
Preregulator output rises to +44 V before the voltage
across C2204 falls to 10 V, then CR2202 becomes
forward biased, and current pulses are supplied by a
winding (pins 8 and 9) on T2203 to keep C2204
charged (and U2201 operating).

If the Preregulator output does not rise to +44 V
within the time it takes to discharge C2204 below
10 V (about 1/10 of a second), the voltage at the
base of Q2204 will drop too low for the feedback
voltage to keep it on. That will cause Q2211 to also
shut off. The start-up cycle repeats when the
voltage across C2204 again reaches 20 V (re-
charging from the output of the Primary Power Recti-
fier output via R2203 and R2204). Continued failure
of the Preregulator to start up and the repeated
attempts to do so is called the “Chirp” mode. Zener
diode VR2206 prevents the voltage across C2204
from exceeding about 30 V if no start-up attempt
occurs.

Preregulator Control Circuit

The Preregulator Control IC, U2201, is a pulse-width
modulator used to control the on time of
Preregulator Switching FET Q2201. It contains an
oscillator, comparators, voltage and current error
amplifiers, and logic circuitry that controls its
operation. The modulated output puises drive
switching transistor Q2201 through a buffer amplifier
composed of Q2202 and Q2203. Pulse width (the
time that FET Q2201 is on) is inversely proportional
to the control voltage at pin 3 of U2201 (i.e., a lower
voltage at pin 3 makes the pulse width wider to keep
Q2201 on longer.

‘Pin 7 of U2201 is the IC ground reference, and it is

tied directly to the +44 V output voltage. Therefore,
the Preregulator IC and the Start-Up circuitry op-
erating potentials “float” on the regulated output
voltage (developed across C2203).

Pin 2 of U2201 is the current-summing node to the
voltage-error amplifier. The error amplifier will try to
keep the voltage on pin 2 equal to the voltage on pin
1 (the +44 V supply voltage). The error amplifier
maintains pin 2 at +44 V by raising (or lowering as
necessary) the voltage at pin 3. This raises (or
lowers) the voltage across C2203 so that less (or
more) current will be drawn out of the current
summing node.

The major current injected into the summing node is
from the regulated 5 V output, from pin 12 of U2201,
via R2212. That current is about 0.6 mA. The current
through R2206 adds to the current shunted by the
Preregulator Output Voltage Control transistor,
Q2208, to produce about 0.6 mA to keep the current
into and out of the summing node balanced. The
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actual current through R2206 is the output voltage
(+44 V across C2203) divided by the resistance
value of R2206 (100 kQ) or about 0.4 mA.

SOFT START. At the initial turn-on of the instru-
ment, C2203 is discharged. If no action were taken
to prevent it, the initial charging current to that
capacitor would exceed safe limits. To avoid such a
problem, a “soft start” of the charging path is done.

At turn-on, the +5 V output of U2201 steps to +5 V
immediately. A +5 V pulse is coupled to pin 4 of
U2201 via C2207. This pin is the “dead time control”
input, and when it is high, the dead time between
switching pulses to Q2201 is increased to 100%.
Switching transistor Q2201 does not turn on, and no
charging of C2203 occurs. Then, as C2207 charges,
the voltage on pin 4 begins to decrease toward the
ground reference value (on pin 7). This decreases
the dead time, allowing increasingly wider conduc-
tion pulses to occur.

The on-time gradually increases until the charging
current is limited by the internal current limit ampli-
fier of U2201. At that point, the Preregulator is act-
ing as a current source. When the voltage across
C2203 reaches +44 V, the voltage error amplifier
starts to limit the output, and the Preregulator has
reached its operating level and acts as a voltage
source.

CURRENT LIMIT. The output current of the
Preregulator switching FET, Q2201, is limited to a
safe value. If the current exceeds 2.4 amperes, the
voltage dropped across R2201 causes pin 14 of
U2201 (one input of the current limit amplifier) to
exceed the voltage on pin 13 of U2201 (the other
input pin of the current limit amplifier). The output of
the current limit amplifier then goes high, raising the
voltage on pin 3 of U2201. Increased voltage on pin
3 narrows the width of the turn-on pulses to
switching FET Q2201 and limits the output current,

Usually, with a circuit failure, the excess loading
remains, and the pulses remain narrow. The
Preregulator Control IC then shuts down because
the charge on C2204 is not maintained via the
Preregulator supply winding on T2203, and the
Preregulator goes into the chirp mode (continual
shut down and restart attempts).

OVERVOLTAGE CROWBAR. |f the output voltage
across C2203 exceeds about +51 V, VR2201 in the
crowbar circuit conducts. The gate of SCR Q2206
then rises; and, if the rise is enough, the SCR
latches on. When on, Q2206 shorts out C2203, and
the current limit circuit causes the switching pulses
to Q2201 to become very narrow. Preregulator IC
U2201 then shuts down (as described in the Current
Limit discussion). The Preregulator will attempt a
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restart after about half a second, but will shut down
again if the overvoltage condition continues (this is
the “chirp” mode).

PREREGULATOR OUTPUT CONTROL. The voltage
across the Inverter current source transistor, FET
Q2214, is monitored by Q2208 (from the collector
voltage of either Q2209 or Q2210). That voltage has
to be maintained at the proper level to provide
enough regulation room for the secondary supply
voltages and still not dissipate more power than nec-
essary in Q2214. If the voltage across Q2214 is too
high, Q2209 is biased on harder and draws more
current from the input summing node (pin 2 of
U2201) of the voltage error amplifier in U2201, the
Preregulator Control IC. The output of the error am-
plifier at pin 3 of U2201 then rises, and the width of
the switching pulse to the Preregulator Switching cir-
cuit narrows to decrease the +44 V output.

The Inverter Control circuit (Q2212 and Q2213)
senses the decreased voltage across the primary of
the Inverter power transformer (T2204) and
responds by driving Q2214, the Inverter current-
source transistor, harder; thereby decreasing the
voltage across it.

Control response time in the feedback loop just de-
scribed is long; but it does not need a fast response
time, since the circuit only determines the power
dissipation in Q2214. Compensation of the circuit to
prevent oscillation is done by a low-pass filter
(10 Hz cutoff) formed by C2238, R2205, and R2246.

