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WARRANTY

Tektronixwarrants that this product will be free from defects in materiais and workmanship for a period of three (3) years from
the date of shipment. If any such product proves defective during this warranty period, Tekironix, at its option, either will repair
the defective product without charge for parts and labor, or will provide a replacement in exchange for the defective product.

In order to obtain service under this warranty, Customer must notify Tektronix of the defect before the expiration of the warranty
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OPERATORS SAFETY SUMMARY

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

out 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

propenty.

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
immediately accessible as one reads the markings, or a
hazard to property, including the equipment itself.
DANGER indicates a personal injury hazard im-

mediately 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

k 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.

vi

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 receptacle before
making any connections to the product input or output
terminals. A protective ground connection, by way ofthe
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 con-
trols that may appear to be insulating, can render 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 2-1.

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 pans
list for your product.

Do Not Operate in an Explosive
Atmosphere

To avoid explosion, do not operate this instrument in an
explosive atmosphere.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product
covers or panels. Do not operate the product without the
covers and panels properly instailed.
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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 exposed
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.

vii
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SPECIFICATION

INTRODUCTION

The TEKTRONIX 2247A is a 100 MHz, four-channel,
dual-sweep, portable oscilloscope for general-
purpose use. A microprocessor-based operating sys-
tem controls most of the functions in the instrument,
including a fully integrated menu-driven voltage and
time measurement system with SmarnCursors®. A
counter/timer (C/T) is integrated into the trigger system
to provide many automated counting and timing
measurements. Other features include single-button
automatic front-panel setup and a menu-driven
store/recall setup function. Amenu-driven service mode
provides for configuring of certain menu and readout
displays and running the internal calibration and
servicing diagnostic routines.

The vertical deflection system has four input channels.
Two channels have 11 basic deflection factors from
2mV 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 connected 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 horizontal
scale factors are dispiayed at the bottom of the screen.
On-screen vertical and horizontal cursors provide
accurate voltage, time, frequency, and phase measure-
ments; measurement values are displayed at the top of
the cri. ,

Measurement features include cursor-driven voltage,
time, frequency, and phase measurements; counter/
timer measurements; and automatic rise time/fall time
and propagation delay measurements. Voltage
measurements include positive peak, negative peak,
peak-to-peak, and average dc levels, measured over
the entire display or a selected portion (gated
measurements).

Counter/timer measurements include frequency, period,
width, totalize, frequency ratio, gated frequency, gated
period, gated width, gated events, delta time, one-
over-delta time, phase, rise time/fall time, and propa-
gation delay, using an internal or external frequency
standard. Counter/timer measurements can be
averaged to increase the number of displayed digits,
and measurement trigger points can be indicated with
Cursors on screen.

Positionable cursors allow absolute voltage, voltage
difference, time difference, frequency, and phase
measurements. SmartCursors® that visually track
voltage measurements, trigger levels, and ground can
be selectively displayed with the waveforms. Time,
frequency, and phase measurements referenced to the
trigger event or between two user-selected events 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 voitage 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 2247A instrument:

2 Probes, 10X, 1.5 meter, with accessories

1 Power cord

1 Power cord clamp

1 Operators manual

1 Reference guide

1 Crt implosion shield, blue plastic (installed)
1 Fuse, 2A, 250 V, slow-blow

1 Accessory pouch, ziploc

Refer to the Accessories page at the back of this manual
for part numbers and further information about both
standard and optional accessories. Available options
are described in Section 7. Your Tekironix repre-
sentative, local Tektronix Field Office, or Tektronix

1-1
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products catalog can provide additional information on
options and accessories.

RECOMMENDED CALIBRATION
SCHEDULE

To ensure accurate measurements, check the per-
formance of this instrument every 2000 hours of
operation {once each year if used infrequently). When
components are replaced, affected circuits may have to
be readjusted.

PERFORMANCE CONDITIONS

The electrical characteristics givenin Table 1-1 are valid
when the instrument has been adjusted at an ambient

1-2

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 -10°C and +55°C
(unless otherwise noted).

Specifications for non-counter/timer functions with digi-
tal 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.

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,
and mechanical 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.?2

Accuracy (includes ADD MODE
and CH 2 INVERT)

15°C 10 35°C +2%.
-10°C 1o 15°C and +3%a
35°C to 65°C
Variable Range Increases deflection factor by at least 2.5:1.

Frequency Response
(-3 dB bandwidth)

-10°Cto 35°C
5 mV to 5 V/div Dc to 100 MHz (at the input BNC and at the probe iip).
2mv Dc to 90 MHz (at the input BNC and at the probe tip).
35°C to 55°C Dc to 50 MHz (at the input BNC and 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°Cto 35°C
5 mV 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).2
Delay Match (CH 1 to CH 2) Less than 200 ps difference.

Common Mode Rejection Ratio (CMRR) At least 10:1 at 50 MHz for signals of eight division or less with
VOLTS/DIV VAR adjusted for best CMRR at 50 kHz.

Channel Isolation (attenuation of

deselected channel) 10 MHz 100 MHz
2 mv/div to 0.5 V/div 50 dB 34 dB
or more or more

Channel isolation tested with eight-division input signal.
Trace Shift as VAR VOLTS/DIV is Turned 1 division or less.

2 performance Requirement not checked in manual.

1-3
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Table 1-1 (cont)

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

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 55°C Less than 2 mv.2
input Characteristics
Resistance 1 MQ £1.0%.2
Capacitance 20 pF 1 pF2
Capacitance Match Between Any +0.5 pF.2
Two VOLTS/DIV Settings

Maximum Input Volts A

400 V (dc + peak ac); 800 V p-p at 10 kHz or less.2
(See Figure 1-1.)

VERTICAL DEFLECTION SYSTEM — CH3 AND CH 4

Deflection Factor

Range 0.1V per division and 0.5 V per division.
Accuracy
15°C to 35°C +2%.
-10°C to 65°C +3%2
Frequency Response (-3 dB bandwidth)
-10°Cto 35°C Dc to 100 MHz (at the input BNC and at the probe tip).
35°C to 55°C Dc to 90 MHz (at the input BNC and at the probe tip).2
Step Response (5—diVision step)
Rise Time
-10°C t0 35°C 3.5 ns or less (calculated) .2
35°C to 55°C 3.9 ns or less (calculated).2

Delay Match (CH 3 to CH 4)

Less than 200 ps difference.

Trace Shift Between VOLTS/DIV Settings

1 division or less.

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 pF2

Maximum Input Volts A

400 V (dc + peak ac); 800 V p-p at 10 kHz or less.2
(See Figure 1-1))

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

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

VERTICAL DEFLECTION SYSTEM — ALL CHANNELS

Bandwidth Limit (-3 dB bandwidth)

20 MHz *15%.

Low-Frequency Linearity (relative to
center screen)

15%.

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

Position Range

At least £11 divisions from graticule center.

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.

HORI

ZONTAL DEFLECTION SYSTEM

Sweep Range

A Sweep 0.5 s/div to 20 ns/div in a 1-2-5 sequence.?2
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
15°C to 35°C 2% +3%
-10°C to 15°C and +3%2 +4%?2
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.

Sweep Linearity (relative to center two
displayed divisions)

+5%.

Sweep Linearity 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.

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
ten’ih d;vision of an unmagnified sweep to the left of the center
graticule.

X-Y Displays

At least #13 divisions.2

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.a

0.5 division or less shift.

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

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

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.

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

+ (0.5% of reading + 5% of 1 division of the A Sweep +25 ns).

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.

A AND B TRIGGER

Sensitivity —CH 1 through CH 4;
AUTO LEVEL, AUTO, NORM, and
SGL SEQ

Trigger sensitivity is defined as the minimum peak-to-peak
sine-wave frigger 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), with Trigger LEVEL control set at
midievel, but not at control extremes.

COUPLING

DC 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 MHgz; increasing to 2.2 divisions 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 (100 MHz in AUTO LEVEL); 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 20 Hz.

TV LINE, TV FIELD

0.5 division of composite sync will achieve a stable display.

Channel Isolation (attenuation of
deselected channel)

CH1orCH2t0
Any Other Channel

20 dB or more at 100 MHz.2

CH3orCH4to
Any Other Channel

30 dB or more at 100 MHz.2

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

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

Free Run Enable Frequency

AUTO and AUTO LEVEL

The sweep will free run if trigger source frequency is less than 10 Hz.2

In AUTO LEVEL, if the trigger-source frequency is < 25 Hz, the range
of the Trigger LEVEL control may be reduced.

LEVEL Control Range
AUTO, NORM, and SGL SEQ

+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 on it due to insufficient trigger level range.

AUTO LEVEL

Does not exceed the peak-to-peak amplitude of the trigger signal
that was present when the AUTO LEVEL limits were set.2

TRIGGER LEVEL READOUT Accuracy

+(0.3% of reading + 10% of one vertical division).2

HOLDOFF Control Range

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

VOLTMETER AND CURSOR FUNCTIONS

VOLTMETER FUNCTIONS

DC VOLTS
Accuracy

1(0.5% of reading + 2% of one vertical division + 250 V).

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

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

Greater Than 25 MHz to
100 MHz (90 MHz at
35°C to 55°C)

+0.5dB, -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.

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

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

VOLTMETER FUNCTIONS (cont)

PK-PKVOLTS

Accuracy —Ful}
Bandwidth

25 Hz to 25 MHz

+(2.0% of reading + 15% of one vertical division + 1.5 mV).

Greater Than 25 MHz to
100 MHz (90 MHz at

35°C to 55°C)

+0.5dB, -3 dB *1.5 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 + 0.5 mV).

Gated Region Minimum
Width (when gated)

(0.2 division + 50 ns) or less.

CURSOR FUNCTIONS

e~ SEC—! (manually positioned
cursors)

Accuracy
A Horizontal Mode

+(0.5% of reading + 2% of one horizontal division).

B Horizontal Mode

+(3.0% of reading + 2% of one horizontal division).

le~ 1/SEC —! (manually
positioned cursors)

Accuracy

Readout calcufated from I« SEC —I cursor positions.

<~ VOLTS =1 (manually
positioned cursors)
Accuracy

+ (0.5% of reading + 2% of one vertical division + high-frequency
display errors).

1 VOLTS =1 (manually
positioned cursor)

Accuracy

+ (0.5% of reading + 2% of one vertical division + high-frequency
display errors).

le— PHASE—| (manually
positioned cursors)

Accuracy

Readout calculated from |« SEC —| cursor positions.

TRACK MEASUREMENT

Position Accuracy (cursor
position on waveform versus
digitally displayed measure-
ment value)

+0.05 vertical division.

TRACK TRIG LEVEL

Position Accuracy (cursor
position on waveform versus
digitally displayed trigger
level value)

+0.05 vertical division.




Specification—2247A Service

Table 1-1 (cont)

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

CURSOR FUNCTIONS (cont)

TRACK GROUND

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

+0.05 vertical division.

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

% 5(0.5)% of reading + 5.0% of one division of the A Sweep +
ns).

COUNTER/TIMER (C/T)

(see formula definitions at end of this section)

Time Base
Frequency 2

200 MHz.

Internal Oscillator
Short-term error 2
+15°Cto +35°C

+1 X 105 (10 ppm).

-10°C to +15°C and
+35°Cto +55°C

+5 X 107 (50 ppm).

Long-term drift 8

Less than 2 ppm change per year.

Extemal Oscillator

C/T automatically senses the applied extemnal input signal,
determines whether it is 1, 5, or 10 MHz (each can be +2%),
and multiplies it by 200, 40, or 20 respectively to derive the
200 MHz timing signal. Indication is given in readout when
external timebase is being used.

Frequency
Range

C/T TRIG TIMEOUT Enabled,
or B Trigger MODE in AUTO
LEVEL?

Less than 4 Hz to greater than 100 MHz.

C/T TRIG TIMEOUT Disabled,
and B Trigger MODE not in
AUTO LEVEL®

0.01 Hz to greater than 100 MHz.
Displays “< 0.01 Hz” if underranged.

Non-gated Mode

Resolution (Hz)?

1.4 X TJE X F2 +

*
N

LSD

Accuracy (Hz)

Resolution +(F x TBE)

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

CHARACTERISTICS PERFORMANCE REQUIREMENTS
Frequency (cont)
Gated Mode 1.4 x TJE x F2
a :
R i t + LSD
esolution (Hz) Ng x~/ G
Freq Gating _05ns -
Error (Hz)® Ng X F
Accuracy (Hz) Resolution +(F X TBE) * freq gating error.
a F2
LSD (Hz) N X 2 % 108 |
No more than 8 digits displayed; minimum LSD displayed is
10 nHz (1079 Hz).
Period
Range
C/T TRIG TIMEOUT Enabled, Greater than 250 ms to less than 10 ns.
or B Trigger MODE in AUTO
LEVEL2
C/T TRIG TIMEOUT Disabled, 100 s to less than 10 ns.
and B Trigger MODE not in : “ "
AUTO LEVEL? Displays “> 100s” if ovemranged.
Non-gated Mode
Resolution (seconds)? + 1.4 ET‘JE + LSD
Accuracy (seconds) Resolution (P x TBE).
Gated Mode
. 1.4 X TJE
Resolution (seconds)? + + LSD
( ) Ng X~/ G
Time Iinterval Gating 0.5ns
Error (seconds)? Ng
Accuracy (seconds) Resoiution * (P x TBE) * time interval gating etror.
LSD (seconds)? '—5|'3§——

No more than 8 digits displayed; minimum LSD displayed is
100 attosec.

Width
Range

C/T TRIG TIMEOUT Enabled,
or B Trigger MODE in AUTO

Greater than 250 ms to less than 5 ns.

LEVEL?

C/T TRIG TIMEOUT Disabled, 100 s to less than 5 ns.

and B Trigger MODE not in : « "

AUTO LEVEL® Displays “>100s” if overranged.

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

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

Width (cont)
Non-gated Mode
Resolution (seconds)?

I+

I+

+

TJE at start point
JN = P

1 .
X TJE at stop point
N PP

LSD

Accuracy (seconds)

Resolution *(W x TBE)
* hysteresis error

* start point slew error
* stop point slew error

+ 2 ns.
Gated Mode ;
Resolution (seconds)? t TJE at start point
(seconas) Vara- P
1 .
hs x TJE at stop point
-~/ Ng X G PP
+ LSD

Accuracy (seconds)

Resolution + (W x TBE)
+ hysteresis error

* time interval gating error
* start point slew error

* stop point slew error
*2ns.

Hysteresis Error (seconds)?

HYS

slew rate of stop edge
at trigger point (div/sec)

Start Point Slew Error (seconds)?

TLE

slew rate of start edge
at trigger point (div/sec)

Stop Point Slew Error (seconds)?

TLE

slew rate of stop edge
at trigger point (div/sec)

LSD (seconds) 2

5ns

~' N

No more than 8 digits displayed; minimum LSD displayed is
1 picosec.

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

CHARACTERISTICS PERFORMANCE REQUIREMENTS
Totalize
Range2 0 to 999999999.

Displays “> 999999999” on overrange.

Gated Events

Range a 0.000001 to 999999999.0
Displays “> 9999939999” on overrange.

Resolution, When Gate Is LSD
Synchronous to B Trigger Signal 2

Resolution, When Gate is Not 1

Synchronous to B Trigger Signal & ~ G + LSD
1
a
LSD G
No more than 10 digits displayed.
Accuracy Same as resolution.

Frequency Ratio
Range @ .00000001 to 99999999

Displays “> 99999999” on overrange.

Resolution2 + R x 14 x T, x Fy
N,
+ R x 14 x TIE;, X F, + LSD
N
a R F, Fa
No more than 8 digits displayed; minimum LSD displayed is
.00000001.
Accuracy Resolution + (R x TBE).

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

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

Delta Time (l«— SEC —I1) (AT)

Range @

C/T is used when horizontal mode is ALT. C/T may also be used
when horizontal mode is B.

0 to greater than 15 s.

B Runs After Delay Mode
Accuracy (seconds)?

+1.0% of one division of A sweep.

B Triggered After Delay Mode

Resolution (seconds)? * \/de X TJE at start point
1
* VA S X TJE at stop point
d
* LSD
LSD nds)? 5ns
(seconds) . ~ Ng

No more than 8 digits displayed; minimum LSD displayed
is 1 picosec (10-12 s).

Accuracy (seconds)

Resolution +(T x TBE)

+ channel delay mismatchP
+ start point slew error

1 slop point slew error

+ 100 ps.

One-Over-Delta Time (1/AT)
(le=1/SEC —1)

Range?

C/T is used when horizontal mode is ALT. C/T may also be used
when horizontal mode is B.

Less than 0.2 Hz to 10 GHz.
Displays “>10GHz" on overrange.

B Triggered After Delay Mode
Resoiution (Hz)#

+ Fe? X (delta-time resolution)

Accuracy (Hz)

+ F?2 X (delta-time resolution)

Phase

A Horizontal Mode?

When 360° tracking is on, the C/T measures the A trig period
and uses this result for the 360° reference. When 360°
tracking is off, the measurement uses the fixed reference value
obtained with the le— SET 360 ° —! function.

ALT or B Modes

Range @

C/T is used to measure the time interval when horizontal mode
is ALT. C/T may also be used when horizontal mode is B.

0 to + 99999999 degrees.
Displays “> 99999999°” on overrange.

2 performance Requirement not checked in manual.

bChannel detay mismatch is zero when start and stop points are on same channel.
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Table 1-1 (cont)

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

Phase (cont)
ALT or B Modes (cont)

B Triggered
After Delay

360 Degree
Tracking Off

Resolution
(in degrees)®

+ 360 X (delta-time resolution)
(360 degree reference time)

Accuracy
(in degrees)

+ 360 X (delta-time accuracy)
(360 degree reference time)

360 Degree

Tracking On
Resolution 1.4 X TJE, (delta~time
(in degrees)? * 360 x |: Na * resolution)
Accuracy + 1.4 X TJE, (delta-time
(in degrees) = 360 x I:T * accuracy)

Rise/Fall

When measurement is first selected, or measurement is not in
SET REF mode when reselected, the + and - peaks of the
signal are measured. Then, the trigger levels are set and the
rise/fall time measurement proceeds.

Minimum Signal Amplitude 4.0 divisions.
for Successful Autotriggering?
Minimum Signal Frequency 25 Hz.

for Successful Autotriggering?

If signal frequency is less than minimum, SET REF mode can
be used to manually set trigger levels.

Trigger Level Setting Error (after
autotriggering) 2

Peak measurement error + trigger level readout error (in divisions;
see A AND B TRIGGER and VOLTMETER FUNCTIONS PK-PK
VOLTS).

Trigger Level Setting Error (when
SET REF mode is used) 2

Trigger level readout error in divisions; rise/fall time accuracy is
specified with respect to the trigger levels selected by the user
via SET REF mode, rather than the 10% and 80% points on the
signal being measured.

Range 2

0 to greater than 5 seconds.

Resolutiona

+ .
t VN, x TJE at start point

1+

VN X TJE at stop point

1+
.
»
)

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

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

Rise/Fall (cont)
LSD (seconds)@

5ns

~ Ny

No more than 8 digits displayed; minimum LSD displayed is
1 picosec.

Accuracy

Resolution (T x TBE)
+ start point slew error
+ stop point slew error
t2ns.

Start Point Slew Error a

Trigger level setting error

Slew rate of signal
at start point (div/sec)

Stop Point Siew Error?2

Trigger level setting error

Slew rate of signal
at stop point (div/sec)

Propagation Delay

Range @

0 to greater than +5 seconds.

Resolution2

t 1 x TJE at start point
~ Npd
p

1

% 7N, % TJEatstop point
p
* LSD
LSD (seconds)2 4+ 5ns
+ ,—di

No more than 8 digits displayed; minimum LSD displayed is
1 picosec (10°'2 ).

Accuracy

Resolution (T x TBE)

+ channel delay mismatch®
* start point slew error

* stop point slew error
%100 ps.

2 performance Requirement not checked in manual.

¢ Delay mismatch between input channels can be nulled out with SET ZERO REF.
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Table 1-1 (cont)

CHARACTERISTICS PERFORMANCE REQUIREMENTS
Trigger Jitter Error V(82 + (&)
(TJE) in seconds? Slew rate of triggering edge
(div/sec)

Value of e, = RMS noise in signal applied at input BNC (in divisions).
Value of e, (in

divisions RMS)2 BWL on | BWL off
2 mV per division 0.13 0.33
5 mV per division 0.08 0.16
10 mV per division 0.06 0.11
20 mV per division 0.05 0.08
50 mV per division 0.04 0.07
or higher

COUNTER/TIMER DEFINITIONS

Na

I

i

Frequency of input, in Hz.

Equivalent frequency (1/T).

Frequency 1.

Frequency 2.

B trigger sensitivity, in divisions (see A and B TRIGGER).
Least significant digit.

Number of input events averaged.

For non-gated mode, N = F x (0.320 £0.010 s)

For gated mode, N = Ng x G

(N is always=1)

Number of gate intervals in one measurement.

(gate signal repetition rate) x (GATETIME +0.010 s) =1

GATETIME = 0.320 s in AUTO RESOLution mode. When a resolution magnifier is used, the gate
time increases as needed to obtain the extra resolution.

Number of A trigger periods averaged.
(A trigger frequency) x (0.320 +0.010 s)
(N is always > 1)

Number of delta-time intervals averaged in one measurement.
(A sweep repetition rate) x (GATETIME +0.010 s)
Number of sweeps in one display sequence

GATETIME = 0.603 sec in AUTO RESOLution mode. When a resolution magnifier is used, the gate
time increases as needed to obtain the extra resolution.

Number of sweeps is found by counting number of channels displayed; each channel with one

intensified zone gets counted twice; if one channel has both zones, this channel gets counted 4
times.

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

COUNTER/TIMER DEFINITIONS (cont)

TBE
TJE

TJE,
TJE,

TJEa =

TLE

Number of trigger events inside one gate interval =1.

Number of prop delay intervals averaged in one measurement.
(A sweep repetition rate) x (GATETIME + 0.010 s)
Number of sweeps in one display sequence

GATETIME = 0.603 sec in AUTO RESOLution mode. When a resolution magnifier is used, the gate
time increases as needed to obtain the extra resolution.

Number of sweeps is found by counting number of channels displayed; if both START and STOP
frigger are on one channel, this channel gets counted twice.

Number of transition time intervals (rise or fall) averaged in one measurement.
(A sweep repetition rate) x (GATETIME £ 0.010 s)
Number of sweeps in one display sequence

GATETIME = 0.603 sec in AUTO RESOLution mode. When a resolution magnifier is used, the gate
time increases as needed to obtain the extra resolution.

Number of sweeps is found by counting number of channels displayed; the channel being
measured gets counted twice.

Number of F, periods averaged.

Number of F, periods averaged.

Period of input, in seconds.

Ratio, F,/F..

Time interval being measured.

Total timebase error.

Trigger jitter error at trigger point.

Trigger jitter error associated with F,.

Trigger jitter error associated with F».

Trigger jitter error of A trigger period measurement.
B trigger level readout error, in divisions (see A and B TRIGGER).
Width of input, in seconds.
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Table 1-1 (cont)

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

X-Y OPERATION

Deflection Factors

Same as Vertical deflection system with the VOLTS/DIV variable
controls in calibrated detent position.2

Accuracy
X Axis
15°C 10 35°C 13%.
-10°C to 15°C and +4%32
35°C to §5°C

Horizontal (X-Axis) -3 dB Bandwidth

3 MHz or more.

Phase Match (DC Coupled)

+ 3 degrees from dc o 50 kHz.

EXTERNAL Z-AXIS INPUT

Active Region Lower Threshold
(intensity decreases above this voltage)

+ 1.8 volts or less.

Signal Required to Modulate
an A or B Trace

+ 3.8 volts or less provides noticeable modulation of a normal
intensity trace.

Usable frequency range is dc to 10 MHz. External Z-Axis signal
does not affect the readout or the intensified zone intensity.

Maximum Input Voltage A

30V (dc + peak ac); 30V p-p ac at 1 kHz or less .2

Input Loading

Represents less than one LSTTL load.2

EXTERNAL C/T REFERENCE INPUT

Input Impedance

10.1 kKQ 15%, AC coupled.?

Sensitivity

1 volt pk-pk, duty factor from 40% to 60% measured at the DC
average point on the waveform.

Maximum Input Voltage

35 volts (dc + peak ac).2

Allowable Input
Frequencies

1,5, or 10 MHz +2%.

Counter/Timer automatically senses the applied external input signal,
determines whether it is 1, 5, or 10 MHz, and multiplies it by 200, 40,
or 20 respectively to derive the 200 MHz timing signal. Indication is
given in readout when external timebase is being used.

PROBE ADJUST OUTPUT

Overshoot (rising and falling edge)

0.1% or less.

Output Voltage on PROBE ADJUST
Jack

0.5V 2% into 1 MQ load.

Repetition Rate

1 kHz £25%.

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

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

FRONT PANEL SETUP MEMORY

Battery Life

S years.@

Battery Type

3.0V, 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.

POWER SOURCE

Line Voltage Range

90 Vac to 250 Vac.a

Line Frequency

48 Hz 10 445 Hz.2

Line Fuse

2 A, 250V, slow blow.2

Maximum Power Consumption

100 Watts (155 VA).2

CRT DISPLAY
Display Area 8 by 10 cm.a
Geometry
Vertical *1/2 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

P312

Y-Axis Orthogonality

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

Nominal Accelerating Voltage

16 kV.2

2 performance Requirement not checked in manual.
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400
300
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VOLTS (DC + PEAK AC)

. 7
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10 kHz 50 kHz 100 kHz 500 kHz 1 MHz 100 MHz

FREQUENCY
§555-21

Figure 1-1. Maximum input voltage vs frequency derating curve for the CH 1, CH 2, CH 3, or CH 4 input connector.
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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, as
described below.a

Temperature
Operating -10°C 1o +55°C (+14°F to +131°F).
Nonoperating -51°Cto +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 4,570 m (15,000 ft). Maximum operating temperature decreases
1°C per 1,000 ft above 5,000 ft.
Nonoperating To 15,240 m (50,000 ft).

Humidity (operating and nonoperating)

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

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

Radiated and Conducted Emission
Required per VDE 0871

Meets Category B.

Electrostatic Discharge

Withstands discharge of up to 20 kV. Test performed with probe con-
taining a 500 pF capacitor with 1 kQ resistance charged to the test
voltage.

Conforms to Tektronix Standard 062-2862-00.

Vibration (operating)

15 minutes along each of 3 major axes at a total displacement of
0.025 inch p-p (4 g at 55 Hz) with frequency varied from 10 Hz to
56 Hz in 1-minute sweeps. Hold for 10 minutes at 55 Hz in each of
the three major axes. All major resonances must be above 55 Hz.

Bench Handling Test (cabinet on and
cabinet off)

MIL-STD-810D, Method 516.3, Procedure VI (MIL-T-28800D,
Paragraph 4.5.5.4.3).

Transportation

Packaged Vibration Test

Meets 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..

@performance requirement not checked in manual.
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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 (19.5 Ib).

With Power Cord

7.9kg (17.3 Ib).

Shipping Weight (domestic)

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 (6.44 in).

Width (with hanale)

362 mm (14.25 in).

Depth
With Front Cover On

445.3 mm (17.53 in).

With Handle Extended

521 mm (20.53 in).

Cooling Forced air circulation; no air filter.
Finish Tek Blue, finish painted on pebble-grain aluminum cabinet.
Construction Aluminum alloy chassis. Plastic-laminate front panel.
RACKMOUNTED INSTRUMENT
Weight
With Power Cord 10.0 kg (22.0 Ib).
Shipping Weight

Domestic {includes manual) 14.2 kg (31.3 Ib).

Overall Dimensions See Figure 1-3, dimensional drawing.

Height
Overall 168 mm (6.6 in).
Center of Mounting Rail to 89 mm (3.5 in).
Bottom of Cabinet
From Cabinet Top or 38 mm (1.5 in).

Bottom to Respective Front
Panel Mounting Holes

Between Front Panel

102 mm (4.0 in).
Mounting Holes
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Table 1-3 (cont)

CHARACTERISTICS DESCRIPTION
Overall Dimensions (cont)
Width
Overall 483 mm (19.0 in).
Between Mounting Hole 464 mm (18.3 in).
Centers
Between Outer Edges of 427 mm (16.8 in).
Mounting Rails
Between Handle Centers 450 mm (17.7 in).
Depth
Overall 516 mm (20.35 in).
Front Panel to Rear of 465 mm (18.3 in).
Mounting Rail (inside)
Front Panel to Rear of 472 mm (18.6 in).
Mounting Rail (outside)
Handles 44 mm (1.75 in).
Required Clearance Dimensions
Height 2178 mm (7 in).
Width 2 448 mm (17-5/8 in).
Depth 2 508 mm (20 in).
Cooling Forced air circulation; no air filter.
Finish Tek Blue finish painted on pebble-grain aluminum cabinet.
Construction Aluminum alloy chassis, front-panel frame, and rear support.
Plastic-laminate front panel.
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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 instrument.

Refer to the Safety Summaries at the front of this manual
for power source, grounding, and other safety infor-
mation about the use of the instrument. Before con-
necting the 2247A to a power source, read this section
and the Safety Summaries.

LINE VOLTAGE AND POWER CORD

The 2247A operates on line voltages from 90 to 250 V
with line frequencies ranging from 48 to 440 Hz. No line
voitage selection is necessary. Instruments are shipped
with the power cord that was requested on the order. The
power cord must match the power-source outlet; if it
does not, contact your Tektronix representative or local
Tektronix Field Office. See Figure 2-1 for optional power

cords available.
WARNING

For electrical-shock protection, insert the
power piug into a power-source outlet that has
a properly grounded protective-ground
contact.

The detachable three-wire power cord has a three-
contact plug for connection to the power source and the
protective ground. The power cord is held to the rear
panel by a clamp. The protective ground contact on the
plug connects (through the power cord protective-
ground conductor) to the accessible metal parts of the
instrument.

LINE FUSE

This instrument can be damaged if the wrong
line fuse is installed.

Plug
Configuration

Power Cord/ Line
Piug Type Voltage

Reference

Option Standards P

2T ANSIC73.11
us. us. 120V NEMA 5-15-P
w \>3 std. 120V IEC 83

UL 198.6

oA CEE(?).
Q EURO 1, WV, Vi
& 3"\ At 220V 220v IEC'83
N DN IEC 127
BS 1363
A2 UK 240v IEC 83
240v [EC 127
7
' , A3 Australian 240V AS C112
/X 240V IEC 127
e North ANSI C73.20
&’\ Ad American 240V NN e
240V
NG UL 198.6
A5 Switzerland 200V SEV

220V IEC 127

2 A 6A, type C fuse is also instalied inside the plug of the Option A2
power cord.

b Reference Standards 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 Conunission

NEMA — National Electrical Manufacturer’s Assoclation

SEV - Schwelzervischer Elektrotechnischer Verein

UL~ Underwriters Laboratories Inc.

Figure 2-1. Optional power cords.

Verify the proper value of the power-input fuse with the
foliowing procedure:

1. Disconnect the power cord from the power-input
source.

N

Press in the fuse-holder cap and release it with a
slight counterclockwise rotation.

3. Pullthe cap (with the attached fuse inside) out of the
fuse holder.
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4. Verify proper fuse value.

5. Install the proper fuse and reinstall the fuse-holder
cap.

INSTRUMENT COOLING

To prevent instrument damage from overheated com-
ponents, make sure the internal airflow is not blocked.
Before turning on the power, check that the ventilation
holes on the bottom and side of the cabinet are not
covered. After turning the instrument on, check that airis
being exhausted from the right-side ventilation holes.

START-UP

When the power is turned on, the instrument does a self-
diagnostic check. If the instrument does not turn on and
operate normally, turn power off and then on again. If the
instrument still does not turn on properly, the TRIGGER
MODE LEDs may be flashing to indicate the circuit
location of a start-up error. Refer to Troubleshooting in
the Maintenance section of this manual for an expla-
nation of the start-up error codes.

2-2

When the 2247A is turned on, a self-cal routine may run
to set the voltage- and timing-measurement constants.
The power-on self cal runs only if the stored constants
have been lost, possibly due to a dead memory back-
up battery. The following warning message will be dis-
played for 5 seconds: “WARNING PROBABLE BATTERY
FAILURE TURN OFF AND ON TO VERIFY.” The instru-
ment can still be used for accurate measurements by
running the SELF CAL MEASUREMENTS routine 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-select buttons to
access the Service Menu; then select SELF CAL
MEASUREMENTS and press RUN to start the routine. On
completion of the SELF CAL routine, select QUIT from
the Service Menu or press the CLEAR DISPLAY button to
return to the normal oscilloscope mode.

DETAILED OPERATING INFORMATION

For operating information about specific instrument
functions, refer to the 2247A Operators Manual.
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THEORY OF OPERATION

SECTION ORGANIZATION

This section contains general and detailed descriptions
of the 2247A 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 com-
ponents and interconnections between 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 functionail 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 schematic 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 indi-
vidual 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
graphictechniques 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 Figure 3-1. It
is provided as an aid in understanding the overall
operation of the 2247A Oscilloscope circuitry before
individual circuits are discussed in detail. The Simplified
Block Diagram illustration shows the basic inter-
connections 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 connectors 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: 0.1V per division and 0.5 V per
division.
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Figure 3-1. Simplified block diagram.
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Simplified block diagram (cont).
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Scaling of the Channel 1 and Channel 2 signals is done
by a series of switchable attenuators that provide either
no attenuation, X10 attenuation, or X100 attenuation of
the input signal. A low-impedance attenuator following
an input signal buffer produces X1, X2, and X5 attenu-
ation 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; input attenuation
of the signal is fixed. The gain choices for Channel 3 and
Channel 4 are selected by the choice of Vertical Pre-
amplifier gain setting only.

The Measurement Processor controls the operation of
much of the switchable circuitry of the 2247A via a com-
mon shift register data line (SR DATA). Data bits loaded
into the attenuator control and gain shift register (desig-
nated SRO) set the magnetic relay switches for the input
coupling and attenuator settings and select the gain set-
tings 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 controlled by the
Display Sequencer (U600, Diagram 4). Preamplifier gain
settings are controlled by the Measurement Processor
via control bits loaded into the attenuator control and
gain shift register (Diagram 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 preampilifier are connected
to a summing node at the input to the Delay-Line Driver.
There, the signal current (from the enabled Pre-
amplifiers) and the no-signal standing currents (fromthe
disabled Preamplifiers) are added with the current from
the position signal switching circuit.

The signal current for the enabled channel (vertical chan-
nel 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 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
signal may be viewed.

From the output of the delay line, the signals are applied
to the Vertical Output integrated circuit. The Vertical
Qutput IC (U701) has provisions for vertical BEAM FIND
and bandwidth limiting. External filter elements on the
Vertical Output IC produce the bandwidth limiting when
switched into the amplifier circuitry. The output signal
from U701 is then applied to the Vertical Output Amplifier
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. Its purpose is to measure the
gains and offsets during SELF CAL to determine the ver-
tical 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 selec-
tion; trigger level comparison; tv trigger detection; and
dc measurements of the measurement source signal.

Trigger selection signals from the Display Sequencer
(U800, Diagram 4) drive the switching circuitry internal to
U421 and U431. The signals select the correct trigger
source, slope, and coupling choice for the present front
panel control setting. For VERT MODE triggering with
more than one vertical channel displayed, the trigger
source selection changes as each channei 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 trig-
ger 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 seiecting a filter path with the
necessary bandwidth characteristics. NOISE REJ
coupling is done in the Trigger Level Comparator circuit
by decreasing the sensitivity of the comparator.

When the trigger signal level crosses the comparator
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 flexibility that is



needed for using the B Trigger circuitry as the measure-
ment signal channel. Signals are measured by using the
B Trigger Level Comparator as a successive-
approximation analog-to-digital converter to determine
the peaks or dc levei of the applied signal. When making
a measurement, 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 Measurement
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 detec-
tors 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 trigger 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 con-
trolled 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 voitage
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 offy, X-Y signal (X-Y or Y-T displays), and the
VERT COMP ENABLE signal (whenvertical SELF CAL is
done).

DISPLAY AND TRIGGER LOGIC AND
PROCESSOR INTERFACE (Diagram 4)

Two special devices control the display states and the
trigger system. The Display Logic IC (U600, 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 LogicIC. It outputs the A, B, and
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C GATE signals (that start the sweeps and measure-
ments) and the Z-Axis signals (that unblank the cr) 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 U600 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 handies
the serial communications between the serial shift regis-
ters and the Measurement Processor. This circuitry isthe
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. Eachbit is loaded
in succession until all the control bits of a shift register
are loaded.

Shift register U502 permits the Measurement Processor
toread back the outputs of the shift registers for diagnos-
tic 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 respec-
tively) and the Vertical Comparator (VERT COMP) state
are loaded in parallel and serially shifted out onto the MB
RETURN lineto be read by the Measurement Processor.

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 crthorizontal
deflection plates. The Measurement Processor sets the
hardware states using control bits loaded into the sweep
control shift registers. One register (U302) holds the bits
for selecting the A Sweep timing resistors and capaci-
tors 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
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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 delivered
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 Comparator 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 Preamplifier
(U802) 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 Horizontal Preamplifier)
select the horizontal display mode (A Sweep, B Sweep,
readout, or X-Y display). Other control signals to the
Horizontal Preampilifier are the MAG signal (for X10 mag-
nification of the sweep), the RO REQ DLY signal (turns
off magnification during readout display), the BEAM
FIND signal (decreases horizontal gain), and the hori-
zontal position signal for positioning the display. The
X=Y signal controlling U301B reduces the range of the
Horizontal POSITION signal delivered to the Horizontal
Preamplifier when in X-Y display mode.

Five manual adjustments are associated with the Hori-
zontal Preamplifier. They are the X10 and X1 gain, the
Readout gain, the X~Axis signal gain, and Mag Regis-
tration. Mag Registration compensates for offset
between X10 and X1 modes, 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 converted to a
differential output signal. That signal is further amplified
and compensated by the Horizontal Output Amplifier to
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drive the horizontal deflection plates of the crt. The final
output amplifier consists of four 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. AINTEN, B INTEN, and RO INTEN input signals
(from the Dac Subsystem board and the front panel con-
trols) are applied to the Z-Axis circuit to set the
associated display intensities. Enabling gates from
UB02 (Diagram 4) select the appropriate Z-Axis input
signal for application to the Z-Axis ampilifier as the dif-
ferent 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 intensity
and auto focus control voltages are applied to the crt
where they modulate the electron beam flow that pro-
duces 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 POT5-POT7 bus lines
from the Pot Data Latch (Diagram 11). Output from multi-
plexer U506 is routed to the Front Panel Multiplexer
(U2309, Diagram 11) and multiplexed with other front
panel control levels. Qutputs from U2309 are routed to
the A-to-D Comparator (U2306, Diagram 11) where a
digital value representing their analog voltage level is
determined. 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 gen-
erate 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 Signal Source circuit (U931 and an associ-
ated precision voltage divider) provides the accurate dc



voltage levels used during vertical SELF CAL to check
the gain and offset of the measurement channels.

The Scale lllumination circuit is made up of three incan-
descent graticule lamps and current-source transistors.
The SCALE ILLUM potentiometer sets the bias level on
the transistors to control the amount of current to the
lamps.

MEASUREMENT PROCESSOR
(Diagram 8)

Many of the oscilioscope circuitry functions are directed
by the Measurement Processor (U2501). The Measure-
ment Processor, under firmware control, monitors the
front panel controls and sets up the circuitry under its
control according to the settings made and the instruc-
tions contained in the System ROM.

The Measurement Processor communicates directly
with the devices on its eight-bit data bus. The Measure-
ment 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 comesponding 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. Communication 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
control 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 Interface 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 settings, preampilifier gains,
sweep timing, and trigger 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 1o the operating speed
of the Measurement Processor. The front panel switch
closures are read by the Measurement Processor over a
serial communication line (SW BD DATA).
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READOUT SYSTEM (Diagram 9)

The Readout Processor (U2400) controls the display of
text and cursor readouts as directed by the Measure-
ment Processor. The ASCIl 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 (U2406) by the Measurement
Processor. 1t is then up to the Readout Processor to
control the display process.

When the Readout Processor addresses the Character
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 ASCII 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 con-
verted to analog vertical and horizontal position signals
by the readout DACs (U2412 for vertical 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 infor-
mation 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.

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-panei-control physical parameters of
capacitance, leakage resistance, and inductance,
therefore, cannot affect the operation of the controlled
circuit. The wiper voltage of the potentiometers 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
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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 tuming on the LED
(light-emitting diode) that back-lights the push button or
panel label. The Measurement Processor controls 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 Comparator (U2306) in a binary
search pattern to determine the voltage level applied to
the other input of the comparator. The smallest incre-
mental 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.

COUNTER/TIMER (Diagram 12)

The Counter/Timer (C/T) circuitry includes a 10 MHz
crystal oscillator, an external timebase input, slow
counter logic (SCL), fast counter logic (FCL), level
transiators, and a phase-locked loop. The phase-
locked loop consists of a phase-frequency comparator
(PFC), summer, loop filter, voltage-controlled oscillator
(VCO), and a frequency divider (parts of which are in SCL
and FCL).

The Counter/Timer hardware can be configured in three
basic modes:

® Period mode—used for all frequency and period
measurements.

® Width mode—used for WIDTH, GATED WIDTH,
TOTALIZE, and GATED EVENTS.

e Delta-time mode—used for SEC, 1/SEC, and
PHASE when cursors are not used; used for RISE,
FALL and PROPDLY.

Period mode operates as follows: The Measurement
Processor (Diagram 8) sets abit (called ENABLE) in FCL
to tell the Counter/Timer to start counting on the next
trigger edge. When this trigger edge occurs, the BUSY
line goes high to indicate that the C/T has started
measuring, the B counter starts counting trigger signal
periods, and the A counter starts counting periods ofthe
200 MHz TC input signal. After the measurement time is
up, the Measurement Processor sets the ENABLE bit
low. Then the A and B counters stop counting after the
next trigger edge, and the BUSY line goes low (C/T
measurements start and stop synchronously with the
trigger signal). The Measurement Processor then calcu-
lates the period, which will be equal to:

(A count) X (TC period)
(B count)

(TC period = 5 ns)

To display frequency, the Measurement Processor
inverts the above value:

Frequency = Period

When a gated frequency or period measurement is per-
formed, the procedure is essentially the same, except
thatthe C GATE signal is used to arm the C/T instead of
the ENABLE bit (the ENABLE bit is still used, to tell the
C/T when to start arming itself with C GATE ). For each
C GATE interval in which there is a trigger edge (when
the C/T is enabled), the BUSY signal will toggle high;
BUSY then toggles low on the first trigger edge just after
the end of C GATE.

Width mode works about the same as period mode,
except that the A counter only counts when the trigger
signal is high (in addition to the C/T being enabled, etc.).
Width of the trigger signal is calculated the same way as
period.

In gated events measurements, the C counter counts the
number of times C GATE occurs during the measure-
ment, while the B counter counts the total number of
trigger edges that occurred inthe C GATE interval. The
averaged event count (number of edges that occurred in
one C GATE interval) is:

(B count)
{C count)



In delta-time C/T measurements, all three count chains
are used. To start a measurement, ENABLE is set high
by the Measurement Processor. When a Delay Select
(DS) positive edge occurs, the C/T starts measuring the
delay intervals (times from A GATE leading edge to
B GATE leading edge). When DS is high, the A counter
accumulates TG periods occurring during the first delay
interval (reference delay), and when DS is low, the B
counter accumulates TC periods occurring during the
second delay interval (delta delay). The C counter
accumulates the number of times that BUSY went highto
low; this count, divided by two, equals the total number
of delta time intervals averaged during the measure-
ment. When ENABLE is set low, the next DS positive
edge will cause the measurement to end. The deltatime
value will be:

(B count - A count) X (TC period)

[go count)]

2

DAC SUBSYSTEM (Diagram 13)

The DAC Subsystem circuit, under control of the
Measurement Processor (Diagram 8), converts digitized
front panei control voltages to analog voltages that are
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used to control individual circuits. The digital control
voltages may be either from the front panel potenti-
ometers or from the Store/Recall or Autoset operations.

Processor U2601 refreshes D/A converter U2602 and
directs multiplexers U2604, U2605, and U2303 (Diagram
11) to output front panel control analog levels to the
circuitry to be controlled.

POWER SUPPLY (Diagram 14)

The low and high voitages required to power the 2247A
are produced by a high-efficiency, switching power
supply. Input ac voltage from S0 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 low voltage power
requirements of the instrument.

High voltage to drive the crt is generated by a multiplier
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 an isolated secondary
winding from the power transformer 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 schematic
diagram are arranged identically. Only Channel 1 circuit
numbers are referred to inthe discussion. CH3 and CH 4
are also arranged identically to each other and
described separately from CH 1 and CH 2.

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 signal; 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 oscilloscope operation or a
test voltage input for characterization during vertical
SELF CAL. With the Input Coupling set to GND (both AC
and DC off), the signal path is bypassed by C113. That
capacitor filters any noise fromthe 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 multi-
plexer (U506, Diagram 7) where it is selected to be digi-
tized in turn with the other probe-code signals and the
front panel potentiometers. The Measurement
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/DIVreadout is then switched to reflect the correct
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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 hybrid attenuator, AT117.
Signal attenuation is done by two 10X attenuator sec-
tions; for 100X attenuation, the two sections are cas-
caded. The 1 MQ termination resistance at the output of
the attenuator is divided into two parts: 750 kQ and
250 k. An output taken across the total resistance is
applied to the buffer amplifier fast-path input; another
output taken across the 250 k() section is applied to the
slow-path input. Low-frequency compensation for the
hybrid attenuators is adjusted by C10 and C11 (part of
the hybrid circuitry 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 also 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. The
amplifier presents a low output impedance to the low-
impedance attenuator at its output. The switchable low-
impedance, voitage divider network of U112 provides 1,
2, and 5 times attenuation of the output signal for appli-
cation 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 attenuator, AT117.
Internal circuitry of U112 isolates the signal from loading
by the low-impedance attenuator and provides the
slow-path and fast-path signal ampilification. 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 () input impedance to the low-impedance
attenuator, and the preamplifier sees a 75 Q output
impedance at pin 8 of U112 for all VOLTS/DIV switch
settings.
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Attenuator and Vertical Gain 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 register 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.