Preregulator Switching Circuit

The Preregulator Switching circuit provides the
energy required to keep C2203 charged up to
+44 V. Switching FET Q2201 is driven by the pulse-
width modulated output of the Preregulator IC
(U2201) via a buffer amplifier circuit. The
Preregulator IC controls the on-time to maintain the
voltage across C2203 at +44 V.

For the following discussion of the switching circuit,
assume that Q2201 is off, C2201 is charged to the
rectified line voltage (160 V from the Primary Power
Rectifier), and the +44 V supply is up and driving a
circuit load.

When the Preregulator IC turns on Q2201, the drain
of Q2201 is immediately clamped to 44 V. This
forces 116 V (160 V - 44 V) across pins 6 and 7 of
T2203. Current begins increasing linearly in that coil
as Q2201 supplies current to the +44 V supply. With
the one end of C2201 clamped to +44 V, and C2201
being charged to +160 V, the other end of C2201 is
pushed down with the anode of CR2201 going to
-116 V (44 V - 160 V). This places 116 V (0 -
116 V) across pins 1 and 2 of T2203 and current



begins increasing- linearly in that coil, also flowing
through Q2201 to the +44 V supply. After a time
determined by Preregulator IC U2201, the drive
signal to Q2201 is switched low, and the switching
FET is turned off.

The current flowing in both coils of T2203 must con-
tinue as the magnetic field collapses, but it cannot
flow through Q2201. The only available path is
through CR2201 (previously biased off). The polarity
reversal of the voltage across T2203 that occurs for-
ward biases CR2201, and permits the energy in the
magnetic field to be released to the +44 V supply.

When CR2201 is forward biased its cathode is
clamped to the +44 V supply level. With C2201 still
charged to +160 V (the supply voltage), its positive
end is pushed up to 204 V (44 V + 160 V). Now there
is -44 V (160 V - 204 V) across the coil of T2203
from pin 7 to pin 6 and -44 V (0 - 44 V) from pin 2
to pin 1 (see Figure 3-11). Since C2201 is in parallel
with C2202 for dc voltages (coils are shorts to dc),
the dc voltage across C2201 can change very little.
The capacitance of C2201 is large enough that the
charging and discharging currents do not have
enough time to change the voltage across C2201 in
normal operation.
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Figure 3-11. Preregulator switching waveforms.

The two coils of T2203 need not be coupled mag-
netically for the circuit to operate. Both coils are
wound on the same core for convenience. Trans-
former action is minimal because the waveforms
impressed across both coils are nearly identical.

After a time controlled by the Preregulator IC (the
dead time), the on-time cycle for Q2201 repeats.
On time depends on the line voltage level; a higher
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line voltage level means a shorter on time of Q2201
is needed to maintain +44 V across C2203.

Inverter Power Switching Circuit

The Inverter Power Switching circuit is composed of
switching transistors Q2209 and Q2210, current
source transistor Q2214, inverter power transformer
T2204, base-drive transformer T2205, and associ-
ated components. Current supplied by the +44 volts
output from the Preregulator circuit is alternately
switched through each side of the center-tapped
primary of T2204 to drive the loads on the secondary
windings of the inverter transformer.

INVERTER STARTER. As the Preregulator turns on,
the +44 V supply increases from 0 V. The increasing
voltage forward biases CR2236 and charges C2248
through the base-emitter junctions of Q2209 and
Q2210. Current is drawn through each side of
T2204, from the center tap, as the transistors con-
duct. One of the two transistors will have a slightly
higher gain than the other, and its collector voltage
will decrease more than the other. The voltage dif-
ference across the primary of T2204 also appears
across the primary winding of T2205, and a feed-
back voltage is induced in the secondary winding of
T2204. The polarity of the transformer is such that
the conduction of the higher gain transistor is re-
inforced (positive feedback), and that transistor
quickly saturates while the other is cut off. One end
of the primary of T2204 is driven toward ground
while the other end is opened. After about half a
second, C2248 charges up, CR2236 becomes re-
verse biased, and that path for current through the
conducting transistor is blocked.

If the Inverter Power Switching circuit stops, the In-
verter Starter circuit will not restart it until C2248 is
discharged. Furthermore, C2248 will not discharge
until the +44 V supply falls.

INVERTER POWER SWITCHING. Switching is
started by one or the other of either Q2209 or Q2210
conducting more that the other, and circuit action
biases the other one off. Assume for this discussion
that Q2210 is biased on and Q2214 is off. Current
flows through current-source FET Q2214, on-
transistor Q2210, and half of the primary of T2204
(pins 9 and 11). The voltage drop across current-
source transistor Q2214 holds the emitter voltage of
Q2209 and Q2210 at 3 V. Voltage across pins 9 and
11 is therefore 41 V (44 V - 3 V).

Through autotransformer action, 41 V is induced in
the other half of the primary winding of 72204 from
pin 8 to the center-tap pin. That voltage adds to the
41 V from pins 9 to 11 to produce a potential of 82
volts across the primary of switching transformer
T2205. Current rapidly ramps up through the primary

3-59



Theory of Operation—2246A Service

of T2205 and induces a positive feedback base
current in one-half of its center-tapped secondary
that keeps Q2210 turned on. Current in the other
half of the secondary biases on CR2227 to prevent a
high reverse base-to-emitter voltage from being
developed across Q2209.

After about 25 ps, the current through the primary of
T2205 saturates the magnetic core and the primary
impedance of the transformer drops to a low value.
When saturation occurs, the impedance presented
by L2206 by comparison to that of T2205 is large,
and most of the voltage applied from the secondary
of T2204 is then dropped across L2206. The secon-
dary voltage of T2205 drops to zero, and with no
base-drive current to Q2210, that transistor
switches off.

With both Q2209 and Q2210 off, the magnetic
energy stored in the primary of T2205 and in L2206
causes current to flow in the primary of T2204,
reversing the voltage polarity on this winding. The
voltage reversal is not instantaneous because of the
parasitic capacitance of the T2204 windings. When
the reverse voltage gets high enough, base current
flows to Q2204 and that transistor turns on. The
inverter current flow cycle through T2204 then
repeats but in the opposite direction to induce ac
current in the various secondary windings of the
inverter power transformer.