While the control bits are being loaded into the shift
registers, the circuit of Q171, CR171, C173, and R175
(on pin 1 of U171 and U172) holds the output latches of
the registers in their old states. When the SRO CLK stops
changing, C173 is allowed to charge high again, and the
new data is latched to the output pins of the registers. All
the relays are switched to their new states at that time.

CH 3 and CH 4 Input Amplifiers

The CH 3 and CH 4 input buffer amplifiers are identical
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 com-
ponents in CH 4 do the same job.

From the gate of Q131A, diode CR131 provides protec-
tion from negative overvoltages exceeding about -8 V.
Input C is adjusted by C134 for low-frequency compen-
sation. High-frequency response is compensated 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 Preampilifier. The impedance
seen by the other differential input of the Preamplifier
(U230, pin 8, Diagram 2) is matched by the paraliel
combination of R158 and C159 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 signals. The
VOLTS/DIV readout for Channel 3 is switched to
correctly match the probe attenuation factor (when
properly coded probes are used).



Table 3-1
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Shift Register 0 Bit Assignment

Pin Signal Controls
U171
4 CH 1 GND K101 —CH 1 GND Coupling (last bit)
5 CH1AC K100—CH 1 AC Coupling
6 CH1X101 K102—CH 1 X10 Attenuator 1
7 CH1X102 K103 -CH 1 X10 Attenuator 2
14 CH 1 X1 K105—CH 1 X1 Buffer Attenuation
13 NOT USED No connection
12 CH1X5 K104 —CH 1 X5 Buffer Attenuation
11 CH 1 PREAMP 1 U210—-CH 1 Preamplifier Gain
U172
4 CH 1 PREAMP O U210—CH 1 Preampilifier Gain
5 CH2GND K108 —CH 2 GND Coupling
6 CH2AC K107 —-CH 2 AC Coupling
7 CH2Xi01 K109 —CH 2 X10 Attenuator 1
14 CH2X102 K110—CH 2 X10 Attenuator 2
13 CH2 X1 K112—CH 2 X1 Buffer Attenuation
12 NOT USED No connection
1 CH2 X5 K111 —CH 2 X5 Buffer Attenuation
U173
4 CH 2 PREAMP 1 U220 CH 2 Preamplifier Gain
5 CH 2 PREAMP 0 U220 - CH 2 Preamplifier Gain
6 CH 2 INVERT U220 —CH 2 Preamplifier 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
11 RO FREEZE U509C — Controls Readout for SELF CAL
(first bit loaded)

3-11



Theory of Operation—2247A Service

Table 3-2

CH 1 and CH 2 Attenuator and Gain Control Bit States

VOLTS/DIV X101 X102 X1 NC X5 PREAMP1 PREAMPO
2mv 1 0 1 0 0 0 0
5mV 1 0 1 0 0 0 1

10 mv 1 0 1 0 0 1 1
20 mv 1 0 0 1 0 1 1
50 mv 1 0 0 0 1 1 1
100 mV 1 1 1 0 0 1 1
200 mV 1 1 0 1 0 1 1
500 mV 1 1 0 0 1 1 1
1V 0 1 1 0 0 1 1
2V 0 1 0 1 0 1 1
5V 0 1 0 0 1 1 1
Table 3-3 Table 3-4
Input Coupling Control Bit States CH 2 INVERT Control Bit
Coupling GND AC Setting CH 2 INV
GND/CAL 0 1 Normal 0
AC 1 1 INVERT 1
DC 1 0
Table 3-5
CH 3 and CH 4 Gain Control Bit
VOLTS/DIV PREAMP1
0.1V 0
o5V 1
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VERTICAL PREAMPS 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 Measure-
ment Processor U2501 via the assigned control bits from
Shift Register O (see Table 3-2). Channel 1 and Channel
2 require two control bits (on pins 1 and 2 of the Pre-
amplifiers) to set three different gains for2mv, 5mV, 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 setto 10 mV per division. The 1, 2, 5 scaling sequence
for the remaining VOLTS/DIV switch settings is obtained
by switching the high- and low-impedance attenuators.
Gain of the CH 3 and CH 4 preampilifiers 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 Preampilifier is
matched for the 2 mV, 5mV, and 10 mV gain 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 cali-
brated 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 Multiplexers.
Capacitor coupling from pins 17 and 18to pins 19 and 20
provides a fast-path signal into a duplicate, but levei-
shifted, slow-path signal line. The negative side of the
differential trigger signal is terminated in a capacitor to
ground (from pin 18} to provide a balance for the trans-
mission line.

The VOLTS/DIV VAR controls for CH 1 and CH 2 (R2101
and R2103) directly vary the gain of the Vertical Pre-
ampilifiers 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 verti-
cal signal from a Preamplifier is controlled by enabling
signals (CH 1 EN through CH 4 EN) from Display Logic
IC U600 (shown on Diagram 4). The enabling signal that
tums on a vertical channel signal also enables the
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position signal current for that channel through the Verti-
cal 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 feedback
amplifier. The parallel combination of R250A and R250B
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-colilector junction of the input transistor
(Q250). Gain of the amplifier is set by the value of
common-mode resistor R270 (there is a small dc
voltage gain). if the Vertical Preamplifier and Vertical
Pasition circuit output currents are exactly 11 mA (no
signal and no offsets) the feedback cument is zero.
Some standing feedback current will be present if the
sum of the input currents is not exactly 55 mA. A 1 mA
current change of the input base curent to Q250
produces a 41 mV change at the collector of Q252. The
no-signal dc output voltage from Q252 is +7.5V, 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 dif-
ferential 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 iow-wattage precision resis-
tors). The dc voltage at the bases of Q250 and Q251 is
maintained at 7.5 V by a bias stabilization circuit.
Operational amplifier U260 compares the common-
mode voltage at the junction of R254 and R255 to the
+ 7.5V supply onits pin 3 input. 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 rolloff effects of the delay
line. The three series-rc combinations (C271 and R271,
C272 and R272, and C273 and R273) and capacitor
C274, between the emitters of Q252 and Q253, compen-
sate different frequency ranges to correctly shape the
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circuit response. The series-rc circuit between the
collectors of Q252 and Q253 (C275 and R275) damps
the gain at high frequencies to prevent oscillation.
Impedance matching and input termination of the 75 O
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), a buffer amplifier for the TRACE
SEP signal (U801B), 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 and TRACE SEP controls are applied to the
noninverting inputs of the five voltage-follower buffer
amplifiers (U203A through U203D and U810B). 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 signals
(CH 1 EN through CH 4 EN) from Display Sequencer
U600 (Diagram 4) tum on the appropriate channel
position signal for the enabled Vertical Preamplifier
when displaying waveforms. The nominal positionrange
of the vertical signal is *12 divisions.

When position-dependent readout (labeled cursors that
follow the vertical channel position controls) is dis-
played, 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 ampilifier.
The Readout Position Enable signal lines are tri-stated
(open) during display of the channel signals so that the
Vertical Channel Enable 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 Preampilifier with the
series resistors (R212, R222, R232, and R242) in the
signal path. The vertical position of the enabled vertical
channel is added to the position of the readout so that
the cursors appear at the correct vertical position in the
dispiay.
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When non-position tracking readout is displayed (i.e.,
menus and scale-factor readouts), the vertical screen
position of the readout is conveyed by the RO VERT
signal only. The RO VERT signal is enabled 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 bypassing 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 appropriate vertical
position signal into the summing node at the input to the
paraphase amplifier without turning on a channel Verti-
cal Preamplifier. The gain and offset of the voltage
followers and position switches may then be calculated
independently from the vertical 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 operate
the same as described for the channel enable and
readout position enable signals. A slight difference
between the channel vertical position signals and the
TRACE SEP signal is that TRACE SEP is attenuated
more. The higher value of R206 on pin 13 of U201
reduces the TRACE SEP range to *4 divisions as com-
pared to 12 divisions for the vertical signals.

POSITION PARAPHASE AMPLIFIER. The Position
Paraphase ampilifier circuitry is formed by a transistor
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 ampilifier 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. Feed-
back for the U280C-U280D combination is via R289
from the emitter of Q285. Feedback current in R289 is
100 nA. Both Q284 and Q285 are high beta transistors
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 inverted
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 pre-
amplifiers. Vertical centering of the menu and readout
displays within the graticule area is done using RO VERT
CENTERING potentiometer R260.

Vertical Output Amplifier

Vertical Qutput IC U707 runs hot and can burn
you if touched. The metal tab on top of the
device is NOT ground, itis 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 Ampilifier are termi-
nated 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 intemally switched into the output amplifier
circuitry of U701.

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) provide 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).

Vertical Output 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 comparatively large
capacitance, and to change the voltage as fast as
necessary to deflect the crt beam, the Vertical Output
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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 Preamplifier. The
circuit is enabled only during the vertical self charac-
terization 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.

A AND B TRIGGER SYSTEM (Diagram 3)

Most of the trigger signal switching and trigger level
comparator circuitry is contained on two integrated cir-
cuit 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 contro! 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 Shift 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 measurements cannot
be done in ALT or B Horizontal Display Modes when the
B Trigger circuitry is in use.
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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 selec-
tions 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 triggered 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 sig-
nal (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 channe!
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 characteristics 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 composite video signal is
separated so that the horizontal line or vertical field sync
pulse can be used to trigger the oscilloscope for Tele-
vision signal display (see TV Trigger Detector descrip-
tion). Selection between LINE or FIELD for the A Trigger
source is done by multiplexer U1104A with its output
being applied to pin 19 of U421B. Pin 19 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.

MEASUREMENT SIGNAL LOW-PASS FILTER. The
average dc level of a signal is obtained for measurement
by filtering the measurement channel signal to remove
all but the dc component of the signal. An 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 19) 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 components), but can be
selected independently of the SCOPE BW front panel
setting (by the Measurement Processor using the BW
FULL B signal). The B Trigger Bandwidth Limit is used
during DC VOLTS measurements when the remainder of
the system is in full bandwidth. 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 Shift 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 tums off Q444 and dis-
connects C444 from ground. The purpose of C444 is to
act as part of an LC filter that rolls 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 tums 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.
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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 o 0 1 0 DC Coupled
NOISE REJ 1 0 1 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
A Trigger Comparator triggering on signals accompanied by normal noise.

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 is set using the front panel
Trigger LEVEL control. A fixed amount of hysteresis in
the A Trigger Level Comparator prevents double

NOISE REJ coupling increases the hysteresis by a factor
of four to reduce the Comparator’'s sensitivity to noise if
triggering on very noisy signals is required. Once a level
state change occurs, a larger change in the opposite
direction is required (because of the circuit hysteresis) to
reverse the state change. The differential output of
U421C is buffered by U442 and applied to the Trigger
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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 Trigger
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 1 from ground. The
biasing combination of R476 and R486 betweenthe -5V
supply and ground reduces the hysteresis of the B
Trigger Comparator to zero. A small incremental change
in signal level to the comparator will then cause it to
change output states. The B REF TRIG LVL signal on pin
25 of U431C is driven in a binary search pattern by the
Measurement Processor (via the DAC System) while
monitoring for state changes at the output. The smallest
incremental input change of the B REF TRIG LVL that pro-
duces an output change then defines the voitage point
being measured (+ PEAK, -PEAK, or DC). When peak-
to-peak voltage measurement is done, the Measure-
ment Processor merely measures one peak voltage of
the signal, then the other.

The output of the B Trigger Level Comparator is buffered
by U442A and applied to the B Trigger input of U602
(Diagram 4) via delay line DL22. The 18 ns delay in the B
Trigger signal path allows time for the Delay Time
Comparator signal to enable the B Trigger System so
that the B Sweep can be triggered on the same signal as
the A 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 sig-
nal and the DC measurement signal voltage (U1106C).

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

MAG: Controis the X10 Magnification function of the
Horizontal Output Preamplifier (U802, Diagram 6).
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VERT COMP EN : Tumns on the Vertical Comparator
(U702, Diagram 2) during voltage self characterization.

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

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

BW LIMIT : Switches between full and limited A Trigger

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.

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

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

TV Trigger Detector

INPUT AMPLIFIER. The signal at pin 20 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
ofthe X-AXIS signalto about 5 MHz for application tothe
Horizontal Preamplifier (U802, Diagram 6) and to the TV
Trigger Detector circuitry. Operational amplifier U1101A
provides jow-pass gain of the applied compaosite 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 composite
video signal. Those peak 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 selects the correct sync polarity
for the applied signal, the middle of the synctips is atthe
threshold level of the comparator. The output of the
comparator then switches only on the sync tips of the
applied signal. The peak detectors are complementary
in that the positive-peak detector transistors (Q1101,
Q1102, and Q1103) and the negative-peak detector
transistors (Q1104, Q1105, and Q1106) are comple-
mentary 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 composite 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 com-
pares 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 U1104C 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 determine when the verti-
cal field sync signal is present. The time constant of the
filter elements is such that the line sync pulses between
vertical fields 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
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ground and switch the output state of U1102B. That sig-
nal 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
U1104C 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 Shift Register (U1103).

DISPLAY AND TRIGGER LOGIC AND
PROCESSOR INTERFACE (Diagram 4)

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

The microprocessor interface of UB00 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
internal 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 is
625 kHz, with a blanking time of about 200 ns.

The readout interface circuit responds to the readout
request and readout blanking inputs, and generates a
blanking signal (BLANK, pin 18) to control the Z-Axis
Amplifier enabling signals from U602. The chop
blanking signal also gets routed through this circuit.
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Pin Description A3-AQ) to be presented on the DIO pin for transfer to
the Measurement Processor.
The following is a description of Display Sequencer

U600 pin functions (see Figure 3-2 for pin numbers). WR: Write enable input (active low). A negative-
going pulse on this pin performs actions described

in the Table 3-7.
e —— SOUT: Strobe output pin (active low). When A3, A2,
— e Voo e A1, and AO = 1111, SOUT goes low when the WR
2 ag pin is pulled low. Otherwise, SOUT is always high.
———1 LFC CH 1 EN p—
3 o 38 A3, A2, A1, AO0: Address inputs. The
4 R CH 2 EN 37 ADDRO-ADDRS3 selection bits are latched from the
—»§ AO CH 3 EN |—» Measurement Processor address bus by U2512,
5 36 Diagram 8.
—] Al D CH4EN}pP—>
—6— A2 é MGE -3—5.. A GATE: A Sweep Gate input (active low).
7 — | 34
s. A3 E ZEN 33 . B GATE: B Sweep Gate input (active low).
9 RD A ATS 2 32 TC: Timing clock input.
~——=1 DIO Y ATS 1 ——»
10 31 LFC: Low-frequency clock input. A signal derived
i BES S ATS O from the calibrator circuit is used for skewing the
. E  ascore 22 o chop-clock phase.
2 | — Q — . .
=—1— ROB U BTS 2 ﬁ—— ROR: Readout request input (active low). A low
13 5 BATE E T 28 causes the CH 1 EN, CH 2 EN, CH 3 EN, CH 4 EN,
a1 N BIS 1 a7 " HD1, HDO, and TS outputs to all go low, and allows
——»3 A GATE C BTS 0 the ROB input to have complete control of the
15 £ 26 BLANK output. If ROB is low when ROR goes low,
A R g B SLOPE e then the internal timing will be such that the BLANK
~+——3 OSCRST (SLIC) oS —» output will go high quickly enough to blank the dis-
17 24 play before switching transients can be shown on
- 5 THO HDO - > screen (see the detailed description of the readout
<—J BLANK HD1 —> interface).
19 | —— 22 _
~=——¢ SOUT T8 F——» ROB: Readout blank input (active low). During
20 === [ 21 readout active time (ROR=Iow), the ROB input is
L Vs TEST | inverted and sent o the BLANK output.
6051.0418555.31 OSC OUT: The external holdoff oscillator output
oo drives this pin. A falling edge causes the internal

Figure 3-2. Display Sequencer IC (SLIC, U600) pin holdoff counter to increment.

out diagram. OSC RST: Oscillator reset output. Internal logic
. . s causes this output to go high to discharge the
DIO: Data IO pin. This pin is tied to the Measurement external holdoff oscillator timing capacitor at the

Processor MB DATA line. Data to be clocked into
the controi register is presented here, and status
data can be read out on this pinwhen the RD input is
low. See Table 3-7. CH 1 EN: Channel 1 enable output (active high).

end of holdoff (see detailed description of the
holdoff timer operation).

TDI: Trigger data input pin. When A3=A2=1, data CH 2 EN: Channel 2 enable output (active high).
on this pin is sent to the DIO pin (when RD is low).

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

RD: Read enable input (active low). Bringing this
pin low causes internal status data (selected with CH 4 EN: Channel 4 enable output (active high).
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Table 3-7
Display Sequencer (U600) Control Bit Assignments

A3 A2 At AO 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-detect 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 () Sets THO output Hi (k)

1 1 0 0 TDI data (see description of TEST input)

1 1 0 1 TDI data (see description of TEST input)

1 1 0 TDI data Sets norm B Source/Siope/Delay (l)
1 1 1 1 TDI 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. ltinitializes the display sequencerback tothe first display state {RAM address 000). in ALT VERT Mode, all vertical enable, horizontal
enable, and trig source outputs areinitialized. iIn 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 Siope output high; a rising edge on WR with DIO = 0 sets the A Slope output low.
{h) Used for device testing only.

() Arising edge on WR with DIO = 1forces the B1 Trigger Source, the B1 Slope, and sets the DS output high; arising edge on WR with
DIO = 0 forces the B2 Trigger Source, the B2 Siope, and sets the DS output low.

(i) Arising edge on WR with DIO = 1 farces the B SLOPE output high; a tising edge on WR with DIO = 0 forces the B SLOPE outputiow.
This forcing function takes precedence over the force B1/B2 Source/Slope/Delay feature described in note (i) above. This forcing func-
tion is canceled by applying a negative strobe to the WR input with the address = 1110.

(k) Arising 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 out-
puts. These bits either correspond to three bits of the
control register, or they track with the vertical chan-
nel enable outputs (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.

Table 3-8
A Trigger Source Select Bits
ATS2 ATS1 ATSO SOURCE

0 0 0 CH1
0 0 CH2
0 1 0 CH1+ CH2
0 1 1 CH3
1 o 0 CH4
1 0 1 Line

A SLOPE: A Trigger slope output.

BTS 2, BTS 1, BTS 0: B Trigger Source Select out-
puts. 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 Ver-
tical MODE). These outputs normally change state
ontherising 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 corre-
spond 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 output is set
to either one of two bits in the control 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 outputs.
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.
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Table 3-9
Horizontal Display Mode Select Bits
HD1 HDO SOURCE
0 0 Readout displayed
0 1 A Sweep displayed
1 0 B Sweep displayed
1 1 X-Y mode

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 highto
enable trace separation; 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
alow state. Also, the ZAP control bit has no effecton
MGE.

THO: Trigger hoidoff output (active high). Outputs
the variable holdoff pulse. In single sequence
mode, this output wil! 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
Measurement Processor interface.

BLANK: This output is controlled from three
sources. Atthe 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 ROR is
low, chop blanking is automatically inhibited).
Lastly, this output may be forced high via the
Measurement Processor interface.
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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, AC = 1100 allows a negative-
going pulse on WR to reset only the control
register.

4. A3, A2, A1, A0 = 1101 allows a negative-
going pulse on WR to preset control register
bits B1-B6.

Control Register Description

Theory of Operation—2247A Service

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 sighal 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 tran-
sitions on the WR input. Bit number 26 is the most-
significant bit position of the internal shift register.

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 ACt
4 ZAP RD2 ACO
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

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, A0 = 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, Af,
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 counter to 000. See the Display
Sequencer detailed description to find out what the
RAM outputs do.

The RD5-RDO bits also go to the inputs of an intemal
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-ACO0: The A Trigger coupling select bits.
BC3-BCO are the B Trigger coupling select bits. To
write these bits into the trigger coupling circuits, the
Measurement Processor loads the control register
as follows: Bits 1, 2, 3, and 4 are set to AC3, AC2,
AC1, and ACOrespectively. Bits 5, 6, 7, and 8 are set
to BC3, BC2, BC1, and BCO respectively. The RAM
load mode is enabled and THO is strobed once (or
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RESET is strobed once while THO is high). At this
point, output pins ATS2, ATS1, ATSO, and A SLOPE
are setto AC3,AC2, AC1, and ACOrespectively; and
output pins BTS2, BTS1, BTS0, and B SLOPE are set
to BC3, BC2, BC1, and BCO respectively. 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 nommal 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

AS2 AS1 ASO SOURCE
0 0 0 CH 1
0 0 1 CH2
0 1 0 CH1+ CH2
0 1 1 CH3
1 0 0 CH4
1 0 1 Line
1 1 0 -
1 1 1 VERT MODE

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 encoding for
the A Trigger SOURCE select bits.
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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. Selection between B1 SOURCE
and B2 SOURCE is nomally made with the DS
(delay select) output signal. DS = 1 selects B1, and
DS = O 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
ofthese 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.

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)

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

HO Count Length

H4 H3 H2 H1 HO Count Length H4 H3 H2 H1

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

2 strobing RESET presets the holdoff counter to 499999 to simplify testing.

DD: Duai-delay control bit. DD = 1 for dual delay CBEN: Chop blank enable bit. CBEN = 1 allows the

(delta time), and DD = 0 for single delay. chop blanking signal to be passed out the BLANK
output pin (when ROR is high); CBEN = 0 inhibits

SSE: SGL SEQ enable. SSE = 1 for single chop blanking.
sequence mode or O for repetitive mode.

. Display Sequencer Operation
B ENDS A: B ends A enable (active high).

The internal RAM is programmed for the desired vertical
H4, H3, H2, H1, HO: Holdoff time. Encoded as in channel display sequence, for both CHOP and ALT
Table 3-14. With the TEST pin held high for normal Vertical Modes. In ALT mode, the RAM also controls the
operation.) horizontal display control outputs. In CHOP mode, the
RAM still controls the vertical channel displays, but

different logic controls the horizontal display selection.
FSEL: Chop frequency select bit. With 10 MHz on

the TC input pin, FSEL = 1 provides a chop
frequency of 625 kHz; FSEL = O produces 1.25 MHz RAM data bits RD5S, RD4, and RD3 are programmed fora
(625 kHz is used). particular channel display (see Table 3-15).
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Table 3-15
Display Sequencer Channel Select Logic Bits

RD5 RD4 RD3 Channel
0 0 0 CH1
0 0 1 CH2
0 1 0 CH1+ CH2
0 1 1 CH3
1 0 0 CH4

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), otherwise 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 Verical 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 chan-
nel(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 chan-
nels displayed. In this mode, HD1 and HDO auto-
matically 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 Hori-
zontal Mode.