INVERTER CONTROL LOOP. Whenever either
Q2209 or Q2210 is on, the collector voltage of the
on transistor forward biases either CR2205 (if Q2209
is on) or CR2204 (if Q2210 is on). Capacitor C2219
is then charged to nearly the same voltage that is
applied to the center tap of the primary winding of
Inverter Transformer T2204.

A resistive voltage divider formed by R2239, R2238,
and potentiometer R2252 (+7.5 V ADJUST) applies a
fraction of the voltage across C2219 to the base of
Q2213 (one-half of a differential amplifier formed by
Q2212 and Q2213). The voltage on the base of
Q2213 is compared to a voltage on the base of
Q2212 that is referenced back to the +44 V center
tap voltage of T2204. If the collector voltage of the
conducting inverter switching transistor (Q2009 or
Q2210) is not the correct level (about 3 V), the gate
voltage of current-source FET Q2214 will be raised
or lowered as needed to correct the error.

Low-Voltage Secondary Supplies

The low-voltage power supply circuitry on the pin 12
to pin 22 and pin 13 to pin 15 secondary windings of
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the Inverter power transformer consist of rectifier
and filter components only. All the regulation is done
by the Preregulator and Inverter Control circuitry in
the primary side of the transformer. Both half-wave
and full-wave rectifiers are used, and either simple
capacitor or capacitive—input Pl filter circuits are
used. Rectifier and filter type used for each of the
secondary voltages depends on the load require-
ment. A single 130 Vac output from pin 12 of T2204
supplies the drive to the Z-Axis dc restorer circuitry.
Power for the blower fan is supplied by the -15 V
power supply line.

The center-tapped secondary winding from pins 13
to 15 of T2204 is used for the +6 V and -5 V
supplies. Both are full-wave rectified and filtered
using capacitive-input Pl filters.

High-Voltage Supply

The high-voltage power supply uses two secondary
windings of T2204: one for high-voltage muitiplier
U2230 and the other for the crt filament. Flying leads
from the top of the transformer make the circuit
connections into the high-voltage circuitry. The crt
filament winding consists of a few turns of insulated
wire.

The high-voltage winding attaches directly to the HV
Multiplier. Outputs from HV Multiplier U2230 are the
13.7 kV to the crt anode via a high-voltage-
insulated connecting lead and the -2.7 kV supplied
to the crt cathode, focus grid, and intensity grid.
The -2.7 kV supply is filtered by a two-section
capacitive input RC filter. A neon lamp across the
second section of the filter provides protection
against arcing if there is a failure that can cause a
large difference of potential to develop between the
crt heater and cathode circuits.

MAIN BOARD POWER DISTRIBUTION
(Diagram 14)

The Main Board Power Distribution diagram
schematically displays the distribution paths and
decoupling circuits for the low voltages from the
Power Supply. The supply and ground connections
to the various integrated circuits in the instrument
are also shown. Use this diagram to aid circuit
tracing when trying to locate a power supply loading
problem associated with the Main Board.



PROCESSOR BOARD POWER
DISTRIBUTION (Diagram 15)

The continuing power distribution from the Main
Board to the top board (Processor Board, A16) is
depicted in the Processor Board Power Distribution
schematic diagram. Use Diagram 15 to aid in
locating power supply loading problems that are
isolated to the Processor Board.

Theory of Operation—2246A Service

INTERCONNECTION DIAGRAM
(Diagram 16)

Circuit board interconnections with the plug, jack,
pin numbers, and signal names shown are found in
schematic Diagram 16. The diagram is useful in
checking continuity of cable runs and signal paths
from board to board through the instrument.
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Section 4—2246A Service

Introduction

This Performance Check Procedure verifies the
Performance Requirements of the 2246A as listed in
the Specification (Section 1) and helps determine
the need for readjustment. These checks may also
be used as an acceptance test or as a preliminary
troubleshooting aid.

You do not have to remove the wrap-around cabinet
from the 2246A to do this procedure. All checks can
be made with controls and connectors accessible
from the outside.

Test Equipment Required

Table 4-1 lists all the test equipment required to do
the Performance Check Procedure. Test equipment
specifications described are the minimum necessary
to provide accurate results. For test equipment
operating information, refer to the appropriate test
equipment instruction manual.

When you use equipment other than that recom-
mended, you may have to make some changes to
the test setups. If the exact example equipment in
Table 4-1 is not available, use the Minimum Specifi-
cation column to determine if any other available
test equipment might be adequate to do the check.

Performance Check Interval

To ensure instrument accuracy, check the perform-
ance of the 2246A after every 2000 hours of
operation, or once each year if used infrequently. If
the checks indicate a need for readjustment or

repair, refer the instrument to a qualified service
person.

Preparation

This procedure is divided into subsections to let you
check individual sections of the instrument when it is
not necessary to do the complete Performance
Check. An Equipment Required block at the begin-
ning of each subsection lists the equipment from Ta-
ble 4-1 that is needed to do the checks in that
subsection.

The initial front-panel control settings at the begin-
ning of each subsection prepare the instrument for
the first step of the subsection. Do each of the steps
in a subsection completely and in order to ensure
the correct control settings for steps that follow. To
ensure performance accuracies stated in the Speci-
fication (Section 1), let the instrument warm up for
20 minutes and run the SELF CAL MEASUREMENTS
routine.

To run the SELF CAL MEASUREMENTS routine:

Press the top and bottom menu-item select buttons
to display the SERVICE MENU. Underline and select
SELF CAL MEASUREMENTS. Press RUN to start the
routine, then QUIT to return to the normal
oscilloscope mode.

NOTE

Performance accuracies are ensured
only when the SELF CAL MEASURE-
MENTS is done AFTER the 20-minute
warmup.
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Table 4-1
Test Equipment Required

ltem and
Description

Minimum
Specification

Use

Example of
Test Equipment

Leveled Sine-Wave
Generator

Frequency: 250 kHz to
above 150 MHz. Output
amplitude: variable from
10 mV to 5 V p-p. Out-
put impedance: 50 Q.
Amplitude accuracy:
constant within 1.5% of
reference frequency to
100 MHz.

Vertical, horizontal,
triggering, measure-
ment bandwidth, and
Z-Axis checks and
adjustments.

TEKTRONIX SG 503
Leveled Sine-Wave
Generator. 2

Calibration Generator

Standard-amplitude
signal levels (dc and
square wave): 5 mV to
50 V. Accuracy: 10.25%.
High-amplitude signal
levels: 1 V to 60 V.
Repetition rate: 1 kHz.
Fast-rise signal level: 1 V.
Repetition rate: 1 MHz.
Rise time: 1 ns or less.
Flatness: 10.5%.

Signal source for gain
and transient re-
sponse checks and
adjustments.

TEKTRONIX PG 506
Calibration
Generator.?

Time-Mark Generator

Marker outputs: 5 ns to
0.5 s. Marker accuracy:
+0.1%. Trigger output:
1 ms to 0.1 us time-
coincident with markers.

Horizontal checks and
adjustments. Display
adjustment. time cursor
checks.

TEKTRONIX TG 501
Time-Mark -
Generator.?

Function Generator

Range: less than 1 Hz to
1 kHz; sinusoidal output;
amplitude variable up to
greater than 10 V p-p
open circuit with dc off-
set adjust.

Low-frequency checks.

TEKTRONIX FG 502
Function Generator 2

Coaxial Cable
(2 required)

Impedance: 50 Q.
Length: 42 in.
Connectors: BNC.

Signal interconnection.

Tektronix Part Number
012-0057-01.

Precision Coaxial Cable

Impedance: 50 Q.
Length: 36 in.
Connectors: BNC.

Used with PG 506 Cali-
bration Generator and
SG 503 Sine-Wave
Generator.

Tektronix Part Number
012-0482-00.

aF-tequlres a TM500-series power module.
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Table 4-1 (cont)
Item and Minimum Example of
Description Specification Use Test Equipment

Termination Impedance: 50 Q. Signal termination. Tektronix Part Number

(2 required) Connectors: BNC. 011-0049-01.

10X Attenuator Ratio: 10X. Triggering checks. Tektronix Part Number
Impedance: 50 Q. 011-0059-02.
Connectors: BNC.

2X Attenuator Ratio: 2X. Triggering checks. Tektronix Part Number
Impedance: 50 Q. 011-0069-02.
Connectors: BNC.

Adapter Connectors: BNC Signal interconnection. Tektronix Part Number

male-to—-miniature-probe
tip.

013-0084-02.

Alignment Tool

Length: 1-in shaft.
Bit size: 3/32 in.
Low capacitance; insulated.

Adjust TRACE ROTATION
pot. Adjust variable
capacitors and resistors.

Tektronix Part Number
003-0675-00.

Test Oscilloscope

Bandwidth:
20 MHz.

Z-Axis response
adjustment.

TEKTRONIX 2246A.

Dual-Input Coupler

Connectors: BNC
female-to-dual-BNC male.

Signal interconnection.

Tektronix Part Number
067-0525-01.

T-Connector

Connectors, BNC.

Signal interconnection.

Tektronix Part Number
103-0030-00.

Precision Normalizer

Input resistance: 1 MQ:

Input capacitance

Tektronix Part Number

Input capacitance: 20 pF. adjustments. 067-1129-00.
TV Signal Generator Provide composite TV video| Check TV Trigger circuit.] Tektronix
and line sync signals. 067-0601-00.

Calibration fixture with
067-5002-00 (525/60y
and 067-5010-00
(1201/60) plug-ins.

Digital Multimeter
(DMM)

Dc volts range: 0 to
140 V. Dc voltage
accuracy *0.15%.
4 1/2 digit display.

Power supply voltage

checks and adjustments.

Tektronix DM 501A
Digital Multimeter2

aRequires a TM500-series power module.
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DISPLAY

Time-mark generator
50 Q BNC termination

Equipment Required (See Table 4-1)

50 Q BNC coaxial cable

1. TRACE ROTATION

a.

Set:
READOUT (Intensity)
A INTEN

Vertical MODE
CH 1 VOLTS/DIV
CH 1 COUPLING
A/B SELECT
Trigger MODE
Trigger SOURCE
Trigger CPLG
Trigger SLOPE

Trigger HOLDOFF
Trigger LEVEL
Horizontal MODE
Horizontal POSITION
A SEC/DIV
Measurements

FOCUS

SCOPE BW

For a viewable
readout

For a viewable
trace

CH 1

0.1V

AC

A Trigger
AUTO LEVEL
VERT

DC

_r~ (positive-
going)

Min

12 o’clock

A

12 o’clock

2 us

All off (press
CLEAR
DISPLAY three
times)

For best
defined display
Off

Position trace vertically to the center graticule

line.

N

CHECK—trace rotation control range is adequate
to align trace with center graticule line using a
small straight-bladed alignment tool.

ADJUST—trace parallel to center horizontal
graticule line.

. Geometry

Connect time-mark generator (TG 501) to CH 1
via a 50 © BNC coaxial cable and a 50 Q BNC
termination.

Set generator for 0.2 us time marks.

Position the bottom of the CH 1 signal below the
bottom graticule line.

CHECK—deviation of any vertical line within the
center eight horizontal divisions does not exceed
0.1 division (half a minor division).

Set CH 1 COUPLING to GND.

Position trace slowly from the bottom graticule
line to the top graticule line while making the fol-
lowing check.

CHECK—bowing or tilt of baseline trace doesn't
exceed 0.1 division (half a minor division) within
the eight vertical divisions.

Disconnect test signal from the 2246A.
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VERTICAL

Leveled sine-wave generator

Calibration generator
Function generator

50 0 BNC coaxial cable

Equipment Required (See Table 4-1)

50 Q precision BNC coaxial cable

50 O termination

Adapter BNC-male-to—-miniature probe tip
Dual-input coupler

a.