In ALT Vertical Mode, the vertical and horizontal dispiay
enable outputs are initialized as follows: the trigger
holdoff output is forced high (via the processor inter-
face), RESET is strobed, then trigger holdoff is reset to
allow sweeps to occur. This procedure ensures that the
display enable and trigger source outputs are initialized
to the first state of the programmed display sequence.
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In CHOP Vertical Mode, the leading edge of the chop
blanking pulses advance the vertical display enable out-
puts. 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 hori-
zontal 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 horizontal 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 immediately, and go low after the programmed
number of holdoff oscillator cycies. 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 inactive, 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
atpin 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 oscillation 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 Dispiay Response
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Delay HORIZONTAL CONTROL SIGNAL OUTPUTS
and Readout Inactive (ROR = 1)
Vertical i Readout
Modes Signal Horizontal Modes (HM1 HMO)
Active
Names _Act
A Only A AR B B Only XY |(ROR = 0)
DD [ VM1 | VMO (00) ©1) (10) (11)
NSSS (a) 1 2 1 () ©
0 0 DS HI Hi Hi HI (©)
or HDO HiI @ HI LO LO
0 1 HD1 LO HDD Hi Hi LO
TS LO HD1 LO LO LO
NSSS (a) 2 4 2 (b) ©
0 0 DS ) ©) ) LO ©
or HDO HI (d) LO HI LO
0 1 HD1 LO HDO Hi Hi LO
TS LO HD1 LO LO LO
NSSS (a) ) () () (b) (©
DS Hi Hi Hi Hi (c)
1 0 HDO HI @ LO HI LO
HD1 LO HDO HI Hi LO
TS LO HD1 1O LO LO
NSSS (a) © (@ (@ ) ©
DS Hi HI HI HI ©
1 1 HDO HI ) LO HI LO
HD1 Lo RDO HI Hi LO
TS LO HD1 LO LO LO
NSSS (a) 0 0 0 ) ©
DS () ) () 0 ©
1 0 HDO Hi (h) LO Hi LO
HD1 LO HDO Hi Hi LO
TS LO HD1 LO LO LO
NSSS (a) @ @ (9) (b) (©
DS (M) () ) ) ©
1 1 HDO HI ) LO HI LO
HD1 LO HDO 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 atfected 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.

{9) 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.
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Sweep Gate Detection

The Display Sequence IC (U600) also contains sweep
gate detect latches that can be read out andreset viathe
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 inter-
val. 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 pro-
duce 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 controiled 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 verti-
cal 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 (trace separation), and vertical channel
enables (CH x EN) is shown in Figure 3-3.

ROR \
b1

/

W

b}

—xC
BLANK /
HDx, TS \\\\
53

AN
/e

LS Y

CH x EN \
o

A8

{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 functions
are: A Sweep control, B Sweep control and measure-
ment 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 information about the
state of the A Trigger. The B Sweep logic interfaces to
the Delay Time Comparators (Diagram 3) and generates
the B Sweep gate (B GATE) and measurement gate sig-
nals. 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 foliowing 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/Timer busy signal.

ATRIG: A Sweep trigger input.

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

THO: Trigger holdoff input from the Display Logic IC.

SIN: Strobe input. Latches data into the internal
register. Active low.

A1, AQ: Address inputs. See Table 3-17 for
addressing codes.
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1 — 40
Vee SIN pe—-—
2 39
—f BLANK Al po———
3 38
——4 HD4 A0 fpt—
4 37
——4 HDO EOBRS ft———
5 — 36
—— =1 ZEN pLY412 fpt——
6 —_— 35
————=4 BUSY T DLY2 je——
7 R 34
—1 A TRIG I B TRIG pe———
8 G —_— 33
—=§ EOCAS G MGE je¢—r
2] E 32
——»=4 THO R DS jea——r
10 314
—] V. L Vee ft—
11 0 30
NC ¢] TDO fF—»
12 1 29
— 4 DATA C MSEL ft—
13 28
FLIC
—1 Veoo ( ) Veco [

14 S 27
-«+——oA A GATE C GATE p——»
15 26
NC NC
16 25
—1 Veeo Veeo I -
17 _— 24
- S1 B GATE §——»
18 — — 23
-——F S2 BUB p—»
19 — 22

-«——4 S3 NC
20 8—4 21
- Vee I
6081-06

Figure 3-4. Trigger Logic IC (FLIC, U602)
pin out diagram.

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).
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B TRIG: B Sweep trigger input.

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

MSEL: Measurement selectinput. 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 intemal, control shift
register.

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

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

$3: Crt beam-intensity control output. Turns on the
beam current for the A Sweep intensified zone
displays. Active low.

Sa: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 A0 inputs (see Table 3-17).

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

B: B Sweep unblanking output. Active low.

C GATE : Measurement gate output. Used in gated
measurements to arm the Counter/Timer. Active
low.
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Table 3-17
Trigger Logic IC Addressing Logic

A1 AOQ | Output of TDO pin Action when
SIN Strobed

0 0 | Strobed Volis Latch | DATA clocked
into Control Reg

0 1 [ Auto baseline Latch | Resets Auto base-

line Latch

1 0 [ATrigger Latch Resets A Trigger
Latch

1 1 | 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 = A0 = 0).
Bit 8 receives this data after seven more low-to-high
transitions on the SIN pin. Bit 8 is the msb of the contro!
register. Table 3-18 lists the control signal name associ-
ated with each control register bit.

Table 3-18
Control Register Signal-bit Names

Name

o
=
r—

DMoO

DM1

BRUN

PMO

PM1
ZM0
ZM1

QO IN & | | IN |

ARUN

DM1, DMO: 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 Triggered After delay
mode. BRUN =1 selects RUNS AFTER Mode.

PM1, PMO: These bits select the peak volts detec-
tion mode as shown in Table 3-20.
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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
1 1 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

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

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

A Sweep Logic

When ARUN is high, the A Sweep logic works as follows.
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. Atthe end of the A Sweep
there is a low-to-high transition 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
extermnally 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
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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 tran-
sition 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
(rigger-data out) pin, selected by the A1 and A0
address input pins. That data is applied to the TDI (trig-
ger 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 moni-
tored 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 wili be
allowed to run or trigger immediately 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 sig-
nal 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 tran-
sition 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
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latch will be set, so thatthe DLY12input does notneed 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.
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 negative
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 con-
tinuously. The latch may be reset by strobing the SIN
input with A1 and AO set to 11. The latch output can be
read at the TDO pin with A1 and AQ 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 voitage
measurements. The strobed volts latch consists 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-fiop is read out at the TDO
pin by the Measurement Processor when A1, A0 = 00.
The flip-fiop is reset by strobing the SIN input with A1,
A0 = 11,

Z-Axis Logic

This logic drives the Z-Axis control outputs (§7 - 54).
These outputs have the following control action:

ST Tums on the A intensity current switch (active
low),
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S2 Tums on the B intensity current switch (active
low).

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

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

Table 3-21 describes what the $7 - S4 outputs do as a
function of ZM1, ZM0O, HD1, HDO, A GATE, BUB,
C GATE, BUSY, BLANK, and ZEN.

ECL-to-CMOS Level Shifters

The Trigger Logic IC, U802, is an ECL device. Its output
signai swing is the standard ECL range of about 0.6 V. All
the ECL logic devices in the 2247A are powered from the
+5 V supply rather than a -5 V supply. The resulting
output voltage swing is from about 4.5V to about 3.9V
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 UB03C, Q604, and Q805 (the A GATE translator) is
described.

The single-ended A GATE output signal of U602 at pin
14 is applied to pin 10 of U603C. With its other input pin
left open, U603C is used as a line driver 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 collector of Q604. The collector of
Q605 is connected directly to ground. When the A GATE
output of U602 is high (at 4.5 V), the voltage applied to
the base of Q604 is 4.5V, 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 collector
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 collector 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 generated
by a transistor oscillator circuit composed of Q608,
Y600, and associated components. The frequency of
oscillation is controlled by a ceramic resonator, Y600, in
the feedback path fromthe collector to the base of Q608.
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Table 3-21
Z-Axis Switching Logic

ZM1 ZM0  HDi HDO 3] S2 S3 sS4 Display Mode

0 0 0 0 1 1 1 © Readout
0 0 0 1 ()] 1 (e) 1 A Sweep intensified by BUSY
0 0 1 0 1 (b) 1 1 B Sweep
0 0 1 1 (¢) 1 1 1 XY
0 1 0 0 1 1 1 © 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 (©) 1 1 1 X/Y
1 0 0 0 1 1 1 (b) Readout
1 0 0 1 (a 1 (b) 1 A Sweep intensified by BUB
1 0 1 0 1 (o)) 1 1 B Sweep
1 0 1 1 (c) 1 1 1 XY
1 1 0 0 1 1 1 © Readout
i 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 (©) 1 1 1 X/Y

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

A AND B SWEEPS AND DELAY
COMPARATORS (Diagram 5)

Sweep Control Shift Registers

Two serial shift registers provide the control interface
between the Measurement Processor and the A and B
Sweep circuitry. Control bits loaded into registers 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 capaci-
tor 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 resistor pack R321 are
divided between the two sweep circuits. 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.)

3-33



Theory of Operation—2247A Service

+15 V

-

L e

I L

e U308
R3138, C, D %
U307
L] U304 )0307
O T
—o
FROM ]
SEC/DIV |
VAR +2.5 Voer
+2.5 V |
-
R309 R311 Re
a0 /| <}
@328
CR301 U309B =
—Kl— ——/>¥£
@301
FROM
SWEEP START
P S A RAMP
BASELINE
STABILIZER ;ﬂ??i;
M C3078  N\C307A  340A 3108,

@312

Q305 (d TIMING CAPACITOR

R310 R314

A%
A%

303 < SELECTION FROM
R313A 4306 (E_ uso2

Vv V. V v vV

(6081-07)6367-33

Figure 3-5. Simplified Sweep Circuit.
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SEC/DIV VAR CIRCUIT. Variable sweep speed is con-
trolied by the TIME VAR voltage applied to operational
amplifier U309B. The amplifier controls the current
passing through Darlington transistor Q301 to the
voltage divider formed by resistor pack R313. The
voltages at the taps of the voltage divider set the forward
bias on the charging-current pass transistor, 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 +25V reference and ground
precisely sets the input voltage to the noninverting input
of U308B. 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 volitage to
U309B and, therefore, the current to R313 decreases in
proportion to the amount of rotation of the SEC/DIV VAR
control. A decreasing volitage 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 Aand 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 cur-
rent supplied through R321, U308, Q307 and Q330.
When the slower sweep speeds are selected, additional
capacitors must be switched into the circuitto 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 of Q330
changes as the voltage between the base and collector
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 compensate for the
junction-capacity effect of Q330, transistor Q328 (con-
nected as a diode) is added between the charging
current path and the A Sweep Buffer output. The capaci-
tive current through the reverse-biased junction of Q328
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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.

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 capacitors in the charging path, and a longerramp
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 (as0-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
control the base bias current to Q304 and thereby the
sweep baseline level. Operational amplifier U309A
generates the fixed reference that the baseline voltage
level is compared against. The reference voltage ampli-
fier has a gain of -0.8 (less than one and inverted); and,
with +2.5 V applied to the inverting input and the non-
inverting 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: 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).
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Table 3-22
A Sweep Timing Selections

SPEED ltiming Ciiming as0 as1 as2 as3 as4 as5 Min H.O.
20 ns 2 mA C314/C315 0 0 1 1 1 0 2.0 us
50ns | 800 uA " 0 0 0 0 1 0 2.0 us

100 ns 400 pnA " 0 0 1 0 0 1 2.0 pus

200 ns 200 pA . 0 0 0 1 0 1 20 us

500 ns 80 A ! 0 0 0 0 0 1 2.0 us

182 | 40 pA u 0 0 1 0 0 0 2.0 us
2msa 20 puA " 0 0 0 1 0 0 40 us
5 ps@ 8 uA ! 0 0 0 0 0 0 10 ps
1 us 4 mA C307B 0 1 1 0 1 0 2.0 us
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 us | 400 pA " 0 1 1 0 0 1 20 us

20 ps 200 pA " 0 1 0 1 0 1 40 us

50 us 80 pA " 0 1 0 0 0 1 100 us

100 ps 40 pA . 0 1 1 0 0 0 200 us
200 us 20 uA " 0 1 0 1 0 0 400 us
500 ps 8 pA ! 0 1 0 0 0 0 1.0 ms
ims 4 mA C307A 1 0 1 0 1 0 2.0ms
2ms 2 mA " 1 0 0 1 1 0 4.0ms
5ms 800 pA " 1 0 0 0 1 0 10 ms
10ms 400 pA " 1 0 1 0 0 1 20 ms
20ms 200 pA " 1 0 0 1 0 1 40 ms

50 ms 80 pA " 1 0 0 0 0 1 100 ms

100 ms 40 pA n 1 0 1 0 0 0 200 ms
200 ms 20 pA " 1 0 0 1 0 0 400 ms
500 ms 8 uA u 1 0 0 ¢] 0 0 1s

8used only during horizontal characterization.

A GATE SIGNALS. The A GATE and A GATE signals
are applied via 8.2V zener diodes (VR301 and VR302) to
the bases of Q308 and Q309 in a differential 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
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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 cir-
cuit for Q326 and provides feedback to the base of Q326
that controls the current provided to Q308 while the
sweep is being held at the baseline level.
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Table 3-23
B Sweep Timing Selections

SPEED | timing Ciming bso bst bs2 bs3 bs4
20 ns 2 mA C329/C330 0 1 1 1 0
50 ns 800 pA ! 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 pA " 0 0 0 0 1
1 us 40 pA " 0 1 0 0 0
2 us 20 pA " 0 0 1 0 0

5 us 8 uA " 0 0 0 0 0
10 ps 4 mA C307C 1 1 0 1 0

20 us 2mA " 1 0 1 1 0

50 us 800 pA " 1 0 0 1 0
100 us 400 pA " 1 1 0 0 1
100 ps 200 pA " 1 0 1 0 1
100 ps 80 pA " 1 0 0 0 1

1 ms 40 pA " 1 1 0 0 0
2ms 20 pA " 1 0 1 0 0
5ms 8 uA ! 1 0 0 0 0

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 Vrise across the base-to-emitter junction of Q312)
and fed back to the base of Q303 where it is compared
with the -2 V reference produced by operational ampli-
fier U309A. If the baseline voltage is too low compared
to the output of U30SA, Q303 (the retrace current regu-
lator) is biased 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 con-
trols the gain of Q326 so that the standing current
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 conducts through

Q309 to rapidly pull the base of Q304 down to shut it off.
When the base voltage reaches about -2.7 V, Q333 con-
ducts. That action clamps the base voltage of Q304 (and
the collector voltage of Q309) at that level and prevents
Q3089 from saturating so that it will have a short tum-off
time when the sweep ends.

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
Comparators. When the ramp level reaches the com-
parison 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
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conducts. This biasing conditions disables the feed-
back 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. Atthe end of the sweep, the gate sig-
nals 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 littie below the baseline voitage level. That retrace cur-
rent is regulated by Q311 and Q326 to produce a rapid,
yetrate-controlled retrace. At the point of the fall in feed-
back voitage where Q303 starts to turn on, base current
becomes available to Q304 to turn it on, and the feed-
back loop that stabilizes the voltage at the baseline level
again becomes active.

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 is a high-impedance source
follower driving emitter-follower Q312. The output signal
from the emitter of Q312 is applied to the Delay Time
Comparators and 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 are done. The Trigger LogicIC
then switches the states of the A GATE or the B GATE
signal (as appropriate) to reset the sweep circuitry to its
baseline level.
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G304
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BASE T~y - —
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|
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|
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Figure 3-6. A Sweep Start circuit waveforms.
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Delay Time Comparators

Whenthe A Sweep ramp runs, its amplitude is compared
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 starting at the first (reference)
delay setting.

The differential output of the second delay comparator 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. The DLY
END 1 signal identifies the end of a gating interval when
gated measurements are running.

Delay Time Switching

The DELTA DELAY and REF DELAY voltage level are
applied to multiplexer U301C from the DAC circuit. The
Measurement Processor established those voltages
based on the settings of the CURSOR/TIME POSITION
controls made by the user from the front panel. The DLY
SEL signal determines whether the REF DELAY or
DELTA DELAY will be used to drive DLY END 0.

HORIZONTAL OUTPUT AMPLIFIER
(Diagram 6)

Horizontal Preamplifier

Horizontal Preampilifier IC U802 converts single-ended
horizontal signals (A sweep, B sweep, horizontal
readout, and X-Axis) into differential outputs to drive the
crt horizontal deflection plates. The horizontal pre-
amplifier signals are selected by the HDO and HD1 logic
signals from Display Sequencer U600 on Diagram 4.
Magnified sweep, beam find, horizontal positioning, and
horizontal gain adjustments (X1 and X10) are providedin
U802 and associated components.

Theory of Operation—2247A Service

The function of each pin of U802 is as follows:

RO (Pin 1): RO HORIZ. Input for horizontal com-
ponent of the readout display.

GA1 (Pin 2): Adjustment of R826 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. Magnified mode is
selected when in X-Y horizontal mode. The
RO REQ DLY signal tums X10 MAG off when
readout is displayed.

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

HDO (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

Vge (Pin 9): -5V supply to U8O2.

GA10 (Pin 10): Adjustment of R825 sets the hori-
zontal X10 gain.

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

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

LOUT (Pin 13): Horizontal Preamplifier differential
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.
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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-defiected,
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 con-
trol to match that of the Vertical POSITION controls
when in X-Y horizontal mode. When X-Y display
mode is selected, alow XY signal on Pin9of U301B
connects the pin 5 input to the horizontal position
input of U802. The signal at pin 5 is a reduced hori-
zontal positioning signal produced by the
R353/R358 voltage divider.

Vee (Pin 16): +7 V supply to U802.

Output Amplifiers

The differential output current signal from U802 passes
through common-base current amplifiers Q810 and
Q808. This current signal is then connected to the bases
of Q811 and Q812, through R863 and R873 and on to the
bases of Q804-Q803 and Q807. At lower sweep
speeds, the signal path is through R863 and R873 to the
bases of Q804-Q803 and Q807. These transistors are
inverting amplifiers whose collector currents drive the
emitters of complementary output amplifiers
Q801-Q802 and Q805-Q806, respectively. The circuit
of Q804 and Q803 is configured to respond quickly to
the negative-going feedback signal, and transistor
Q807 is configured to respond quickly to the positive-
going feedback signal. Zener diode VR801 maintains
the emitter bias of Q803 and Q804 at 11 V.

Magnifier registration and horizontal readout centering 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.

The differential circuitry of both sides of the Horizontal
Output Amplifier is similar; operation of only one side of
the amplifier is described. The complementary ampli-
fiers Q801 and Q802 produce the negative-going
horizontal signal to drive the left deflection plate.
Capacitor C802 transfers part of the high-frequency
signal to the emitter of Q801 to maintain the gain of the
output stage at high sweep speeds. Feedback resistor
R806 sets the overall gain of the output amplifier stage,
with C807 providing high-frequency compensation. As
the frequency of the sweep signal increases, the
reactance of C807 decreases and feedback current
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increases. To compensate for the increase in drive cur-
rent required to maintain the gain of the output stage, the
fast-path amplifier Q811 increases signal current to the
bases of Q804-Q803. High-frequency signal current is
shunted around R863 by C860 and R862. As the emitter
voltages of Q801 and Q802 decrease to follow the input
ramp signal, Q801 is rapidly biased off and Q802 is
biased on to absorb all the charge current and produce
the negative-going signal to drive the left deflection
plate.

Common-Mode Stabilizer

Operation amplifier UBO1A compares the node voltage
at the junction of R820, R821, and R822 to ground. lts
output drives the amplifier 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 Ampilifier and Auto Focus Amplifier circuits
operate 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 amplifier 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.

Inthe base circuit of Q2704, CR2705 prevents the base-
to-emitter voltage from exceeding 0.6 V. Zener diode
VR2701 dc level-shifts the signal voltage level at the
emitter of Q2705 for proper biasing of Q2704. The ac sig-
nal 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 + 130V

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 following the
input signal. Transistor Q2701 is biased on harder by the
negative transition, and Q2704 decreases in conduc-
tion. At the Z-Axis output signal line (coliector of Q2702),
the increasing conduction causes the voltage to rise
towards the + 130V 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 feedback
through R2708 and R2709 from the collector of Q2702 to
the base of Q2705. The amplifier is high-frequency com-
pensated by capacitor C2704 in parallel with the feed-
back resistors.

BEAM FIND. The Z-Axis portion of the BEAM FIND cir-
cuit 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 to drive the auto-focus circuit. The
input signal is inverted by Q2708 to drive Q2711 in a
complementary 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 transistor 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 the
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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 Dc
Restorer circuit is obtained from pin 12 of T2204. The
drive voltage has a peak-to-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 referenced to ground via
R2720. The ac-drive voltage is clamped to the voltage
set by the Grid Bias potentiometer wiper whenever the
positive peaks forward bias diode CR2704. Capacitor
C2710 prevents significant loading of the potentiometer
wiper voltage when CR2704 conducts.

The Z-Axis Amplifier output voltage, which varies
between + 16Vand + 66V, is applied to the Dc Restorer
at the anode of CR2703. The ac-drive voltage holds
CR2703 reverse biased until the voltage falls below the
Z-Axis Amplifier output voltage level. At that point,
CR2703 becomes forward biased and clamps the junc-
tion 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 -2.7 kV crt cathode
voltage through CR2702 and R2723. Initially, both C2712
and C2711 charge up to a level determined by the dif-
ference between the Z-Axis output 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 ampli-
tude of the positive transition. The negative transition is
coupled through C2712 to reverse bias CR2702 and for-
ward 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 o 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 (dis-
play 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 voitage 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 output
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 Focus Amplifier
that is inverted in polarity to the Z-Axis signal. As the
intensity increases (more beam current), the focus grid
bias must become more positive 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 isreferenced to the -2.7 kV 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
volitage for the focus circuit.

Volts Cal Signal Source

This circuit provides the precision voltages required for
setting the voltage measurement constants during 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 verti-
cal 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 US06, controlied by Data Latch U2313 on
Diagram 11, selects the A INTEN, B INTEN, and
READOUT control levels and prabe code voltages to be
sent on the MAIN BD MUX signal line to multiplexer
U2309 on Diagram 11. The bit coding is shown in Table
3-25. The selected output from U2309 is applied to the
A-to-D Comparator (U2306, Diagram 11) where its
voltage level is determined by the Measurement
Processor.

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, DS902,
DSS03).
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Table 3-25
Front-Panel Multiplexer
Channel Select Bits

CONTROL LINE Analo
Signa
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
NOTE

Bulb life is extended by keeping SCALE ILLUM
control setlow 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 Vreference on its noninverting
input produces a little over 10 V at the output pin. That
voitage is divided by the voltage divider formed by
R936, CR936, and R937 for a peak amplitude of the
signal of 0.5 V during the time CR936 is forward biased.
When CR936 is reverse biased by the output of U930B,
the Probe Adjust output voltage is pulled down to 0 V
through R937 to ground.

Operational amplifier U930B is a free-running oscillator
circuit with a period of about 1 ms. The oscillator
frequency is determined mainly by the charging time
constant of C935 and R935. The voltage divider formed
by R938, R934, and R939 divides the + 15 V supply to
provide a positive voltage on pin & 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 ampilifier is high
enough to drive pin 7 to the positive supply voltage level
at about 14V, and the signal voltage level on pin 5rises
to a little over 8 V from the feedback current supplied by
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R933. The CLK 1K signal taken from the junction of R934
and R939 is supplied to U600 and is used to skew the
chop-clock frequency. The skew prevents the oscillo-
scope from triggering on the chop frequency when dis-
playing multiple traces in CHOP Mode.