Set:

READOUT (Intensity)

. Input COUPLING Functional Check

For a viewable
readout

A INTEN For a viewable
trace

Vertical MODE CH 1 and CH 2

CH 1 and CH 2

VOLTS/DIV 1V

CH 1 and CH 2

Input COUPLING DC

A/B SELECT A Trigger

Trigger MODE AUTO LEVEL

Trigger SOURCE VERT

Trigger CPLG DC

Trigger SLOPE —~ (positive-
going)

Trigger LEVEL 12 o'clock

Trigger HOLDOFF Min

Horizontal POSITION 12 o’'clock

Horizontal MODE A

SEC/DIV 0.5 ms

FOCUS For best
defined display

Measurements All off (press
CLEAR
DISPLAY three
times)

SCOPE BW Off

CH 2 INVERT Off

b. Connect function generator (FG 502) sine-wave
output to the CH 1 input via a 50 Q BNC coaxial
cable and a 50 Q0 BNC termination.

c. Set function generator output for 1 kHz sine-
wave signal of five divisions peak-to-peak with
maximum positive dc offset.

N

Position the bottom of the signal to the center
horizontal graticule line.

Set CH 1 Input COUPLING to AC.

CHECK—display is centered about the center
horizontal graticule line.

Move the test signal to the CH 2 input.
Set CH 2 Vertical MODE to on (CH 1 off). o
Repeat the procedure for CH 2.

Disconnect the test signal from the 2246A.

. CH 1 and CH 2 VOLTS/DIV Trace Shift

Set:

CH 1 and CH 2
Vertical MODE
CH 1 and CH 2
VOLTS/DIV

CH 1 and CH 2
Input COUPLING GND

On -

2 mv

Set Vertical MODE to CH 1 (CH 2 off).
Position trace to center horizontal graticule line.

Switch CH 1 VOLTS/DIV through all positions
from 2 mV to 5 V.

CHECK—trace shift does not exceed 0.2 division
between steps.

Set Vertical MODE to CH 2 (CH 1 off).

Position CH 2 trace to the center horizontal
graticule line.



Switch CH 2 VOLTS/DIV through all positions
from 2 mV to 5 V.

CHECK—trace shift does not exceed 0.2 division
between steps.

. CH 3 and CH 4 VOLTS/DIV Trace Shift

Set Vertical MODE to CH 3 (CH 2 off).

Position trace to the center horizontal graticule
line.

Switch CH 3 VOLTS/DIV between 0.1 V and
0.5 V.

CHECK—trace shift does not exceed one

division.
Set Vertical MODE to CH 4 (CH 3 off).

Position trace to the center horizontal graticule
line.

Switch CH 4 VOLTS/DIV between 0.1 V and
0.5 V.

CHECK—trace shift exceed one

division.

does not

. CH 1 and CH 2 VAR VOLTS/DIV Trace Shift

Set:

Vertical MODE
CH 1 VOLTS/DIV

CH 1 (CH 4 off)
2 mV

Position trace to center graticule line.
Set CH 1 VAR VOLTS/DIV fully CCW.

CHECK—trace shift exceed one

division.

does not

Set:

CH 1 VAR VOLTS/DIV Detent
(calibrated)
CH 2 (CH 1 off)

2 myv

Vertical MODE
CH 2 VOLTS/DIV

Position trace to center graticule line.
Set CH 2 VAR VOLTS/DIV fully CCW.

CHECK—trace shift exceed one

division.

does not

Set CH 2 VAR VOLTS/DIV to detent (calibrated)
position.

(4]
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. CH 1 and CH 2 Input COUPLING Trace Shift

Position trace to center graticule line.
Set CH 2 Input COUPLING to DC.

CHECK—trace shift does not exceed 0.25

division.

Set:

Vertical MODE CH1 (CH2
off).

CH 1 Input COUPLING GND

Position trace to center graticule line.
Set CH 1 Input COUPLING to DC.

CHECK—trace shift does not exceed 0.25
division.

. CH 2 INVERT Trace Shift

Set:
Vertical MODE to CH 2 (CH 1 off).
CH 2 Input Coupling GND

Position trace to center horizontal graticule line.

Set CH 2 INVERT On.

CHECK—trace shift does not exceed one
division.

Set:

CH 2 INVERT Off

CH 2 COUPLING DC

. CH 1 and CH 2 VAR VOLTS/DIV Range

Set Vertical MODE to CH 1 and CH 2.

Position CH 1 and CH 2 traces to the center hori-
zontal graticule line.

Connect calibration generator (PG 506) Std
Ampl output to the CH 1 input via 50 Q precision
BNC coaxial cable. Set generator to Std Ampl
output to 50 mV.

Set:

CH 1 and CH 2

VOLTS/DIV 10 mV
CH 1 VAR VOLTS/DIV Fully CCW

CHECK—the signal amplitude is two divisions or
less.
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Set:

CH 1 VAR VOLTS/DIV Detent
(calibrated)

CH 1 Vertical MODE Off

Move the test signal to the CH 2 input.
Set CH 2 VAR VOLTS/DIV fully CCW.
Repeat the CHECK procedure for CH 2.

Set CH 2 VAR VOLTS/DIV to detent (calibrated)
position.

. Low-Frequency Linearity Check

Table 4-2

Signal-to-Graticule Accuracy

Set:

Vertical MODE CH 1
CH 1 VOLTS/DIV 10 mv
SCOPE BW On

b. Set calibration generator to Std Ampl output,
20 mV.

c. Move the test signal to the CH 1 input.
d. Position the top of the signal to top graticule line.

e. Check the signal amplitude is between 1.9 and
2.1 divisions.

f. Set bottom of the signal to bottom graticule line.

g. Check the signal amplitude is between 1.9 and
2.1 divisions.

h. Repeat the procedure for CH 2.

9. CH 1 and CH 2 Vertical Deflection Accuracy
a. Set CH 2 VOLTS/DIV to 2 mV.

b. Set calibration generator to Std Ampl output,
10 mV.

c. CHECK--all positions of the VOLTS/DIV settings
for correct signal-to-graticule accuracy, using
the settings in Table 4-2 for the checks.

d. Set calibration generator to Std Ampl output,
10 mV.

e. Move the test signal to the CH 1 input.