At that level CR935 is reverse biased, and CR936 is for-
ward biased (by the output of U930A) to pass the Probe
Adjust high level output signal current. Charging current
through feedback resistor R935 charges C935 up from
0V toward the output voltage level. As soon as the
charge on C935 (and the voltage on pin 6 of U930B)
reaches the voltage level on pin 5, the output level at pin
7 drops to about -5 V, and C935 must then begin dis-
charging to the new voltage level. At that point CR935 is
forward biased and that reverse biases CR936 so that
the Probe Adjust output voltage drops to O V. Resistor
R940, in series with CR935, limits current flow to protect
U930 and CR935 in the event of a static discharge 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 hori-
zontal 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 volitage
level on the astigmatism grid to obtain the best-focused
display over the whoie 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 and
transceivers, the Address Decoding circuitry, and the
Power-On Reset IC (U2502).

Power-On Reset
The + 5V supply is monitored by U2502 to generate the

reset signals throughout the instrument. These reset sig-
nals initialize the states of the logic devices and ensure
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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 sig-

nal. The SYS RESET signal holds Processor U2501 inits
reset state.

The SYS RESET signal also resets and initializes the
Readout Processor (U2400, Diagram 8) and DAC
Processor (U2601, Diagram 13). At pin 5 of U2502, a
RES 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 + 5V supply reaches the operating
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 + 5V supply), when
the + 5V 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 settings,
sensing rotation of rotary switches and closures 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 readoutfield,
puttext into eachfield, and turn the readout fields on
or off.

4. Scans the front panel pots and sets control voltage
levels. The Measurement Processor selects a potto
be read and connects it to A-to-D 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 output the search values to the



Comparator. Pot values are scanned, processed,
and converted 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 13).

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 (U600) 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 trig-
ger source waveform) it uses the Trigger ICs (U421
and U431), and the Trigger Comparators in FLIC (it
writes to FLIC to reset the Trigger comparator
latches, and reads from FLIC to get the status of the
latches). To switch between free-running and trig-
gered mode in AUTO LEVEL and AUTO trigger
mades, it writes to the control register in FLIC; it
switches to triggered mode when trigger frequency
is sufficiently high and to free-run mode when too
low.

Tracks the trigger level and ground with cursors. The
cursors are displayed by directing the Readout
system to display cursor characters, 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 measure-
ments are knob-driven. They are:

¥ SEC -

i 1/SEC -l
k- PHASE~
e VOLTS
h VOLTS -

When these measurements are running, a new
digital value is displayed, and the cursor or delay-
zone position is changed only when the user

10.
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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).

Controls Counter/Timer (C/T) operation—tells the
C/T when to start and stop counting and calculates
the results. The Measurement Processor communi-
cates with the C/T via a microprocessor interface
contained in Slow Counter Logic (SCL) U1902
(diagram 12). This interface provides the capability
for the Processor to write an 8-bit control word to
SCL, read out the three count chains, read the over-
flow status bits, clear the overflow status bits, and
interface to the fast-logic half of the counter sub-
system (FCL U1905).

The Processor sets a bit (called ENABLE) in FCL to
enable the C/T to start counting trigger events
(period and width measurements) or delay intervals
(delta-time measurements). When the C/T starts
counting, the BUSY line (from the C/T to the
Processor) goes fow to indicate that the C/T has
started measuring. After measurement time is up,
the Processor sets the ENABLE bit low, the C/T
stops counting, and the BUSY line goes high. Then
the Processor calculates the measurement value.
When a gated frequency or period measurement is
performed, the procedure is about the same, except
that the C GATE signal from U602 (diagram 4) arms
the C/T; the ENABLE bit is still used to tell the C/T
when to start arming itself with C GATE . The BUSY
signal toggles low and high to tell the Processor
when the measurements start and stop.

Controls the AUTO SETUP function by setting up the
vertical, horizontal, triggering, and crt controls to
obtain a usable display based on the input signal
characteristics.
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11. Controls the STORE/RECALL system store and
recall functions.

12. Calibrates the measurement system. The vertical
and horizontal gains of the instrument are set by
manual potentiometer adjustments; therefore, the
Processor does not control the match between the
waveform display and the graticule. However, it
does adjust the measurement results to compen-
sate for any error in the vertical or horizontal gain.

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 Volts Cal Signal Source (U931,
Diagram 7), the Readout System, the Vertical Pre-
amplifiers, the Delay Line Driver, and the Vertical
Comparator (U702, Diagram 2) to find the match
between Readout REF CURSOR and DELTA CUR-
SOR levels and vertical outputs generated by the
preamplifiers. It uses the Volts Cal Signal Source,
the Vertical Preamplifiers, and the Trigger circuitry to
find the match between trigger levels and trigger sig-
nals picked off from the Vertical Preampilifiers.

MEASUREMENT PROCESSOR SIGNALS. Table 3-26
is a listing of signal name and function of the Measure-
ment Processor signals.

Data Buffers

BUS 0 BIDIRECTIONAL BUFFER. Buffer U2515 com-
municates the serial bit data to and from the Measure-
ment Processor. Seven data lines of the eight available
are used in this application. The remaining one is con-
nected to the + 5V supply to preventrandom 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 white pin 38 (MCS0)
is high.

3-46

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 communication 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 (U600) 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 Controller.

Address Latches

MULTIPLEXED AD BUS ADDRESS LATCH. Since the
ADO through AD7 bits are multiplexed between address
and data information, the addressing information needs
to be latched to hold it for stable addressing
(demultiplexed). 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 enabied
by the grounded enable pin.

NONMULTIPLEXED ADDRESS BUS ADDRESS
LATCH (U2512). Some of the nonmultiplexed address
bits are also latched to maintain them between ALE
strobes. The latching also prevents address line prob-
lems on the Main board from locking up the Measure-
ment 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.
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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 Multipiexed 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.

SCL SEL Slow Counter Logic chip select (Counter/Timer).

RD and WR Control direction of communication with the devices on the data bus.

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 set-
tings 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 be checked and the battery
replaced if necessary. Aiso, 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 Decoders

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.

3-47



Theory of Operation—2247A Service

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 five
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 replace-
ment, observe the proper safety precautions in the
handling and disposition 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 micro-
computer, 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 dis-
play 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 atime
(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:

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 CUR-
SOR control levels only (examples are the time-
measurement cursors).

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

Measurement/Readout Processor
Communication Protocol

A data byte is transmitted between the Measurement
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 communi-
cation link by comparing bytes sent to bytes received,
query the Character Code RAM contents, 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).

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 dispiay field is selected by latching the top
address bits for the field into U2411 (FLD2-FLDQ).

2. The mixing atiributes for the field are latched into
U2411 (MIX3-MIXO0).

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

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

5. One character at atime, all the characters in the field
are refreshed until the top address for the field (set
by communication with the Measurement Pro-
cessor) 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 character 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 character address
counter lines CH7-CHO.

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

1. RO REQis asserted (this causes RO HORIZ and RO
VERT to control the crt horizontal and vertical) briefly
to show the dot.

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

3. DOTCLK is asserted and unasserted (this in-
crements the dot counter lines DOT4-DOTO).
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FAST REFRESH. Fast refresh occurs when the Pro-
cessor asserts FAST (whenever the refresh rate is too
low) or when A GATE is unasserted (the sweep is in
holdoff). Inthis 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 Pro-
cessor unasserts FAST (when the refresh rate is not
falling behind in refreshing the readout) and A GATE is

asserted. Inthis 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-FLDQ 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 O 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 displayed at that position) on
R7-RO.

4. DOT4-DOTO gives the dot that is being refreshed
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 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 output
signal (see Readout Position Mixer).

8. U2415 sets up the mixing for the horizontal output
signal. '
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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 DO-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 Pro-
cessor 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 andresets
the Interrupt Request Latch (U2417C and D) 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 Verti-
cal and Horizontal DACS on the CHO-CH?7 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 dis-
played, 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, measurement readouts, and error messages),
vertical cursors, or horizontal cursors. Each field has
space for up to 255 characters, and each field is super-
imposed over the others on the crt. A voltage (horizontal)
cursor is generated by holding the vertical at the REF
CURSOR voltage and displaying a whole line of dashes
in the horizontal. A time (vertical) cursor is generated by
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holding the horizontal at the REF CURSOR voltage and
routing the whole line of dashes (as above) from the
Horizontal DAC to the vertical signal mixer multiplexer.
Hexadecimal addresses for a field are shown in
Figure 3-8.

e0 * ff

cO & df
a

a0 w bf
a
Q

8o 2 gf
[G]

60 Z 7f
wn
i

40 W 5f
g

20 = 3f

00 [—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 pro-
vided by the Character Codes RAM (U2406) on the
RO-R6 bus lines. Addressing of the individual dots within
a character is provided from the Character Dot Counter
(U2407A and U2407B) on the DOT0-DOT4 signal lines.
The pixel information output by the Character Dot
Position ROM defines the vertical and horizontal
position of the dot to be displayed. 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.



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 displayed 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
completely refreshed. In Slow mode, the dots are
refreshed at the rate of only one dot per each readout
request.

When all the dots in a character have been refreshed, the
EOCH (end-of-character) signal from Character Dot
Position ROM U2408 (pin 17) 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 sys-
tem 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 U2409A for clocking the Readout Pro-
cessor 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 verti-
cal position information must be added 1o 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 refreshed, the outputs of U2403 are
enabled by the POS EN signal from the Dot Refresher,
U2410 pin 19.
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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 X 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

Disable Trace Sep
current

Enable Trace Sep

current

Readout DACs

Vertical Character and Dot position data bytes are con-
verted to analog current for eventual application to the
Vertical Delay Line by Vertical Readout DAC U2412. The
vertical signal current is applied to signal mixer multi-
plexer U2414 . When fixed position text is displayed, the
output mixer selects afixed position value to mix withthe
vertical output signal to define the readout position on
the display. When time cursors are displayed, the hori-
zontal output signal defines (vertically) where a charac-
ter (dot) is displayed on the crt. Vertical Readouts that
follow the Channel Vertical POSITION controls (tracking
cursors and associated text) have their position infor-
mation summed with the Vertical Position Switching cir-
cuitry (Diagram 2) just before the Delay Line Driver.

Horizontal Character and Dot position data bytes are
converted to analog current for application to the Hori-
zontal Preamplifier (U802, Diagram 6) by Horizontal
Readout DAC U2413. The horizontal signal current is
applied to both signal mixer muitiplexers (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 time cursors are displayed, the cursor
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position signal defines (horizontally) where a dot is dis-
played 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 out-
put from the Readout Processor (U2400 pin 25). Three
field selection bits used in addressing the Character
Code RAM are also locaded 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 (CH8, CH9, and CH10) 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 atiributes
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 2247A Readout Output Mixer allows three modes of
display to present the text and vertical or horizontal
cursors.

TEXT OUTPUT MODE. The vertical output displays
vertical text information, locked to crt vertical screen
position. The horizontai output displays horizontal text
information, focked to crt horizontal screen position.

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

Table 3-28
Field and Mixer Attribute Bit Assignment

MIX3 MIX2 MIX1 MIXO NC CH10 CH9 CHS Value
X X X X X b2 bi 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 Cursor1 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 + CursorQ 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
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VERTICAL CURSOR MODE. The vertical output
provides a ramp signal, locked to crt vertical screen
position. The horizontal output matches the voitage of an
analog cursor level control.

MIXER OPERATION. The readout system displays text
in a pixel-type representation. For example, an under-
lined 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 rep-
resenting the vertical and horizontal position of a pixel
within the character and then unblanking the Z-Axis.

Multiplexers U2414 and U2415 are ganged electronic
switches that mix current and voltage settings. Vertical
Readout DAC U2412 (vertical text generator) provides
an output current from pin 2 that is proportionate to the
vertical position of the pixel being displayed; the mini-
mum output is 0 mA. Horizontal Readout DAC U2413
(horizontal text generator) provides an output current that
is proportionate to the horizontal position of the pixel
being displayed. lts 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 out-
puts 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
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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
Preamplifier (RO HORIZ).

14

HREEERREE

6081-11

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 in Table 3-30.

Table 3-29
Display Possibilities

Readout Type U2414-3 U2414-13
Stationary Text 0.6V U2412 output
Horizontal Ref Cursor REF CURSOR U2412 output
Horizontal Delta Cursor DELTA CURSOR U2412 output
Vertical Ref Cursor | 0.6V U2413 output
Vertical Deita Cursor 0.6V U2413 output
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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

SWITCH BOARD AND INTERFACE
(Diagram 10)

The front panel LEDs that backlight the switches and
panel labels are schematically arranged in a matrix of
eightrows 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.

Atintervals of about 2 ms, a column of LEDs is refreshed
(appropriate LEDs in column are turned on) 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 momentary
push button closure.

LED Refresh

Assume LED column ASO 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 out-
puts of Cathode Driver U2525 for the “on” LEDs are jow.
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 tums on the
associated Darlington transistor (Q2506 for the ASO
columny), and the LEDs in that column that also have their
cathodes low from U2525 are turmed on.
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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 parallel loaded
into the Switch Board Shift Registers (U2001 and
U2002). This switch status data is then shifted out

serially (by 15 SWBD 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 operating 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
AS1 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 System
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 ASQ line from the DO bit of the
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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 voitages to the
circuitry under its control and to determine analog
voltage levels that it must have to do its control and
measurement functions.

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 compared
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 tc analog voltages are
loaded into two latches (U2300 and U2301). Data Latch
U2301 latches data to the DAC Multiplexer (U2303). Data
Latch U2300 latches data o the 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
o 2 mA. Signal current flows through R2303 to the
+2.5 V reference voltage. The resulting voltage drop
across the resistor moves the voitage at pin 3 of voitage
follower U2314 away from + 2.5 Vtoward 0V and below.
When there is 0 mA output, the voltage atpin 3is +2.5V.
At maximum output current, the voltage at pin 3 is -2.5 V.

A-TO-D CONVERSION. The output from U2314 is also
applied to A-to-D Comparator U2306. When analog-
to-digital conversion is being done, the Measurement
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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 repre-
sentation of the analog voltage applied to the other pin
of the comparator from the output of Multiplexer U2308 or
U2308. Signals on that multiplexed line are the front
panel potentiometers wiper voltages and the probe
code levels.

COUNTER/TIMER (Diagram 12)

The Counter/Timer (C/T) circuitry includes: a 10 MHz
Oscillator, an External Time Base Input, Slow Counter
Logic (SCL), Fast Counter Logic (FCL), Level Trans-
lators, and a Phase-Locked Loop (PLL) operation.

10 MHz Crystal Oscillator

This circuit consists of Q1901, Q1902, Y1901,
R1901-R1905, and C1901-C1904. Q1901 and its
various biasing and load resistors form the gain stage of
an oscillator circuit. Y1901 is the resonant feedback
element that, along with C1901, C1902, and C1904,
determines the frequency of oscillation. Q1902 and
R1905 form an emitter-follower buffer for driving U1902.

External Time Base Input

This circuit consists of J1902, C1906, R1906-R1910,
CR1901, CR1902, and U1901. C1806, R1906, R1907,
and the two diodes ac-couple and clamp the input to the
high-speed comparator U1901. R1908-R1910 provide
some hysteresis for the comparator for noise immunity.
This hysteresis band is approximately 320 mV, centered
around ground. When nothing is connected to J1902, the
hysteresis will prevent the comparator from toggling
randomly. The comparator output is TTL compatible and
drives the TC2 input (pin 2) of U1902 (SCL).

Slow Counter Logic (SCL)

This is a CMOS logic circuit that combines the C/T’s
slower logic circuitry into one IC (U1902). IC U1802 con-
tains an interface for communicating with the Processor
(U2501, diagram 8), three count chains, an automatic
time base selector and scaler, a pseudo-random noise
generator, a phase-frequency comparator, and part of
the phase-locked loop (PLL) frequency divider.

The microprocessor interface provides the capability to
write an 8-bit control word to SCL, read out the three
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count chains, read the overflow status bits, clear the
overflow status bits, and interface to the fast-logic half
(U1805) of the counter subsystem (through pins 30-39
on U1902).

The three count chains consist of two 19-bit binary up-
counters (A and B) and one 15-bit binary up-counter (C).
The contents of these counters may be read out one byte
at a time through the microprocessor interface. The fast-
logic half of the counter contains the high-speed
sections of these count chains, and the microprocessor
interface is used to read out the high~speed sections as
well.

There are two PLL components in the SCL IC. The fre-
quency divider scales the voltage-controlied oscillator
(VCO) input by ten and provides a square wave to one
input of the phase/frequency comparator (PFC). The
PFC compares this signal to the 1 MHz reference signal
provided by the auto-time-base selector/scaler (ATSS)
and generates a signal that, when filtered externally,
indicates the phase or frequency relationship between
the VCO and the time-base reference. (See Phase-
Locked Loop Operation.)

The pseudo-random noise generator (PRNG) is a
17-stage feedback shift register which provides a
pseudo-randomly switching waveform that is used to
phase-modulate the PLL during time-interval measure-
ments. This shift register is clocked by a 125 kHz signal
that is produced by dividing the 1 MHz reference from
the time-base scaler output by eight. The period of the
pseudo-random waveform is about one second.

The PRNG is only enabled for time-interval measure-
ments such as width and rise/fall. It is not needed for
frequency and period measurements, so the NOISE out-
put (pin 22) on SCL will remain near ground for these
measurements. When a time-interval measurement is
active, this output will toggle between ground and V.

The ATSS provides a reference signal for the PFC. If no
external time base is connected to the TC2 input, the
10 MHz signal provided onthe TC1 input is scaled by ten
and sent to the PFC. If a 10 MHz, § MHz, or 1 MHz signal
is connected to the TC2 input, the ATSS will auto-
matically switch to it and scale it down to 1 MHz. A
10 MHz signal must be connected to the TC1 input for
the ATSS to work properly. If a signal other than 1, 5, or
10 MHz (+2%) is connected to TC2, the ATSS will not
work properly, and therefore the PLL and the
Counter/Timer will not work properly.
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Fast Counter Logic (FCL)

FCL performs the fast logic functions for the Counter/
Timer subsystem. IC U1905 contains a control interface,
three count chains, part of the phase-locked-loop (PLL)
frequency divider, trigger input mux, measurement
gating block, and output mux.

The control interface provides the capability to write
control bits and reset the measurement gating block and
count chains. The Measurement Processor accesses
this interface through SCL pins 34-39. There are three
address lines (A0, A1, and A2) for selecting a particular
register inside FCL, two data lines (IDO and ID1) to pro-
vide the data to be written into the selected register, and
a write line (WR) to strobe the data into the register.

The three count chains consist of two 5-bit binary up-
counters (A and B) and one 1-bit binary up-counter (the
C counter, that resides in the measurement gating
block). The fifth stage (MSB) of the A and B counters
drives the AOUT and BOUT output pins, which in turn
clock the A and B count chains in SCL on falling edges.
The C counter drives the COUT output pin directly, which
in turn clocks the C count chain in SCL on falling edges.
In effect, the A and B counters are each a total of 24 bits
long, and the C counter is a total of 16 bits long. The
lower four stages of the A and B counters are read out
through the output mux by the Measurement Processor.

The PLL frequency divider scales the TC input by 20.
Normally, 200 MHz is presented on the TC input. The
TC10 output provides a 10 MHz square wave.

The trigger input mux selects TRIG, AUX, or NAGATE as
a trigger source for the measurement gating block. The
measurement gating block triggers on the positive edge
of TRIG or the negative edges of AUX and NAGATE.

The measurement gating block accepts a trigger signal
from the trigger input mux, control signals from the con-
trol interface, various arming signals, and provides
clock signals to the count chains and status signals to
the output mux.

The output mux provides a way for the microprocessor to
read out (via the SCL) the lower four bits of the A and B
count chains and the measurement gating block status.

Level Translators

The resistor network, consisting of R1911-R1916,
R1917, and R1918, provides level translation between
SCL output pins 34-39 and FCL input pins 27-32. The
SCL outputs provide GND to Vpp signal swings, which
get attenuated and level-shifted to swings about +2.7V



to + 4.3 V by the resistor network. When ECL circuitry is
powered from a + 5V supply, the “correct” output swing
should be about +3.4 V to +4.3 V. Inputs to ECL
circuitry running on a + 5 V supply should not go much
higher than +4.3 V, or the ECL input could saturate,
causing a slowdown of the logic. It is all right for the input
swing to go below the “legal” ECL low of +3.4 V.

it is more difficult to translate from ECL outputs to TTL
inputs. In this case, voltage gain is needed. FCL output
pins 11-14 (output data mux), AOUT, BOUT, COUT, and
TC10 all need to be translated up to TTL levels. This is
done with U1903 and U1904. However, the input
common-mode range for these comparators is speci-
fied as +3.0V, and the ECL output swing is about + 3.4V
to +4.3 V, so R1919-R1927 level shift the ECL output
signals so they toggle between approximately + 1.9V
and +28V.

Phase-Locked Loop (PLL) Operation

OPERATION. The PLL consists of the phase-frequency
comparator (PFC), summer, loop filter, voltage-
controlled oscillator (VCO), and frequency divider (parts
of which are in SCL and FCL). The divider divides the
VCO output (normally 200 MHz) by a factor of 200. The
PFC compares the 1 MHz reference signal to the output
of the frequency divider. When power is first applied to
this circuit, there will be a frequency difference, which
will cause the PFC to output pulses to the summer, which
in turn passes them on to the loop filter. The loop filter
averages these pulses and outputs a mostly dc signalto
the control input of the VCO. The DC signal from the filter
will pull the divided VCO frequency up or down (de-
pending on which frequency was higher) to make it
equal to the 1 MHz reference frequency. When the
frequencies become equal, the PFC will output a pulse
whose duty factor is dependent on the phase difference.
Since this is a closed-loop feedback system, the circuit
stabilizes at a particular phase difference. Any com-
ponent drift in the VCO will cause automatic correction
by the PFC.

SUMMER. The summer adds the PFC output to the
filtered and attenuated noise signal from SCL. C1909,
C1910, R1931, and R1932 provide this filtering and
attenuation. This processed noise signal is added
through R1833 to the PFC signal (which comes through
R1930). When the NOISE output of SCL is enabled, the
processed noise signal causes small variations in
phase, which improve the time-interval averaging
capabilities of the C/T.

LOOP FILTER. The loop filter consists of R1934 and
C1911. R1935 provides some negative bias to the VCO
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input, to control the phase difference that the PLL
stabilizes on.

VCO. The Voltage-Controiled Oscillator consists of the
rest of the circuitry from R1936 to Q1903. This circuit is
basically a grounded-base Colpitts oscillator. Its
frequency of oscillation is determined by C1912-C1914,
L1901, and CR1903 (a variable capacitance diode). As
the voltage on the diode’s cathode gets more positive,
its capacitance gets smaller, and the oscillator
frequency gets higher. Normally, the cathode voltage is
around +2 Vto + 3V whenthe PLL is working properly,
but can vary slightly, depending on actual component
values.