4-8

VOLTS/DIV Std Ampl Deflection Accy.
Setting Setting (in divisions)
2mv 10 mV 4.90 to 5.10
5 mv 20 mv 3.92 to 4.08

10 mV 50 mV 4.90 to 5.10
20 mv 100 mV 4.90 to 5.10
50 mv 200 mv 3.92 to 4.08
0.1V 500 mV 4.90 to 5.10

0.2v 1V 4.90 to 5.10

0.5V 2v 3.92 to 4.08

1V 5V 4.90 to 5.10

2V 0V 4.90 to 5.10

5V 10V 3.92 to 4.08

f. Set:

Vertical MODE CH 1 (CH 2 off)
CH 1 VOLTS/DIV 2 mv

g. Repeat CHECK procedure for CH 1.

10. CH 3 and CH 4 Vertical Deflection Accuracy

a.

Set:

Vertical MODE CH 3 and CH 4
on; CH 1 off

CH 3 and CH 4

VOLTS/DIV 0.1V

Position CH 3 and CH 4 traces to the second
graticule line down from the center horizontal
graticule line.

Move CH 1 test setup to the CH 3 input.

Set calibration generator to Std Ampl output,
0.5 V.

CHECK—the signal amplitude is between 4.90
and 5.10 divisions.

Move the test signal to the CH 4 input.

Set CH 3 Vertical MODE to Off.



h. Repeat CHECK for CH 4.

i. Set CH 3 and CH 4 VOLTS/DIV to 0.5 V.

j. Set calibration generator to Std Ampl output,
2 V.

k. CHECK—the signal amplitude is between 3.92
and 4.08 divisions.

I. Set CH 3 Vertical MODE On (CH 4 off).

m. Move the test signal to the CH 3 input.

n. Repeat CHECK procedure for CH 3.

o. Disconnect the test setup from the 2246A.

11. ADD Mode and CH 2 INVERT Deflection

Accuracy

a. Set:

Vertical MODE ADD (all others
off)

CH 1 and CH 2 VOLTS/DIV 0.1V

CH 1 and CH 2 Input

COUPLING DC

b. Connect calibration generator Std Ampl output
to the CH 1 and CH 2 inputs via 50 Q precision
BNC coaxial cable and a BNC dual-input coupler.

c. Set the calibration generator to Std Ampl output,
0.2V,

d. Position the ADD signal to the center of the crt
graticule with the CH 1 and CH 2 POSITION
controls.

e. CHECK—that the ADD signal amplitude is be-
tween 3.92 and 4.08 divisions.

f. Set CH 2 INVERT On.

h. CHECK—the ADD signal amplitude is 0.08 divi-
sion (less than half a minor graticule division) or
less excluding trace width (sweep will free run).

g. Disconnect the test setup from the 2246A.

12. Vertical POSITION Range (all channels)

a. Set:

A SEC/DIV 0.1 ms

CH 1 Vertical MODE On (ADD off)

Performance Check Procedure—2246A Service

CH 1 VOLTS/DIV 1V
CH 2 INVERT Off
SCOPE BW Off
CH 1 and CH 2 Input

COUPLING AC

Connect leveled sine-wave generator (SG 503)
output to the CH 1 and CH 2 inputs via a 50
BNC coaxial cable, a 50 Q@ BNC termination, and
a BNC dual-input coupler.

Position trace to center horizontal graticule line.

Set leveled sine-wave generator output for two-
division signal at 50 kHz.

Set:
CH 1 VOLTS/DIV 0.1V
CH 1 POSITION Fully CW

CHECK—that the bottom of the waveform is at
least one division above the center horizontal
graticule line.

Set CH 1 POSITION fully CCW.

CHECK—that the top of the waveform is at least
one division below the center horizontal graticule
line.

Set:

CH 1 POSITION 12 o’clock
Vertical MODE CH 2 (CH 1 off)
CH 2 POSITION Fully CW

CHECK—that the bottom of the waveform is at
least one division above the center horizontal
graticule line.

Set CH 2 POSITION fully CCW.

CHECK—that the top of the waveform is at least
one division below the center horizontal graticule
line.

. Set CH 2 POSITION to 12 o'clock.

Move the BNC dual-input coupler from the CH 1
and CH 2 inputs to the CH 3 and CH 4 inputs.

Set:

Vertical MODE CH 3 (CH 2 off)
CH 3 and CH 4

VOLTS/DIV 0.1V

CH 3 POSITION Fully CW

CHECK—that the bottom of the waveform is at
least one division above the center graticule
line.
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13.

14.

Set CH 3 POSITION fully CCW.

CHECK—that the top of the waveform is at least
one division below the center graticule line.

Set:

12 o’clock
CH 4 (CH 3 off)

CH 3 POSITION
Vertical MODE

Repeat the procedure for CH 4.
Set CH 4 POSITION to 12 o'clock.

Disconnect the test setup from the 2246A.

CH 1 to CH 2 Signal Delay Match

Set:

Vertical MODE CH 1 and CH 2
CH 1 and CH 2

input COUPLING DC

CH 1 and CH 2

VOLTS/DIV 0.1V

SEC/DIV 20 ns

Trigger SOURCE CH 3

Superimpose the CH 1 and CH 2 traces at the
100% graticule marking.

Connect calibration generator (PG 506) FAST
RISE, rising-edge signal to the CH 1 and CH 2
inputs via a 50 Q precision BNC coaxial cable, a
50 O BNC termination, and a BNC dual-input
coupler.

Connect calibration generator TRIG OUT signal to
the CH 3 input via a 50 Q) BNC coaxial cable and
a 50 Q BNC termination.

Set the calibration generator output for five divi-
sions of signal amplitude at 1 MHz.

Position the rising edges of the superimposed
waveforms horizontally to the center vertical
graticule line.

Set X10 MAG On (for 2 ns/div sweep speed).
CHECK—that the leading edges of the two
waveforms have less than 0.1 horizontal division
separation at the center graticule line excluding
trace width.

CH 1 to CH 4 Signal Delay Match

Set Vertical MODE to CH 1 and CH 4 (CH 2 off).

15.

16.

Move the CH 2 signal to the CH 4 input
connector.

Superimpose the CH 4 waveform on the CH 1
waveform.

CHECK—that the leading edges of the two
waveforms have less than 0.1 horizontal division
separation at the center graticule line excluding
trace width.

CH 3 to CH 4 Signal Delay Match

Set:

Vertical MODE CH 3 and CH 4
(CH 1 off)

Trigger SOURCE CH 2

Move the CH 1 signal to the CH 3 input and the
CH 3 trigger signal to the CH 2 input.

Superimpose CH 3 and CH 4 waveforms at the
center graticule line.

CHECK—that the leading edges of the two
waveforms have less than 0.1 horizontal division
separation at the center graticule line.

Disconnect the test setup.

CH 1 and CH 2 Vertical Bandwidth

Set:

X10 MAG Off

Vertical MODE CH 1 (CH 3 and
CH 4 off)

SEC/DIV 0.1 ms

CH 1 VOLTS/DIV 2 mV

CH 1 and CH 2 Input

COUPLING DC

Trigger SOURCE VERT

Horizontal POSITION 12 o’clock

Connect leveled sine—-wave generator (SG 503)
output to the CH 1 input via a 50 Q precision
BNC coaxial cable and a 50 Q BNC termination.

Set the Leveled Sine-Wave Generator output for
a six-division signal amplitude at 50 kHz.

Set the generator Frequency Range and Fre-
quency Variable controls for a 100 MHz output
signal.

CHECK—the displayed signal amplitude is 4.2 di-
visions or more.

Repeat the frequency setup and CHECK proce-
dure for VOLTS/DIV settings of 5 mV through
1 V.



17.

18.

Move the test signal to the CH 2 input.
Set:

Vertical MODE
CH 2 VOLTS/DIV

CH 2 (CH 1 off)
2 mV

Repeat the complete Bandwidth check proce-
dure for Channel 2.

CH 3 and CH 4 Vertical Bandwidth
Set:

Vertical MODE
CH 3 and CH 4 VOLTS/DIV

CH 3 (CH 2 off)
0.1V

Connect leveled sine-wave generator (SG 503)
output to the CH 3 input via a 50 Q precision
BNC coaxial cable and a 50 Q BNC termination.

Set the generator output for a six—division signal
display at 50 kHz.

Set the generator Frequency Range and Fre-
quency Variable controls for a 100 MHz output
frequency.

CHECK—that the signal display amplitude is 4.2
divisions or more.

Repeat the procedure for 0.5 VOLTS/DIV

setting.
Move the test signal to the CH 4 input.
Set Vertical MODE to CH 4

Repeat the procedure for CH 4.

SCOPE BW (Bandwidth Limit) Accuracy
Set:
Vertical MODE

CH 1 VOLTS/DIV
SCOPE BW

CH 1 (CH 4 off)
10 mV
On

Move test signal from the CH 4 input to the CH 1
input.

Set leveled sine-wave generator (SG 503) out-
put for a six—division signal amplitude at 50 kHz.

Set the leveled sine-wave generator Frequency
Range and Frequency Variable controls to pro-
duce a signal display amplitude of 4.2 divisions.

19.

20.
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CHECK—that the sine-wave generator output
frequency is between 17 MHz and 23 MHz.

Disconnect the test setup.

Common-mode Rejection Ratio

Connect leveled sine-wave generator (SG 503)
output to the CH 1 and CH 2 input connectors via
a 50 Q precision BNC coaxial cable, a 50 O BNC
termination, and a BNC duai-input coupler.

Set the leveled sine-wave generator output for
an eight-division signal-display amplitude at
50 kHz.

Set:

ADD MODE On

CH 2 VOLTS/DIV 10 mV
CH 2 INVERT On
CH 1 Vertical MODE Off
SCOPE BW Off

Adjust CH 1 or CH 2 VAR VOLTS/DIV for smallest
signal amplitude (as needed).

Set the leveled sine-wave output frequency to
50 MHz.

Set:
CH 1 Vertical MODE On
ADD MODE Off

Set the leveled sine-wave output amplitude for
an eight-division display.

Set the Vertical MODE to ADD (CH 1 off).

CHECK—the signal is less than 0.8 division in
amplitude.

Disconnect the test setup.

Channel Isolation

Set:

Vertical MODE CH 1 and CH 2
(ADD off)

CH 2 INVERT Off

CH1,CH2,CH3, and CH 4

VOLTS/DIV 0.1V

Trigger SOURCE CH 1

Connect the leveled sine-wave generator (SG
503) output to the CH 1 input via a 50 Q pre-
cision BNC coaxial cable and a 50 Q BNC
termination,
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21.

Set the leveled sine-wave generator (SG 503)
output for a five—division signal display amplitude
at 100 MHz.

Set CH 2, CH 3, and CH 4 Vertical MODE On
(CH 1 off).

CHECK—display amplitude is 0.1 division or less,
excluding trace width, on the CH 2, CH 3, and
CH 4 traces.

Move sine-wave generator signal to the CH 2
input.

Set:
CH 1, CH 3, and

CH 4 Vertical MODE
Trigger SOURCE

On (CH 2 off)
CH 2

CHECK—display amplitude is 0.1 division or less,
excluding trace width, on the CH 1, CH 3, and
CH 4 traces.

Move sine-wave generator signal to the CH 3
input.

Set:
CH1,CH 2, and CH 4

Vertical MODE
Trigger SOURCE

On (CH 3 off)
CH 3

CHECK—display amplitude is 0.1 division or less,
excluding trace width, on the CH 1, CH 2, and
CH 4 traces.

Move sine-wave generator signal to the CH 4
input.

. Set:

CH1,CH2,and CH 3
Vertical MODE
Trigger SOURCE

On (CH 4 off)
CH 4

CHECK—display amplitude is 0.1 division or less,
excluding trace width, on the CH 1, CH 2, and
CH 3 traces.

Disconnect the test setup.

AC-Coupled Lower -3 dB Point
Set:
10 ms

CH 1 (all others
off)

A SEC/DIV
Vertical MODE

22.

Trigger SOURCE VERT
Trigger MODE NORM
Trigger HOLDOFF Fully CW

Connect function generator (FG 502) output to
the CH 1 input via a 50 Q) BNC coaxial cable and
a 50 Q BNC termination.

Set the function generator output controls to
produce a six-division sine-wave display at 10
Hz (with no dc offset).

Set CH 1 Input COUPLING to AC.