Finally, C1916, R1939, and R1940 couple the 200 MHz
signal to FCL pin 58. This network guarantees that the
signal swing is appropriate for the ECL input.

DAC SUBSYSTEM (Diagram 13)

Dac Refresh Processor

The Dac Refresh Processor (U2601) is an eight-bit
microcomputer containing its own internal memory. The
job of this processor is 1o refresh the D-to-A Converter
(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. When-
ever the Measurement Processor has determined that a
control value has changed, it updates the Dac Pro-
cessor 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 0to 2mA. 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 0 V and
below. When there is 0 mA output, the voltage atpin 5 is
+ 2.5V At maximumn output current, the voitage atpin 5is
-2.5V. Voltage Follower U2608B buffers the voltage and
applies it to the contro! circuit selected by the Measure-
ment Processor.
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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 ali 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 multiplexers U2303, 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 voitage follower (to buffer the voltage held by the
capacitor). The voltage follower circuits are provided by
the operational amplifiers of U2304, U2305, U2606,
U2607, and U2608. Extra noise filtering for two of the
control voltages (REF DELAY and DELTA DELAY) is pro-
vided by using an RC pi-type filter input circuit to the
voltage follower.

POWER SUPPLY (Diagram 14)

The Power Supply (Diagram 13) provides the various low
voltages needed to operate the 2247A 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 alter-
nating current through the primary of the Inverter power
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fransformer. The voltage across the primary of the
inverter transformer is monitored and regulated by the
Inverter Control circuit to maintain a constant output
voltage level across the transformer secondaries.

The Low-Voitage Secondary Supplies rectify and filter
the low-voltage secondary ac voltages to provide the dc
power requirements for the instrument. Two other secon-
dary 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 voitages.

Both overvoltage and overcurrent protection are pro-
vided 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 filtering
circuitry. A sealed line filter (FL2201), 12207, L2208,
C2214, C2213, C2216, C2215, R2260, R2227, and
R2228 form a low-pass filter designed to prevent trans-
mission of high-frequency noise signals 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. Thermistor RT2201 prevents a sudden
rush of input current into the rectifier and filter capacitor,
C2202, when the power switch is turned on. The thermis-
tor 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 vaiue 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
rectifiers CR2231-CR2234. Simple capacitive filtering of
the rectifier output is done by C2202. The filtered output
voltage may range between about 125 and 350 Vdc,
depending on the amplitude of the ac input voltage. A
line trigger signal is picked off by T2206 for use whenthe
Trigger SOURCE is set to LINE. Bleeder resistor R2256
drains off the charge on C2202 when the instrument is
turned off.
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Figure 3-10.

Power Supply block diagram.
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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 Redlifier.
When the voltage across C2204 reaches 20 V, the
voltage at the base of Q2204 is about 6.8 V. This base
voltage level causes Q2204 to conduct (thereisa 6.2V
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.

With U2201 on and drawing current from C2204, the
voltage across C2204 begins to fall. If the Preregulator
output rises 10 + 44 V before the voltage across C2204
falls to 10V, 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 (recharging from the output of the Primary Power
Rectifier 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 pulses drive switching transistor Q2201 through a
buffer amplifier composed of Q2202 and Q2203. Pulse
width (the time that FET Q2201 is on} is inversely pro-
portional 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 operating
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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 + 44V 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 summingnode 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 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 instrument,
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 +5V
immediately. A + 5V 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 conduction puises to occur.,

The on-time gradually increases until the charging
current is limited by the internal current limit amplifier of
U2201. At that point, the Preregulator is acting as a cur-
rent source. When the voltage across C2203 reaches
+44 V, the voltage error amplifier starts to limit the out-
put, 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 voitage 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. If 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 restart after about half a
second, but will shut down again if the overvoltage con-
dition 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 main-
tained at the proper level to provide enough regulation
room for the secondary supply voltages and still not dis-
sipate more power than necessary 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 amplifier at pin 3 of U2201 thenrises, and the width
of the switching pulse to the Preregulator Switching
circuit 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
described is long; but it does not need a fast response
time, since the circuit only determines the power dis-
sipation 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.
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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 out-
put of the Preregulator IC (U2201) via a buffer ampilifier
circuit. The Preregulator IC controls the on-time to main-
tain 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 recti-
fied 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 clampedto 44 V. Thisforces 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
clampedto +44V, 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 cur-
rent 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 continue
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 forward 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
upto 204V (44V + 160 V). Now there is -44 V (160 V -
204 V) across the coil of T2203 from pin 6 to pin 7 and
-44 V (0 - 44 V) from pin 1 to pin 2 (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.

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. Transformer action is
minimal because the waveforms impressed across both
coils are nearly identical.
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Figure 3-11. Preregulator switching waveforms.

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 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 associated com-
ponents. 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 conduct. 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 difference across the primary of
T2204 also appears across the primary winding of
T2205, and a feedback voltage is induced in the secon-
dary winding of T2204. The polarity of the transformer is
such that the conduction of the higher gain transistor is
reinforced (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
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charges up, CR2236 becomes reverse biased, and that
path for current through the conducting transistor is
blocked.

If the Inverter Power Switching circuit stops, the Inverter
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. Voitage
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 T2204 from pin 8 to
the center-tap pin. That voltage adds to the 41 V from
pins 9 1o 11 to produce a potentiai of 82 volts across the
primary of switching transformer T2205. Current rapidly
ramps up through the primary 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 12206. The secondary voitage 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 cur-
rentto 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 fransformer.



INVERTER CONTROL LOOP. Whenever either Q2209
or Q2210 is on, the collector voitage 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 across each half
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 ref-
erenced 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 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 requirement. A single 130 Vac out-
put 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
156 0of T2204 is used for the + 5V and -5V 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 multiplier
U2230 and the other for the crt filament. Flying leads from
the top of the transformer make the circuit connections
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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 15)

The Main Board Power Distribution diagram sche-
matically 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 16)

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

INTERCONNECTION DIAGRAM
(Diagram 17)

Circuit board interconnections with the plug, jack, pin
numbers, and signal names shown are found in sche-
matic Diagram 17. 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 —-2247A Service

PERFORMANCE CHECK PROCEDURE

INTRODUCTION

This Performance Check Procedure verifies the
Performance Requirements of the 2247A as listed in the
Specification (section 1) and helps determine the need
for readjustment. These checks rmay also be used as an
acceptance test or as a troubleshooting aid.

You do not have to remove the wrap-around cabinet
from the 2247A 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 for both
the Performance Check Procedure in this section and
the Adjustment Procedure in Section 5. 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 recommended,
you may have to make some changes to the test setups.
If the “Example of Test Equipment” given in Table 4-1 is
not available, use the “Minimum Specification” 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 performance
of the 2247A 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 beginning of each
subsection lists the equipment from Table 4-1 that is
needed to do the checks in that subsection.

The initial front-panel control settings at the beginning of
each subsection prepare the instrument for the first step
of the subsection. Do each of the steps in a subsection
completely and in the order given, to ensure the correct
control settings for steps that follow. To ensure
performance accuracies stated in Table 1-1 (Electrical
Characteristics), 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 MEASUREMENTS
routine is done AFTER the 20-minute
warmup.
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Table 4-1
Test Equipment Required

Item 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. Output
impedance: 50 Q.
Amplitude accuracy:
constant within 1.5% of
reference frequency to
100 MHz.

Vertical, horizontal,
triggering, measurement
bandwidth, and Z-Axis

checks and adjustments.

Counter/Timer checks.

TEKTRONIX SG 503
Leveled Sine-Wave
Generator. @

Calibration Generator

Standard-amplitude
signal levels (dc and square
wave): 5 mVio 50 V.
Accuracy: + 0.25%.
High-amplitude signal
levels: 1Vio 60 V.
Repetition rate: 1 kHz.
Fast-rise signal level: 1 V.
Repetition rate: 1 MHz.
Rise time: 1 ns or less.
Flatness: +0.5%.

Signal source for gain
and transient response

checks and adjustments.

TEKTRONIX PG 506

Calibration
Generator.a

Time-Mark Generator

Markers: 5nsto2sina
1-2-5 sequence.
Accuracy: + 0.00005%.

Counter/Timer and
horizontal checks and
adjustments. Display
adjustment. Time cursor
checks.

TEKTRONIX TG 501
Option 01 (Precision
Time Base) Time-Mark
Generator.a

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 offset
adjust.

Low-frequency checks.

TEKTRONIX FG 502
Function Generator.a

Coaxial Cable
(2 required)

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

Signal interconnection.

Tektronix Part Number
012-0057-01.

Precision Coaxial Cable
(3 required)

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

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

Tektronix Part Number
012-0482-00.

8Requires a TM500-series power module.
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Table 4-1 (cont)

ltem and Minimum Example of
Description Specification Use Test Equipment
Termination Impedance: 50 Q. Signal termination. Tektronix Part Number

(3 required) Connectors: BNC. 011-0048-01.

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.
Connectors: BNC.

011-0069-02.

Alignment Tool

Length: 1-in shaft.

Adjust TRACE ROTATION

Tektronix Part Number

Bit size: 3/32 in. pot. Adjust variable 003-0675-00.
Low capacitance; insulated. | capacitors and resistors.
Test Oscilloscope Bandwidth: 20 MHz. Z-Axis response TEKTRONIX 2246A.

adjustment.

Dual-input Coupler

Connectors: BNC

Signal interconnection.

Tektronix Part Number

female-to-dual-BNC male. 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
and line sync signals.

Check TV Trigger circuit.

Tektronix TSG-100 Test
Signal Generator.

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 Multimeter.2

Digital Delay Count: 10 to 99,999 events. Counter/Timer checks. TEKTRONIX DD 501
Sensitivity: 85 mV p-p at Digital Delay.2
30 MHz. Minimum detect-
able pulse width: 5§ ns.
BNC Coupling 0.047 uF. Voltmeter dc voits normal | Tektronix Part Number
Capacitor mode rejection ratio 015-0221-00.

check.

3Requires a TM500-series power module.
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DISPLAY

Time-mark generator

50 ) BNC termination

Equipment Required (see Table 4-1)

50 O BNC coaxial cable

TRACE ROTATION

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

CH1

01V

AC

A Trigger
AUTO LEVEL
VERT

DC

—~ (positive-
going)

Min

12 o’clock

A

12 o’clock
2us

All off (press
CLEAR
DISPLAY three
times)

For best
defined display
off

b. Position trace vertically to the center graticule line.

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 QO BNC coaxial cable and a 50 Q& BNC
termination.

Set generator for 0.2 ps time markers.

Position the bottom of the CH 1 signal below the
bottom graticule line. It may be necessary to
increase the A intensity in order to see the time
markers.

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 following
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 2247A.
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VERTICAL

Equipment Required (see Table 4-1)

Leveled sine-wave generator

Calibration generator
Function generator

50 © BNC coaxial cable

50 Q precision BNC coaxial cable
50 O termination
Dual-input coupler

1.

Input COUPLING Functional Check

a. Set:
READOUT (Intensity) For a viewable
readout
A INTEN For a viewable
trace
Vertical MODE CH1and CH?2
CH1and CH2
VOLTS/DIV 1V
CH1and 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 0.5ms
FOCUS For best
defined display
Measurements All off (press
CLEAR
DISPLAY three
times)
SCOPE BW Off
CH 2 INVERT Off
b. Set Vertical MODE to CH 1 (CH 2 off).
¢. 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.

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

Paosition the bottom of the signal to the center hori-
zontal graticule line.

Set CH 1 Input COUPLING to AC.

CHECK—display is roughly 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).
Repeat the procedure for CH 2.

Disconnect the test signal from the 2247A.

CH 1 and CH 2 VOLTS/DIV Trace Shift

o

Set:

CH1and CH 2

Vertical MODE On
CH1andCH2

VOLTS/DIV 2mv
CH1andCH2

Input COUPLING GND

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
2mvVto 5 V.

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

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

Switch CH 2 VOLTS/DIV through all positions from
2mvto5V.

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 Vand 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 does not exceed one division.

CH 1 and CH 2 VAR VOLTS/DIV Trace Shift

Set:
Vertical MODE CH 1 (CH 4 off)
CH 1 VOLTS/DIV 2mv

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

CHECK —trace shift does not exceed one division.

Set:

CH 1 VAR VOLTS/DIV Detent
(calibrated)

Vertical MODE CH 2 (CH 1 off)

CH 2 VOLTS/DIV 2myVv

Position trace to center graticule line.
Set CH 2 VAR VOLTS/DIV fully ccw.
CHECK —trace shift does not exceed one division.

Set CH 2 VAR VOLTS/DIV to detent (calibrated)
position.
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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 CH 1 (CH 2 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 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 (CH 2 off).

Position CH 1 trace to the center horizontal graticule
line.

Set:
CH 1 VOLTS/DIV 10mv
CH 1 VAR VOLTS/DIV Fully ccw

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

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

CH 1 VAR VOLTS/DIV Detent
(calibrated)

Vertical MODE CH 2 (CH 1 off)

CH 2 VOLTS/DIV 10 mv

Position CH 2 trace to the center horizontal graticule
line.

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

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

Low-Frequency Linearity Check

Set:

Vertical MODE CH 1 (CH 2 off)
CH 1 VOLTS/DIV 10 mV

SCOPE BW On

Set calibration generator to Std Ampl output, 20 mV.
Move the test signal to the CH 1 input.
Position the top of the signal to the top graticule line.

CHECK—the signal amplitude is between 1.9 and
2.1 divisions.

Set bottom of the signal to bottom graticule line.

CHECK—the signal amplitude is between 1.9 and
2.1 divisions.

Repeat the procedure for CH 2.

d. CHECK-—all positions of the VOLTS/DIV settings for
correct signal-to-graticuie accuracy, using the set-
tings in Table 4-2 for the checks.

e. Setcalibration generator to Std Ampl output, 10 mV.

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

g. Set:
Vertical MODE ‘ CH 1 (CH 2 off)
CH 1 VOLTS/DIV 2mv

h. Position the trace two graticule lines below the
center horizontal graticule line.

i. Repeat CHECK procedure for CH 1.

Table 4-2
Signal-to-Graticule Accuracy
VOLTS/DIV Std Ampl Deflection Accy
Setting Setting (in divisions)
2mVvV 10 mv 49010 5.10
5mv 20 mv 3.921t0 4.08
10 mv 50 mV 490to0 510
20 mv 100 mV 49010 5.10
50 mV 200 mV 3.9210 4.08
01V 500 mv 49010 5.10
0.2v 1V 4.90to 5.10
0.5V 2V 3.9210 4.08
1V 8V 490t0 5.10
2V 10V 49010 5.10
5V 20V 3.9210 4.08

CH 1 and CH 2 Vertical Deflection Accuracy

10. CH 3 and CH 4 Vertical Deflection Accuracy

Set CH 2 VOLTS/DIV to 2 mV.
Set calibration generator to Std Ampl output, 10 mV.

Position the trace two graticule lines below the
center horizontal graticule line.
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Vertical MODE CH 3 (CH 1 off)
CH 3 VOLTS/DIV 0.1V

b. Position the trace two graticule lines below the
center horizontal graticule line.
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c. Move the test signal to the CH 3 input.

d. Set the calibration generator to Std Ampl output,
05V.

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

f.  Move the test signal to the CH 4 input.

g. Set:
Vertical MODE CH 4 (CH 3 off)
CH 4 VOLTS/DIV 0.1V

h. Position the trace two graticule lines below the
center horizontal graticule line.

i. Repeat CHECK for CH 4.

j. SetCH 4 VOLTS/DIVto 0.5V.

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

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

m. Set:
Vertical MODE CH 3 (CH 4 off)
CH 3 VOLTS/DIV 0.5V

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

0. Repeat CHECK for CH 3.

p. Disconnect the test setup from the 2247A.

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,

0.2Vv.
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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 between
3.92 and 4.08 divisions.

f.  Set CH 2 INVERT On.

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

h. Disconnect the test setup from the 2247A.

12. Vertical POSITION Range (all channels)

a. Set:

A SEC/DIV 0.1 ms
Vertical MODE CH 1 (ADD off)
CH 1 VOLTS/DIV 1V

CH 2 INVERT Off

SCOPE BW Off

CH 1 and CH 2 Input

COUPLING AC

b. Connect leveled sine-wave generator (SG 503) out-
put to the CH 1 and CH 2 inputs via a 50 O BNC
coaxial cable, a 50 Q BNC termination, and a BNC
dual-input coupiler.

c. Position trace to center horizontal graticule line.

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

e. Set
CH 1 VOLTS/DIV 01V
CH 1 POSITION Fully cw

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

g. Set CH 1 POSITION fully ccw.

h. CHECK-thatthe 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

4-9


supervisor

supervisor


Performance Check Procedure —2247A Service

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

k. Set CH 2 POSITION fully ccw.
.  CHECK-thatthe top of the waveform is at least one
division below the center horizontal graticule line.
m. Set CH 2 POSITION to 12 o’clock.
‘n. Move the BNC dual-input coupler from the CH 1 and
CH 2 inputs to the CH 3 and CH 4 inpults.
0. Set
Vertical MODE CH 3 (CH 2 off)
CH3and CH 4
VOLTS/DIV 0.1V
CH 3 POSITION Fully cw
p. CHECK-that the bottom of the waveform is at least
one division above the center graticule line.
g. Set CH 3 POSITION fully ccw.
r. CHECK—thatthe top of the waveform is at least one
division below the center graticule line.
s. Set:
CH 3 POSITION 12 o’clock
Vertical MODE CH 4 (CH 3 off)
t. Repeat the procedure for CH 4.
u. Set CH 4 POSITION to 12 o’clock.
v. Disconnect the test setup from the 2247A.
13. CH 1 to CH 2 Signal Delay Match
a. Set:
Vertical MODE CH1andCH2
(CH 4 off)
CH1and CH2
Input COUPLING DC
CH1and CH 2
VOLTS/DIV 01V
SEC/DIV 20 ns
Trigger SOURCE CH3
b. Superimpose the CH 1 and CH 2 traces at the 100%

graticuie marking.

Connect calibration generator (PG 506) Fast Rise,
rising-edge signal tothe CH 1 and CH 2inputsviaa
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 2 BNC coaxial cable and a 50 Q)
BNC termination.

Set the calibration generator to Fast Rise and adjust
Pulse Amplitude for five divisions of signal ampli-
tude at 1 MHz.

Position the rising edges of the superimposed
waveforms horizontally to the center vertical grati-
cule line.

NOTE

It may be necessary to readjust the trigger
fevel to display the rising—-edge signal in
the Delay Match steps. This can be done
most easily by pressing the upper Trigger
MODE button to cause the trigger level to
be automatically readjusted.

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.

14.

CH 1 to CH 4 Signal Delay Match

Set Vertical MODE to CH 1 and CH 4 (CH 2 off).
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.

15.

CH 3 to CH 4 Signal Delay Match

Set:
Vertical MODE CH3and CH 4
(CH 1 off)

Trigger SOURCE CH2
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b. Move the CH 3 signal to the CH 2 input and the CH 1
trigger signal to the CH 3 input.

c. Superimpose CH 3 and CH 4 waveforms at the cen-
ter graticule line.

d. CHECK-—that the leading edges of the two
waveforms have less than 0.1 horizontal division
separation at the center graticule line.

e. Disconnect the test setup.

16. CH 1 and CH 2 Vertical Bandwidth

a. Set
X10 MAG Off
Vertical MODE CH 1 (CH 3 and

CH 4 off)
SEC/DIV 0.1ms
CH 1 VOLTS/DIV 5mv
CH 1 and CH 2 Input
COUPLING DC
Trigger SOURCE VERT
Horizontal POSITION 12 o’clock

b. Connectleveled sine-wave generator (SG 503) out-
put to the CH 1 input via a 50 0 precision BNC
coaxial cable and a 50 Q0 BNC termination.

c. Set the leveled sine-wave generator output for a
six-division signal amplitude at 50 kHz.

d. Setthe generator Frequency Range and Frequency
Variable controls for a 90 MHz output signal.

e. CHECK-—the displayed signal amplitude is 4.2
divisions or more as the frequency is increased o
100 MHz.

f. Repeat the frequency setup and CHECK procedure
for VOLTS/DIV settings of 50 mV and 0.5 V.

g. Move the test signal to the CH 2 input.

h. Set:

Vertical MODE CH 2 (CH 1 off)
CH 2 VOLTS/DIV 5mv

Repeat the complete Bandwidth check procedure
for Channel 2.

Performance Check Procedure —2247A Service

17. CH 3 and CH 4 Vertical Bandwidth

a. Set:

Vertical MODE CH 3 (CH 2 off)
CH 3 and CH 4 VOLTS/DIV 01V

b. Connect leveled sine-wave generator (SG 503) out-
put to the CH 3 input via a 50 Q precision BNC
coaxial cable and a 50 & BNC termination.

c. Setthe generator output for a six-division signal dis-
play at 50 kHz.

d. Set the generator Frequency Range and Frequency
Variable controls for a 30 MHz output frequency.

e. CHECK-—that the signal display amplitude is 4.2
divisions or more as the frequency is increased to
100 MHz.

f. Repeat the procedure for 0.5 VOLTS/DIV setting.

g. Move the test signal to the CH 4 input.

h. Set Vertical MODE to CH 4

i. Repeat the procedure for CH 4.

18. SCOPE BW (Bandwidth Limit) Accuracy

a. Set
Vertical MODE CH 1 (CH 4 off)
CH 1 VOLTS/DIV 10 mv
SCOPE BW On

b. Move test signal from the CH 4 input to the CH 1
input.

c. Setleveled sine-wave generator (SG 503) outputfor
a six-division signal amplitude at 50 kHz.

d. Increase the leveled sine-wave generator output
frequency, using the Frequency Range and
Frequency Variable controls, until a signal display
amplitude of 4.2 divisions is obtained.

e. CHECK-—that the sine-wave generator output

frequency is between 17 MHz and 23 MHz.

Disconnect the test setup.
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19. Common-Mode Rejection Ratio

a. Connect leveled sine-wave generator (SG 503) out-
putto the CH 1 and CH 2 input connectors via a 50
precision BNC coaxial cable, a 50 0 BNC termi-

nation, and a BNC dual-input coupler.

b. Set the leveled sine-wave generator output for an
eight-division signal-display amplitude at 50 kHz.

c. Set:
Vertical MODE ADD (CH 1 off)
CH 2 VOLTS/DIV 10 mv
CH 2 INVERT On
SCOPE BW off

d. Adjust CH 1 or CH 2 VAR VOLTS/DIV for smallest

signal amplitude (as needed).

e. Set the leveled sine-wave output frequency to
50 MHz.

f.  Set the Vertical MODE to CH 1 (ADD off).

g. Set the leveled sine-wave output amplitude for an
eight-division display.

h. Set the Vertical MODE to ADD (CH 1 off).

i. CHECK-—the signal is less than 0.8 division in
amplitude.

j. Disconnect the test setup.