CHECK—display amplitude is 4.2 division or

more.
Set Vertical MODE to CH 2 (CH 1 off).
Repeat the procedure for CH 2.

Disconnect the test equipment from the 2246A.

Vertical ALT and CHOP Modes

Set:

Vertical MODE CH 1, CH 2,
CH3,and CH4
on

CHOP Vertical MODE Off (ALT
mode)

CH1and CH 2

VOLTS/DIV 10 mVv

CH 3 and CH 4

VOLTS/DIV 0.1V

CH 1 and CH 2 Input

COUPLING DC

Horizontal MODE A

SEC/DIV 1 ms

Trigger MODE AUTO LEVEL

Position all traces for two divisions of separation
with the CH 1 trace near the top; then in order
down the graticule area with the CH 4 trace near
the bottom.

Set SEC/DIV to 10 ms.

CHECK—that four traces are sweeping across
the screen alternately.

Set CHOP Vertical MODE On.

CHECK—that four traces are sweeping across
the screen simultaneously.



23.

a.

b.

24,

BEAM FIND Functional Check
Push BEAM FIND in and hold.

CHECK—the signal is visible and compressed
fully within the graticule area as the horizontal
and vertical position controls are rotated through
their ranges.

Release the BEAM FIND button.

Set all Vertical and Horizonta! POSITION controls
at the 12 o’clock position.

A and B Trace Separation
Set:

1ms

CH 1 (others
off)

ALT

A SEC/DIV
Vertical MODE

Horizontal MODE

f.
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B SEC/DIV 0.5 ms

A/B SELECT B

B Trigger MODE RUNS AFTER
TRACE SEP Fully CW

Position the CH 1 trace below the center hori-
zontal graticule line to display the separated B
trace.

CHECK—for at least four divisions of upward
trace separation between the B trace and the A
trace.

Set TRACE SEP fully CCW.

Position the CH 1 trace above the center hori-
zontal graticule line to display the separated B
trace.

CHECK—for at least four divisions downward
trace separation of the B trace from the A trace.
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TRIGGERING

Equipment Required (See Table 4-1)

Leveled sine-wave generator
50 Q BNC coaxial cable

2X BNC attenuator
Dual-input coupler

Function generator
10X BNC attenuator
50 O BNC termination
TV signal generator

a.

. 500 Hz Trigger Sensitivity

NOTE

The Trigger LEVEL control may be used
to obtain a stable display.

e. CHECK—that the display is stably triggered with

DC, HF REJ, and AC Trigger CPLG; and that the
display will not trigger on NOISE REJ or LF REJ
Trigger CPLG.

Set:

READOUT (Intensity) For a viewable
readout

A INTEN For a viewable
trace

Vertical MODE CH 1

CH 1 and CH 2 Input

COUPLING DC

CH 1 VOLTS/DIV 0.1V

SCOPE BW On

Horizontal MODE A

A SEC/DIV 2 ms

A/B SELECT A Trigger

Trigger MODE AUTO LEVEL

Trigger SOURCE VERT

Trigger CPLG AC

Trigger SLOPE _~ (positive—
going)

Trigger HOLDOFF Min

FOCUS For best
defined display

Measurements All off (press
CLEAR
DISPLAY three
times)

Horizontal POSITION 12 o’clock

Connect function generator (FG 502) output to
the CH 1 input via a 50 Q BNC coaxial cable, and
a 50 ) BNC termination.

Set function generator (FG 502) output to pro-
duce a 7.0 division sine-wave display at 500 Hz.

Add a 10X and a 2X BNC attenuator before the
50 Q BNC termination (for a 0.35 division
display).
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Set:

Horizontal MODE B

Trigger CPLG DC

A/B SELECT B Trigger

Trigger MODE NORM

Trigger SOURCE VERT

Trigger SLOPE -~ (positive—
going)

B SEC/DIV 0.5 ms

DELAY Time ?0.000
(minimum
delay time)

B INTEN For viewable
display

NOTE

It may be necessary to adjust the Trigger
LEVEL control to obtain a display.

CHECK—that using the Trigger LEVEL control the
display can be stably triggered in DC, HF REJ,
and AC Trigger CPLG; and that the display can-
not be triggered in NOISE REJ or LF REJ Trigger
CPLG.

h. Disconnect the test setup from the CH 1 input.



N

. 500 kHz Trigger Sensitivity

Set:

SCOPE BW Off
Horizontal MODE A

A/B SELECT A Trigger
A SEC/DIV 2 us

Connect leveled sine-wave generator (SG 503)
output to the CH 1 input via a 50 ) BNC coaxial
cable and a 50 Q BNC termination.

Set leveled sine-wave generator output to pro-
duce a 7.0 division sine-wave display amplitude
at 500 kHz.

Add a 10X and a 2X BNC attenuator before the
50 Q BNC termination (for a 0.35 division display
amplitude).

CHECK~that the display cannot be triggered in
either HF REJ of NOISE REJ CPLG.

Set:

Horizontal MODE B

A/B SELECT B Trigger
B SEC/DIV 1 us

CHECK—that the display cannot be triggered in
HF REJ or NOISE REJ CPLG by adjusting the Trig-
ger LEVEL control.

. 25 MHz Trigger Sensitivity

Set:

Horizontal MODE A

A/B SELECT A Trigger
Trigger CPLG DC

A SEC/DIV 50 ns

Remove the 10X and 2X BNC attenuators from
the signal path.

Set leveled sine-wave generator output to pro-
duce a 7.0 division display amplitude at 25 MHz.

Add a 10X and a 2X BNC attenuator before the
50 Q BNC termination.

CHECK—that the display is stably triggered in
DC, LF REJ, and AC Trigger CPLG; the display is

not triggered in NOISE REJ and HF REJ Trigger
CPLG settings.

Set:

Trigger CPLG AC
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Horizontal MODE B
A/B SELECT B Trigger
B SEC/DIV 20 ns

CHECK—that using the Trigger LEVEL control the
display can be stably triggered in DC, LF REJ,
and AC Trigger CPLG; the display cannot be trig-
gered in NOISE REJ and HF REJ Trigger CPLG
settings.

Set leveled sine-wave g