20. Channel Isolation

a. Set:
Vertical MODE CH1andCH?2

: (ADD off)

CH 2 INVERT Off
CH1,CH2,CH3,andCH 4
VOLTS/DIV 0.1V
Trigger SOURCE CH 1

b. Connect the leveled sine-wave generator (SG 503)
output to the CH 1 input via a 50 Q precision BNC
coaxial cable and a 50 O BNC termination.

c. Setthe leveled sine-wave generator (SG 503) out-

put for a five-division signal display amplitude at
100 MHz.
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d. SetCH 2, CH 3, and CH 4 Vertical MODE On (CH 1
off).

e. CHECK-—display ampilitude is 0.1 division or less,
excluding trace width, on the CH 2, CH 3, and CH 4
traces.

f. Move sine-wave generator signal to the CH 2 input.

g. Set:

Vertical MODE CH1,CH3, and
CH 4 (CH 2 off)
Trigger SOURCE CH2

h. CHECK-display amplitude is 0.1 division or less,
excluding trace width, onthe CH 1, CH 3, and CH 4
traces.

i. Move sine-wave generator signal to the CH 3 input.

j. Set
Vertical MODE CH1,CH2, and

CH 4 (CH 3 off)
Trigger SOURCE CH3

k. CHECK-—display amplitude is 0.1 division or less,
excluding trace width, onthe CH 1, CH 2, and CH 4
traces.

. Move sine-wave generator signal to the CH 4 input.

m. Set:

Vertical MODE CH1,CH2, and
CH 3 (CH 4 off)
Trigger SOURCE CH4

n. CHECK-display amplitude is 0.1 division or less,
excluding trace width, onthe CH 1,CH 2,and CH 3
traces.

0. Disconnect the test setup.

21. AC-Coupled Lower -3 dB Point

a. Set
A SEC/DIV 10 ms
Vertical MODE CH 1 (all others

off)
Trigger SOURCE VERT
Trigger MODE NORM
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screen alternately.

b. Connect function generator (FG 502) output to the e. Set CHOP Vertical MODE On.
CH 1 input via a 50 Q) BNC coaxial cable and a 50 £
BNC termination. f. CHECK-—that four traces are sweeping across the
screen simultaneously.
c. Set the function generator output controls to
produce a six-division sine-wave display at 10 Hz .
(with 1o dc offsat). y 23. BEAM FIND Functional Check
d. Set CH 1 Input COUPLING to AC. a. Push BEAMFIND in and hold.
- . . e b. CHECK-—the signal is visible and compressed fully
e. CHECK—display amplitude is 4.2 division ormore. within the graticule area as the horizontal and verti-
f.  Set Vertical MODE to CH 2 (CH 1 off). cal position controls are rotated through their
ranges.
g. Repeat the procedure for CH 2.
c. Release the BEAM FIND button.
h. Disconnect the test equipment from the 2247A.
d. Setall Vertical and Horizontal POSITION controls at
the 12 o’clock position.
22. Vertical ALT and CHOP Modes
a. Set: 24. A and B Trace Separation
Vertical MODE CH1,CH2, a. Set:
CH 3, and CH 4
on A SEC/DIV 1ms
CHOP Vertical MODE Off (ALT Vertical MODE CH 1 (others
mode) off)
CH1andCH2 Horizontal MODE ALT
VOLTS/DIV 10 mv B SEC/DIV 0.5ms
CH3 and CH 4 A/B SELECT B
VOLTS/DIV 0.1V B Trigger MODE RUNS AFTER
CH 1 and CH 2 Input TRACE SEP Fully cw
COUPLING DC
Horizontal MODE A b. Position the CH 1 trace below the center horizontal
SEC/DIV 0.1 ms graticule line to display the separated B trace.
Trigger MODE AUTO LEVEL
c. CHECK-—for at least four divisions of upward trace
b. Position all traces for two divisions of separation separation between the B trace and the A trace.
with the CH 1 trace near the top; then in order down
the graticule area with the CH 4 trace near the d. Set TRACE SEP fully ccw.
bottom.
e. Position the CH 1 trace above the center horizontal
c. Set SEC/DIVto 10 ms. graticule line to display the separated B trace.
d. CHECK-that four traces are sweeping across the f. 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 O BNC coaxial cable

2X BNC attenuator
Dual-input coupler

Function generator
10X BNC attenuator
50 Q) BNC termination
TV signal generator

1.

500 Hz Trigger Sensitivity

a.

Set:

READOQUT (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 1ms

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 1inputvia a50 Q BNC coaxial cable, anda50Q

BNC termination.

Set function generator (FG 502) output to produce a

7.0 division sine-wave display at 500 Hz.

Add a 10X and a 2X BNC attenuator before the 50 ()

BNC termination (for a 0.35 division display).
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NOTE

The Trigger LEVEL control may be used to
obtain a stable display.

CHECK—that the display is stably triggered with
DC, HF REJ, and AC Trigger CPLG; and that the dis-
play will not trigger on NOISE REJ or LF REJ Trigger
CPLG.

Set:

A Trigger CPLG DC

Horizontal MODE B

A/B SELECT B Trigger

B Trigger MODE NORM

B Trigger SOURCE VERT

B Trigger SLOPE —~ {positive-
going)

B SEC/DIV 0.5ms

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 cannot be
triggered in NOISE REJ or LF REJ Trigger CPLG.

Disconnect the test setup from the CH 1 input.


supervisor


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) out-
put to the CH 1 input via a 50 0 BNC coaxial cable
and a 50 Q0 BNC termination.

Set leveled sine-wave generator output to produce
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 1ps

CHECK —that the display cannot be triggered in HF
REJ or NOISE REJ CPLG by adjusting the Trigger
LEVEL control.

25 MHz Trigger Sensitivity

Set:

Horizontai MODE A

A/B SELECT A Trigger
A 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 produce
a 7.0 division display amplitude at 25 MHz.

Add a 10X and a 2X BNC attenuator before the 50 0
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.
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Set:

A Trigger CPLG DC
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 triggered in
NOISE REJ and HF REJ Trigger CPLG settings.

Set leveled sine-wave generator (SG 503) to pro-
duce a 1.4 division display at 25 MHz.

CHECK —that the display can be stably triggered
with NOISE REJ Trigger CPLG but does not trigger
with HF REJ CPLG.

Set:
Horizontal MODE A
A/B SELECT A Trigger

CHECK —that the display is stably triggered with
NOISE REJ Trigger CPLG but does not trigger with
HF REJ CPLG. (The Trigger LEVEL control may be
adjusted to improve display stability in NOISE REJ
CPLG))

150 MHz Trigger Sensitivity

Set Trigger CPLG to DC.

Set leveled sine-wave generator to produce a 1.0
division display at 150 MHz.

CHECK —that the display is stably triggered in DC,
LF REJ, and AC Trigger CPLG.

Set:
Horizontal MODE B
A/B SELECT B Trigger

CHECK —that using the Trigger LEVEL control the
display can be stably triggered in DC, LF REJ, and
AC Trigger CPLG.

Set:

Horizontal MODE A

Vertical MODE CH 2 (CH 1 off)
CH2,CH3,and CH 4

VOLTS/DIV 0.1V

A/B SELECT A Trigger

A Trigger CPLG DC
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g. Move test signal from CH 1 to the CH 2 input.

h. Set leveled sine-wave generator output to produce

a 1.0 division display amplitude at 150 MHz.

i. CHECK—that a stable display can be obtained.
(The Trigger LEVEL control may be adjusted to

improve the display stability.)

j. Repeatthe procedure for CH 3 and CH 4 (turn on the
appropriate Vertical MODE and move the test signal

as required).
k. Move test signal to the CH 1 input.

I.  Set Vertical MODE to CH 1 (others off).

m. Remove the 2X BNC attenuator from the test signal

path.

n. Set leveled sine-wave generator output for a 2.2-

division display amplitude at 100 MHz.

0. CHECK-—that the display is stably triggered with
NOISE REJ Trigger CPLG but is not triggered with

HF REJ Trigger CPLG.

p. Set leveled sine-wave generator output for a

0.5-division display amplitude at 100 MHz.

g. CHECK-that the display is not triggered in NOISE

REJ Trigger CPLG.
r. Set:
A Trigger CPLG DC
Horizontal MODE B
A/B SELECT B Trigger

s. Repeat 100 MHz NOISE REJ Trigger CPLG

procedure for the B Trigger.

5. Single Sweep Mode

a. Set:
Horizontal MODE A
A SEC/DIV 10 us
A/B SELECT A Trigger

b. Remove the 10X BNC attenuator from the test signal

path.
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c. Setleveled sine-wave generator output to produce
a 7.0 division display amplitude at 50 kHz.

d. Adda 10X and a 2X BNC attenuator before the 50
BNC termination. (Display should stably trigger with
AUTO LEVEL finding the correct trigger level
setting.)

e. Set:

A Trigger MODE NORM
CH 1 Input COUPLING GND
Trigger MODE SGL SEQ

f. CHECK—that the Trigger READY LED turns on and
remains on.

g. Set
A INTEN 3/4 fully CW
CH 1 Input COUPLING DC (see

CHECK below)

h. CHECK-that the TRIG'D LED flashes, and the
READY LED tums off after a single sweep and
readout display occurs when the Input COUPLING
switches to DC.

6. Trigger LEVEL Control Range

a. Set:

Trigger MODE AUTO (not
AUTO LEVEL)

Trigger LEVEL Fully ccw

A INTEN For a good
viewing
intensity

b. Remove 10X and 2X BNC attenuators from the test
signal path.

c. Increase leveled sine-wave generator output level
until a stably triggered display is just obtainable.

d. Set Trigger LEVEL fully cw.

e. Setleveled sine-wave generator output for a stable

display (if necessary).

Set CH 1 VOLTS/DiVto 1 V.
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CHECK —that the CH 1 signal display amplitude is
four divisions or more {peak-to-peak). Note that the
signal is not triggered.

Disconnect the test setup from the 2247A.

TV Field Trigger Sensitivity

Performance Check Procedure —2247A Service

Set:

Vertical MODE CH 2 (CH 1 off)

CH 2 VOLTS/DIV 1V

SEC/DIV 0.2ms

Trigger MODE TV FIELD

Trigger SLOPE =\ (negative-
going)

Connect TV signal generator (TSG-100) video out-
put to the CH 2 input via a 50 O BNC cable.

Set CH 2 VAR VOLTS/DIV control for a 0.5 division

composite sync signal.

TV Line Trigger Sensitivity

Set:

A SEC/DIV 2ms
Horizontal MODE B

B SEC/DIV 20 us
A/B SELECT B

B Trigger MODE TV LINE

CHECK—that a stable display is obtained for
various portions of the TV field as the & OR DELAY
control is rotated.

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

Disconnect the TV signal generator from the 2247A.

Line Trigger Functional Check

CHECK—that a stable display is obtained.

Set:

CH 2 INVERT On

Trigger SLOPE —~ (positive-
going)

CHECK—that a stable display is obtained.

Set:

CH 2 INVERT
Trigger SLOPE

Off
—L (negative-
going)

Set:

CH 2 VOLTS/DIV 0.1V (without a
10X probe
attached)

CH 2 Input COUPLING DC

Horizontal MODE A

A SEC/DIV 5ms

Trigger MODE AUTO LEVEL

Trigger SOURCE LINE

Trigger CPLG DC

Connect a 10X probe to the CH 2 input connector,

Attach the probe tip to a length of wire at least four
inches long. Hold the wire near the middle portion of
the instrument power cord.

CHECK —that the display can be triggered in both
-~ (positive-going) and -\ (negative-going)
slopes.

Disconnect the test setup.
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HORIZONTAL

Equipment Required (see Table 4-1)

Time-mark generator
50 Q BNC termination

50 O BNC coaxial cable

1. A and B Sweep Length

Set:

Horizontal MODE

B SEC/DIV

A/B SELECT

Trigger MODE

= OR DELAY Control

B INTEN

B

ims

B Trigger
RUNS AFTER
ccw to the
lowest DELAY
readout value
For a visible
display

CHECK —the Delay Time readout is ?0.000 ms, and
the B Sweep length is greater than 10 divisions.

Horizontal POSITION Range

Set:

Horizontal MODE
Horizontal POSITION

A
Fully cw

CHECK—that the start of trace positions past the

center vertical graticule line.

Set Horizontal POSITION fully ccw.

CHECK —that the 11th time marker is positioned to
the left of the center vertical graticule line.

a. Set
READOUT (Intensity) For a viewable
readout
A INTEN For a viewable
trace
Vertical MODE CH 1
CH1andCH2
Input COUPLING DC
CH 1 VOLTS/DIV 05V
Horizontal MODE A
A SEC/DIV 2ms
Horizontal POSITION 12 o’clock
A/B SELECT A Trigger
Trigger MODE AUTO LEVEL
Trigger SOURCE VERT
Trigger CPLG AC
Trigger SLOPE -~ (positive-
going)
Trigger HOLDOFF Min
Trigger LEVEL 12 o’clock
Measurements All off (press
CLEAR
DISPLAY three
times)
FOCUS For best
defined display
b. Connect time-mark generator (TG 501) to the CH 1
input via a 50 QO BNC coaxial cable and a 50 Q) BNC
termination.
c. Set generator for 2 ms time markers.
d. CHECK-sweep length of the A trace is greater than

10 divisions.
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VAR SEC/DIV Range

Set:

SEC/DIV 1ms
SEC/DIV VAR Fully ccw
Horizontal POSITION 12 o’clock

Set time-mark generator for 5 ms time markers.
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CHECK —the time-mark spacing is equal to or less
than two divisions.

Set SEC/DIV VAR fully cw (calibrated detent).

Magnifier Registration

Set X10 MAG on.

Position the rising edge of a time marker to the cen-
ter vertical graticule line.

Set X10 MAG off.

CHECK—for less than 0.5 division horizontal trace
shift.

A and B Timing Accuracy and Linearity

Set A SEC/DIV to 20 ns.
Set time-mark generator for 20 ns time markers.

Pasition the time marker peaks vertically to the cen-
ter horizontal graticule line (allows use of the minor
division graticule markings as an aid in making the
accuracy checks).

NOTE

For the fastest sweep speeds, where the
time marker peaks are rounded and not
well defined, greater resolution can be
achieved by vertically centering the dis-
play and using the points where the rising
edges of the time markers cross the center
horizontal graticule line as a reference.

Position the second time marker to the second verti-
cal graticule line.

CHECK—that the tenth time marker is within 0.16
division (left or right) of the tenth graticule line.

CHECK—that the spacing of time markers over any
two-division interval within the center eight
divisions does not deviate from the value measured
at the center two divisions by more than 0.1 division.

Repeat the procedure for all other SEC/DIV settings.
Use the SEC/DIV and Time Mark Generator settings
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in the column labeled X1 given in Table 4-3,
Settings for Timing Accuracy Checks.

Set SEC/DIV to 20 ns.

Set time-mark generator for 20 ns time markers.

Set:

Horizontal MODE
B INTEN

B
For a viewable
display

Repeat the CHECK procedure for all the B SEC/DIV

settings.

A and B Magnified Timing Accuracy and Linearity

Set time-mark generator for 5 ns time markers.

Set:

Horizontal MODE A

A SEC/DIV 20 ns

Horizontal MODE B

B SEC/DIV 20 ns

X10 MAG On (for
2 ns/div sweep
speed)

CH 1 VOLTS/DIV 0.5V (use
0.2V for the
5 ns time
markers if
necessary)

Set the Horizontal POSITION controf to 12 o’clock
and then align the rising edge of the nearest time
marker to the second vertical graticule line (center
the display verticaily).

NOTE

For the fastest sweep speeds, where the
time marker peaks are rounded and not
well defined, greater resolution can be
achieved by vertically centering the dis-
play and using the points where the rising
edges of the time markers cross the center
horizontal graticule line as a reference.

CHECK —that the rising edge of the fourth displayed
time marker crosses the center horizontal graticule
line at between 8.27 divisions and 8.73 divisions
from the left-most graticule line.
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Table 4-3

Settings for Timing Accuracy Checks

SEC/DIV Setting Time-Mark Setting

X1 X10 MAG X1 X10 MAG
20 ns 2ns 20 ns 5ns
50 ns 5ns 50 ns Sns
0.1 us 10 ns 0.1 ns 10 ns
0.2 us 20 ns 0.2 us 20 ns
0.5 ps 50 ns 0.5 us 50 ns
1 us 0.1 us 1us 0.1 us
2 us 0.2 us 2 us 0.2 us
5 us 0.5 us 5 us 0.5 us
10 us 1 us 10 ps 1 us
20 us 2 us 20 us 2 us
50 us 5 us 50 us 5 us
0.1 ms 10 ps 0.1 ms 10 us
0.2 ms 20 us 0.2 ms 20 us
0.5 ms 50 ps 0.5 ms 50 ps
1ms 0.1 ms 1ms 0.1 ms
2ms 0.2 ms 2 ms 0.2 ms
5ms 0.5 ms 5 ms 0.5 ms

A Sweep only
10 ms 1 ms 10 ms 1ms
20 ms 2 ms 20 ms 2ms
50 ms 5 ms 50 ms 5ms
01s 10 ms 0.1s 10 ms
02s 20 ms 02s 20 ms
05s 50 ms 05s 50 ms
e. CHECK-—that the spacing of the time markers over Set SEC/DIV to 5 ns.

any 2.5-division interval within the center eight
divisions does not deviate from the value measured
at the center 2.5 divisions by more than 0.12
division. Use the fifth vertical graticule line as a
starting point for the measurement at the center 2.5
divisions. Exclude the first 1/4 division or 25 ns and

any portion of the sweep past the 100th magnified
division.
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Set the Horizontal POSITION control to 12 o'clock
and then align the nearest time marker to the second
vertical graticule line.

CHECK—that the tenth displayed time marker is
within 0.24 division (left or right) of the tenth graticule
line.



CHECK—that the spacing of the time markers over
any two-division interval within the center eight
divisions does not deviate from the value measured
atthe center two divisions by more than 0.1 division.
Exclude the first 1/4 division or 25 ns and any portion
of the sweep past the 100th magnified division.

Repeat the timing and linearity checks for all
SEC/DIV settings between 10 ns and 0.5 ms. Use
the SEC/DIV and Time-Mark Generator X10 MAG
settings given in Table 4-3.

Set:
Horizontal MODE A
SEC/DIV 2 ns (with X10

MAG on)
Set time-mark generator for 5 ns time markers.

. Repeat the magnified timing accuracy and linearity
checks for the A Sweep at all magnified SEC/DIV
settings.

Delay Time Jitter

Set:

X10 MAG Off

A SEC/DIV 1ms
Horizontal MODE ALT
SEC/DIV 0.5 us

Set time-mark generator for 1 ms time markers.

Position the intensified dot to the leading edge of the
10th time marker to display the rising edge onthe B
Trace (using the I« OR DELAY control). it may be
necessary to reduce the A intensity level to observe
the intensified dot.

Set:

Horizontal MODE B

B INTEN Fully cw
(maximum
intensity)

CHECK —that the jitter on the leading edge does not
exceed one division over a two-second interval.
Disregard slow drift.
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Delay Time Accuracy

Time Marker

Set:

Horizontal MODE ALT

B SEC/DIV 10 ps

TRACE SEP Fully ccw
(maximum
downward
position)

CH 1 POSITION To display both
the ALT
and the B

Delayed Traces

Position the intensified dot to full left position
(counterclockwise rotation of the & OR DELAY
control).

Align the leading edge of the time marker displayed
on the B trace to the left-most (first) graticule line,
using only the Horizontal POSITION control.

CHECK —that the readout is 70.000 ms.

Position the intensified zone to the second time
marker and align the leading edge of the time
marker displayed on the B trace to the left-most
(first) graticule line, using only the k& OR DELAY
control. Using the Readout Accuracy Limits given in
Table 4-4, check the delay time accuracy.

Repeat the procedure for the third through tenth time
markers.

Table 4-4
Delay Time Accuracy

Readout Accuracy Limits

1st ? 0.000 ms

2nd 0.945 ms to 1.055 ms
3rd 1.940 ms to 2.060 ms
4th 2.935 ms to 3.065 ms
5th 3.930 ms to 4.070 ms
6th 4.925 ms to 5.075 ms
7th 5.920 ms to 6.080 ms
8th 6.915 ms to 7.085 ms
9th 7.910 ms to 8.090 ms

10th 8.905 ms to 9.095 ms

4-21


supervisor


supervisor


supervisor


Performance Check Procedure —2247A Service

9. Delay Time Position Range
a. Set time-mark generator for 0.1 ms.
b. Set:
A SEC/DIV 1ms
B SEC/DIV 5pus
= OR DELAY control ccw to 70.000
c. CHECK-that the intensified dot is positioned at or
before the second time marker.
d. Turn the & OR DELAY contro! clockwise until the
delay readout stops increasing (largest number).
e. CHECK-—that the intensified dot is positioned at or

after the 98th time marker (located at a Delay Time of
9.9 ms).

Disconnect the time-mark generator from the
2247A.

10. X-Axis Gain Accuracy

a.

Set:

Horizontal MODE X-Y

Vertical MODE CH 2 (CH 1 off)
CH1andCH2

VOLTS/DIV 10 mvV

CH 1 Input COUPLING DC

CH 2 Input COUPLING GND

Connect calibration generator Std Ampl! output to
the CH 1 input via a 50 Q precision BNC coaxial
cable.

Set calibration generator for Std Amp! output,
50 mv.

CHECK—X-Axis amplitude is between 4.85 and
5.15 horizontal divisions.

Disconnect calibration generator.
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11. X-Y Phase Difference

a. Set
Horizontal MODE A
Vertical MODE CH 1 (CH 2 off)
CH 1 Input COUPLING DC

b. Connect leveled sine-wave generator output to the
CH 1 input via a 50 Q) BNC coaxial cable and a 50 Q)
BNC termination.

c. Set leveled sine-wave generator output for six
divisions of signal display amplitude at 50 kHz.

d. Set
Horizontal MODE X-Y
CH 1 Input COUPLING GND

e. Position dot to graticule center.

f. Set CH 1 Input COUPLING to DC.

g. CHECK-—ellipse opening at the center is 0.3
division or less, measured horizontally.

12. X-Axis Bandwidth

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

b. Set leveled sine-wave generator output for six
divisions of horizontal display amplitude at 50 kHz.

c. Setleveled sine-wave output to 3 MHz.

d. CHECK-—-X-Axis display is 4.2 horizontal divisions
or more.

e. Disconnect the test equipment from the 2247A.
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MEASUREMENT CURSORS

Equipment Required (see Table 4-1)

Time-mark generator
500 BNC coaxial cable

Calibration generator
50 O BNC termination

1.

k- SEC = and K 1/SEC - Cursor Accuracy

a.

Set:

READOUT (Intensity) For a viewable
readout

A INTEN For a viewable
trace

Vertical MODE CH 1

CH 1 VOLTS/DIV 05V

CH1andCH2

input COUPLING DC

Horizontal MODE A

A SEC/DIV 1ms

A/B SELECT A Trigger

Trigger MODE AUTO LEVEL

Trigger CPLG DC

Trigger SOURCE VERT

Trigger SLOPE -~ (positive-
going)

Trigger HOLDOFF MIN

CH 2 INVERT Off

SCOPE BW Off

FOCUS For best

defined display

NOTE

Before performing this check, go to
CONFIGURE in the SERVICE MENU and
select NO for INITIALIZE TIME CURSORS/
DELAYS?

Connect time-mark generator (TG 501) output via a
50 &0 BNC coaxial cable and a 50 0 BNC termi-
nation to the CH 1 input.

Set time-mark generator for 1 ms time markers.
Position first time marker horizontally to the first

vertical graticule line (left-most edge of the
graticule).

Press TIME button to display the TIME menu.

Press k= SEC- menu button to tun on time
cursors.

Position the reference cursor to the second time
marker and the delta cursor to the tenth time marker.

CHECK—that the readout is 7.940 ms to 8.060 ms.
Press the TIME button to display the TIME menu.
Set k- 1/SEC - on.

Reposition the reference cursor 1o the second time
marker and the delta cursor to the tenth time marker.

CHECK—that the readout is 124 Hz to 126 Hz.

k- PHASE - Cursor Accuracy

Press the TIME button to display the TIME menu.

Press k- PHASE - menu selection to display the
menu choices.

Set I« SET 360 °~ on.

Position the first time marker to first graticule line.
Then position the Reference cursor to the leading
edge of the second time marker and the delta cursor
to the leading edge of the tenth time marker.

Set k- PHASE - on.

Position delta cursor to the leading edge of the sixth
time marker.

CHECK—that the readout is between 177.9 and
182.1 degrees.

Disconnect time-mark generator.
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k- VOLTS Cursor Accuracy

Set:
CH 1 VOLTS/DIV 01V
SEC/DIV 0.5ms

Select CURSOR VOLTS menu, then select
k- VOLTS A,

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

Set calibration generator to Std Ampl 0.5 V.

Position bottom of the signal to the second hori-
zontal graticule line from the bottomn.

Position the reference cursor to the bottom of the
signal and the delta cursor to the top of the signal
(both cursors move with the I« OR DELAY control).

CHECK—that the readout is between 0.495 V and
0.505 V.

Tracking Cursors Position Accuracy

rh VOLTS-| Cursor Accuracy

Select CURSOR VOLTS menu, then select
i VOLTS .

Position the = control to align the delta cursor with
the top of the waveform.

CHECK —that the readout is between 0.495 V and
0.505 V and none of the cursors move when the
- OR DELAY control is rotated.
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Press CLEAR DISPLAY twice.

Press the CURSOR VOLTS button to display the
CURSOR VOLTS menu. Press the (TO AUTO
TRACKING MENU) button. Press the TRACK TRIG
LVL and TRACK buttons so that those functions are
underlined. Press the (MENU OFF) button to clear
the menus.

Set Trigger MODE to AUTO (not AUTO LEVEL).

Adjust Trigger LEVEL control to align trigger level
cursor with the bottom of the signal.

CHECK —the readout is 0.000 V £0.005 V and the
GND cursor is aligned with the bottom of the signal.

Set trigger level cursor to align with the top of the
signal.

CHECK—the readout is between 0.475 V and
0.525 V.

Press CLEAR DISPLAY.

Disconnect test equipment if ending here.
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CH 1/CH 2 VOLTMETER

Calibration generator

Leveled sine-wave generator

Function generator

Equipment Required (see Table 4-1)

50 Q BNC coaxial cable
50 Q BNC termination
BNC coupling capacitor

1.

DC Volts Accuracy

a.

Set:

READOUT (Intensity)

For a viewable
readout

A INTEN For a viewable
trace

Vertical MODE CH 1

CH 1 VOLTS/DIV 50 mvV

CH 2 INVERT off

SCOPE BW Off

CH 1 Input COUPLING GND

Horizontal MODE A

A SEC/DIV 1ims

A/B SELECT A Trigger

Trigger MODE AUTO LEVEL

Trigger CPLG DC

Trigger SOURCE VERT

Trigger SLOPE —~ (positive-
going)

Trigger HOLDOFF MIN

FOCUS For best
defined display

Horizontal POSITION 12 o’clock

Press the VOLTMETER button and then press DC on
the VOLTMETER menu.

CHECK—ground readout is 0.0 mV +1.2 mV.

Set calibration generator (PG 506) internal Square
Wave/DC switch to DC.

NOTE

The PG 506 must be removed from the TM
power supply to make the change to dc
output from the generator. Turn the power
off before removing or inserting any plug-
in from the TM power supply

Connect the calibration generator Std Ampli output
to the CH 1 input via a 50 Q precision BNC coaxial
cable.

Set calibration generator for Std Ampl output of
50 mV dc.

Set:
CH 1 VOLTS/DIV 10 mv
CH 1 input COUPLING DC

CHECK—the readout is between 49.0 mV and
51.0 mVv.

Set CH 1 VOLTS/DIVio 0.1 V.

Set calibration generator for Std Amp! output of
05V.

CHECK—the readout is between 0.495 V and
0.505 V.

Set CH 1 VOLTS/DIVto 1 V.

. Set calibration generator for Std Ampl output of 5 V.

CHECK—the readout is between 4.95V and 5.05 V.

Disconnect Std Ampl signal from the CH 1 input.

DC Volts Normal Mode Rejection Ratio

Set SEC/DIV to 5 ms.

Connect function generator (FG 502) output to the
CH 1 inputvia a 50  BNC coaxial cable and a BNC
coupling capacitor.

Set function generator for a six-division sine-wave
display amplitude at 50 Hz (with CH 1 VOLTS/DIV at

1V).
Set CH 1 VOLTS/DIV 10 0.2 V.
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CHECK —that the readout is less than :+ 0.010 V.

Disconnect the function generator signal from the
2247A.

+ Peak, -Peak, Peak-to-Peak Volts Accuracy

Set:

Vertical MODE CH 2 (CH 1 off)
CH 2 VOLTS/DIV 10 mV

CH 2 input COUPLING DC

Press the VOLTMETER button and then press
+ PEAK on the VOLTMETER menu.

Set the calibration generator (PG 506) intemnal
Square Wave/DC Switch for a square-wave output
signal.

NOTE

It is necessary to remove the PG 506 from
the TM power supply module to set the
internal Square Wave/DC switch to
square-wave output.

Connect calibration generator Std Ampl output to
the CH 2 input via a 50 Q) precision BNC coaxial
cable.

Set calibration generator for Std Ampl output of
50 mV.

CHECK—that the readout is between 47.0 mV and
53.0 mv.

Set SCOPE BW on.

CHECK—the readout is between 47.7 mV and
52.3 mv.

Set CH 2 INVERT on and select -PEAK from the
VOLTMETER menu.

CHECK—the readout is between -47.7 mV and
-52.3 mV.

Set SCOPE BW off.

CHECK—the readout is between -47.0 mV and
-53.0 mv.
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. Select PK-PK from the VOLTMETER menu and set

CH 2 INVERT off.

CHECK—the readout is between 46.5 mV and
53.5 mV.

Disconnect calibration generator.

25 MHz +Peak, - Peak, and Peak-to-Peak Volts
Accuracy

Connect leveled sine-wave generator (SG 503) out-
put to the CH 2 input via a 50 Q BNC coaxial cable
and a 50 ) BNC termination.

Set CH 2 VOLTS/DIV to 20 mV.

Set leveled sine-wave generator output for a
readout of 100.0 mV 0.5 mV at 50 kHz.

Set leveled sine-wave generator output for 25 MHz.

CHECK—the readout is between 895.0 mV and
105.0 mV.

Select -PEAK from the VOLTMETER menu.

CHECK—the readout is between -46.0 mV and
-54.0 mV.

Select + PEAK from the VOLTMETER menu.

CHECK—the readout is between 46.0 mV and
54.0mV.

100 MHz + Peak, -Peak, and Peak-to-Peak
Volits Accuracy

Set leveled sine-wave generator (SG 503) output
frequency to 100 MHz.

CHECK—the readout is between 34.4 mV and
54.0 mV.

Select -PEAK from the VOLTMETER menu.

CHECK—the readout is between -34.4 mV and
-54.0 mV.,

Select PK-PK from the VOLTMETER menu.

CHECK-the readout is between 69.7 mV and
107.0 mv.

Disconnect the leveled sine-wave signal from the
2247A.
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Gated Volts Accuracy

Set:
A SEC/DIV 0.5ms
CH 2 VOLTS/DIV 10 mv

Press the VOLTMETER button and then select (TO
GATED MEASMT MENU) from the VOLTMETER
menu. Select GATED + PEAK from the GATED
MEASMT menu.

Connect calibration generator (PG 506) Std Ampl
output to the CH 2 input via a 50 Q precision BNC
coaxial cable. Set the generator to Std Ampl output,
50 mv.

Performance Check Procedure —2247A Service

Set the - control for minimum intensified zone width
(counterclockwise rotation).

CHECK—that the width of the dot is less than 0.2
division.

Set the intensified dot {0 a positive peak of the dis-
played waveform, using the = OR DELAY control.

CHECK—the readout is between 47.0 mV and
53.0 mv.

Set the intensified dot to a negative peak of the dis-
played waveform.

CHECK—the readout is 0.0 mV £ 0.5 mV.

Disconnect the test equipment from the 2247A.
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COUNTER/TIMER

Time-mark generator
Digital delay

Leveled sine-wave generator

Equipment Required (see Table 4-1)

50 &) BNC coaxial cables
50 O BNC terminations

Press the COUNTER/TIMER button. Setect PERIOD.

NOTE

For all of the following steps, the Trigger
level cursor must be in the middle of the
waveform.

CHECK —the Trigger tracking cursor falls in the mid-
die of the waveform. If not, set A/B SELECT to B and
press the TRIGGER MODE 1 button. CHECK again.

CHECK —for a readout between 0.999,989,9 us (or
999.989,93 ns) and 1.000,010,1 us.

Disconnect the test equipment from the 2247A.

1. Period
a. Set
READOUT (Intensity) For a viewable
: readout

A INTEN For a viewable
trace

VERTICAL MODE CH 1

CH 1 VOLTS/DIV o5V

CH 1 Input COUPLING DC

Horizontal MODE A

A SEC/DIV 1us

-A/B SELECT A Trigger

Horizontal POSITION 12 o’clock

TRIGGER MODE AUTO LEVEL

TRIGGER SOURCE VERT

TRIGGER CPLG DC

TRIGGER SLOPE —~ (positive-
going)

TRIGGER HOLDOFF MIN

TRIGGER LEVEL 12 o’clock

Measurements All off (press
CLEAR
DISPLAY
three times)

FOCUS For best-defined
display

Connect time-mark generator (TG 501 Option 01) to
the CH 1 input connector via a 50 @ BNC coaxial
cable and a 50 ) BNC termination.

Set the time-mark generator for 1 us time markers.

CHECK —the time markers are between two and four
divisions high on the 2247A crt.

Press the CURSOR VOLTS button. Select (TO AUTO
TRACKING MENU). Select TRACK TRIG LVL. Select
(MENU OFF) to remove the menu.

Width

Set:

VERTICAL MODE CH 2 (CH 1 off)
CH 2 VOLTS/DIV 05V

CH 2 INVERT Off

A SEC/DIV 20 ns

A/B SELECT A

A SLOPE W

A TRIGGER MODE AUTO LEVEL
A TRIGGER SOURCE VERT

A TRIGGER CPLG DC

Set the time-mark generator (TG 501 Option 01) to
0.1 ps.

Connect the time-mark generator Marker Out
through a 50 ) coaxial cable and a 50 Q terminator
to the digital delay (DD 501) Events Input. Connect
the time-mark generator Trigger Out through a 50 O
coaxial cable and a 50 Q terminator to the digital
delay Start Input. Connect the digital delay Dly’'d
Trig Out through a 50 Q coaxial cable and a 50 0
terminator to the CH 2 input connector.
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Set the digital delay Count to 00000, the Events
Slope to +, and the Start Slope to +.

Press the CURSOR VOLTS button. Select (TO AUTO
TRACKING MENU). Check that TRACK TRIG LVL is
underlined. (If it is not underlined, select TRACK
TRIG LVL from the AUTO TRACKING menu.)

Press the COUNTER/TIMER button. Select FREQ.

Adjust the digital delay trigger levels so that all
TRIG’D lights are on. Check for a frequency readout
of approximately 10 MHz; if not, readjust the Events
and/or Start trigger level on the digital delay until the
readout is 10 MHz.

Position the trace in the middie of the crt.

Press the COUNTER/TIMER button. Select WIDTH.

Set the digital delay Count to 09999. The trace
should dim out. (intensity may need to be readjusted
to see the pulse.)

Set the B Trigger SLOPE to .

CHECK —the Trigger tracking cursor falls in the mid-
dle of the waveform; if not, push the B TRIGGER
MODE * button and CHECK again.

. WRITE DOWN —the readout (it should be about
20 ns) in ps. (If the readout is 20 ns, write down
0.02 pus.) Keep the readout in the 10 to 35 ns range
by adjusting the digital delay trigger level slightly.

Set the B SLOPEto .

WRITE DOWN—the readout in us. It should be
about 999 us. ADD this to the readout noted in
step m.

CHECK—that the sum of the two readouts is
between 999.986 and 1000.014 pus.

Disconnect the test equipment from the 2247A.
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Rise Time Accuracy

Set:

VERTICAL MODE CH 1 (CH 2 off)
CH 1 VOLTS/DIV 0.2V

A SEC/DIV 0.2 us

A SLOPE W

Connect sine-wave generator (SG 503) to the CH 1
Input connector via a 50 Q cable and a 50 O
terminator.

Set the leveled sine-wave generator Frequency to
1 MHz and the Ampi. Multiplier to X1.

Press the COUNTER/TIMER button. Select FREQ.

Adjust the sine-wave generator for five divisions of
signal.

Adjust the sine-wave generator for 0.998,000,0 MHz
{998.000.00 kHz) to 1.002,000,0 MHz readout on the
crt.

Press the TIME button. Select (TO RISE/FALL
MENU). Select TRIG 10-90. Select RISE. '

CHECK—-for a readout between 260.11 and
330.23 ns.

NOTE

A 1 MHz sinewave has a 10-90% rise time
of 285.167 ns; 20-80% rise time is
204.833 ns.

Move the sine-wave generator to the EXT
COUNTER/TIMER TIME BASE INPUT on the Rear
Panel of the 2247A.

Press the COUNTER/TIMER button, and select
FREQ.

CHECK—The “ct” readout in the right top corner of
the crt has “ET” above it. (The readout may be
flashing the message “FINDING PEAKS,” “NO

START,” or “NO RISE.” That is okay.) '

NOTE

If the above check fails, try to readjust the
sine-wave generator frequency closer to
1 MHz. See steps c through f.

Disconnect the test equipment from the 2247A.
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EXTERNAL Z-AXIS, PROBE ADJUST, AND

AUTO SETUP FUNCTIONS

Calibration generator

Two 50 Q) BNC coaxial cables
50 O Precision BNC coaxial cable

Equipment Required (see Table 4-1)

BNC T-connector
Test oscilloscope with a 10X probe

1.

Check External Z-Axis input

a.

C.

Set:

READOUT (Intensity) For a viewable
readout

A INTEN For a viewable
trace

Vertical MODE CH 1

CH 1 VOLTS/DIV 1V

CH 2 INVERT Off

SCOPE BW Off

CH 1 Input COUPLING DC

Horizontal MODE A

A SEC/DIV 0.5ms

A/B SELECT A Trigger

Trigger MODE AUTO LEVEL

Trigger CPLG DC

Trigger SOURCE VERT

Trigger SLOPE —~ (positive-
going)

Trigger HOLDOF® MIN

Measurements All off (Press
CLEAR
DISPLAY three
times)

FOCUS For best
defined display

Horizontal POSITION 12 o’clock

CHECK—waveform display intensity starts
decreasing at 1.8V or less and the waveformis com-
pletely blanked out at 3.8 V.

Set A INTEN to midrange.

Disconnect the test equipment from the 2247A.

PROBE ADJUST Output

Set:

CH 1 Vertical MODE 10mv
SEC/DiV 0.2ms

Connect a 10X probe to the CH 1 input connector
and connect the probe tip to the 2247A PROBE
ADJUST output. (When using Tektronix coded
probes the readout changes to .1V.)

CHECK —for a 5-division vertical display of PROBE
ADJUST square-wave signal {(square-wave period
is typically 1 ms, within 25%).

AUTO SETUP Functional Check

Connect calibration generator (PG 506) Std Ampl
output to the CH 1 and the EXT Z-AXIS inputs via a
50 Q precision BNC coaxial cable, a BNC T-
connector, and two 50 Q0 BNC coaxial cables. Set
generator to Std Amp! output, 5 V.

Set A INTEN to maximum intensity.
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Set:

CH 1 COUPLING GND
CH 1 VOLTS/DIV 2mv
A SEC/DIV 20 ns

Press the AUTO SETUP button.

Check that the Probe Adjust waveform is stably dis-
played on the upper half of the crt.

Run MAKE FACTORY SETTINGS Routine

Press the top and bottom Menu-Select buttons to
display the SERVICE MENU.
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Press the down-arrow menu button to underline the
INTERNAL SETTINGS MENU.

Press SELECT.

Press the down-arrow menu button once and press
RUN to run the MAKE FACTORY SETTINGS routine.

Performance Check Procedure —2247A Service

e. When the routine is finished, press the CLEAR
DISPLAY button to return to the normal oscilloscope
mode.

THIS COMPLETES THE PERFORMANCE CHECK
PROCEDURE.
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Section 5—2247A Service

ADJUSTMENT PROCEDURE

INTRODUCTION

IMPORTANT — PLEASE READ BEFORE USING THIS PROCEDURE

PURPOSE

This Adjustment Procedure returns the instrument to con-
formance with the Performance Requirements as listed
in the specification tables in section 1. Adjustments
should be done only after the checks in the Performance
Check Procedure (section 4) have indicated a need for a
readjustment of the instrument.

TEST EQUIPMENT REQUIRED

The test equipment listed in Table 4-1 (section 4) is
required to complete the Adjustment Procedure in this
section and the Performance Check Procedure in
section 4. Test equipment specifications described in
Table 4-1 are the minimum necessary to provide
accurate results; you must use equipment that meets or
exceeds these specifications. Detailed operating
instructions for test equipment are not given in this pro-
cedure; if more operating information is required, referto
the appropriate test equipment instruction manual.

When equipment other than that recommended is used,
control settings of the test setup may need to be altered.
If the exact item of equipment given as an example in
Table 4-1 is not available, first check the Use column to
verify use of the item. Then use the Minimum Specifi-
cation column to determine whether other available test
equipment can be used.

LIMITS AND TOLERANCES

The limits and tolerances stated in this procedure are
instrument specifications only if they are listed in the
Performance Requirements column of Table 1-1,
Electrical Characteristics. Tolerances given are appli-
cable only to the instrument under adjustment and do not
include test equipment error. Adjustments must be made
at an ambient temperature between +20°C and

+30°C, and the instrument must have had a warm-up
period of at least 20 minutes.

PARTIAL PROCEDURES

This procedure is divided into subsections to permit
adjustment of individual sections of the instrument
(except the Power Supply) whenever a complete
readjustment is not required. For example, if only the
Vertical section fails to meet the Performance Require-
ments (or has had repairs made or components
replaced), it can be readjusted with little or no effect on
other sections of the instrument. However, if the Power
Supply section has undergone repairs or adjustments
that change the absolute value of any of the supply
voltages, a complete readjustment of the instrument is
required.

Atthe beginning of each subsection is a list of the initial
front-panel control settings required to prepare the
instrument for step 1 in that subsection. Each
succeeding step within a subsection should then be
done completely and in the sequence given to ensure
that control settings will be correct for steps that follow.

INTERNAL ADJUSTMENTS AND
ADJUSTMENT INTERACTION

Do not preset any internal controls, since that may make
it necessary to recheck or readjust a major portion of the
instrument when only a partial check or adjustment
might otherwise have been required. To avoid
unnecessary checks and adjustments, change an in-
ternal control setting only when a Performance Charac-
teristic cannot be met with the original setting. When
independently changing the setting of any internal
control, always check Table 5-1 for possible interacting
adjustments that might be required.
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Table 5-1
Adjustment Interactions

ADJUSTMENTS OR
REPLACEMENTS MADE

ADJUSTMENTS AFFECTED

+7.5 V_ADJUST

READOUT VERTICAL CENTERING
CH 2 STEP BALANCE

CH 1 MF/LF GAIN & COMP

CH 4 INPUT CAPACITANCE

CH 1 INPUT COMP Xi0

GRID BIAS
TRACE ROTATION

ASTIGMATISM
GEOMETRY
READOUT JITTER

H 2 GAIN
HORIZONTAL X4 GAIN (TIMING)

READOUT HORIZONTAL GAIN

MAG REGISTRATION

CH 2 INPUT CAPACITANCE
A 0.5z TIMING

CH 1 INPUT COMP X100
CH 1 GAIN

CH 2 INPUT COMP X410

CH 2 INPUT COMP X100
DELAY-LINE HF COMP

8 TRIGGER BANDWIDTH
MID-FREQUENCY FLATNESS
C/T 40MHz CAL

SELF CHARACTERIZATION

CH 3 MF/LF COMP
CH 4 MF/LF COMP
CH 3 HF COMP

CH 4 HF COMP
2ns TIMING

X _GAIN

C

N VERTICAL OUTPUT GAIN
N\ CH 1 STEP BALANCE
N CH 3 STEP BALANCE
\J CH 4 STEP BALANCE

+7.5 V_ADJUST

N
N

N CH 2 MF/LF GAIN & COMP

N\ CH 3 GAIN

N

N\ CH 4 _GAIN

N HORIZONTAL X10 GAIN (TIMING)
N B _0.548 TIMING

N\

B
N VOLTs cAL

\

BRID BIAS

ASTIGMATISM

TRACE ROTATION

GEOMETRY X v

READOUT JITTER 7,

VERTICAL OUTPUT GAIN %

READOUT VERTICAL CENTERING

S
N

STEP BALANCE

STEP BALANCE 7

STEP BALANCE

N

STEP_BALANCE %

MF/LF GAIN & COMP 7
INPUT CAPACITANCE

INPUT COMP X10

INPUT COMP X400

GAIN

MF/LF GAIN & COMP

INPUT CAPACITANCE

INPUT COMP X10

INPUT COMP X100

SAIN

MF/LF COMP

GAIN

MF/LF_COMP

0
x
PR HAIENIIVGVIGV DV T [ T Ll L R (A 1) L

CH 4 GAIN

DELAY-LINE HF COMP

N
N
N

CH 3 HF CoMP

CH 4 HF COMP

HORIZONTAL X4 GAIN (TIMING)

HORIZONTAL X30 GAIN (TIMING)

READOUT HORIZONTAL GAIN

MAG REGISTRATION

A 0.5ss TIMING

N

B 0.548 TIMING

2ns TIMING

X GAIN

VOLTS CAL

N

B TRIGGER BANDWIDTH

MID-FREQUENCY FLATNESS

C/T_40MHz CAL

CRT REPLACEMENT %

The use of Table 5-1 is particularly important if only a
partial procedure is done, or if a circuit requires
readjustment due to a component replacement. To use
this table, first find the adjustment that was made
(extreme left columny). Then move to the right, across the
row, until you come to a darkened square. From the

5-2

darkened square, move up the table to find the affected
adjustment at the heading of that column. Check the
accuracy of this adjustment using the Performance
Check Procedure in section 4. Then, if necessary, make
a readjustment.


supervisor



Adjustment Procedure —2247A Service

Hyperlinked Page - Scroll UP or Down - Right click to select

Specific interactions are called out within certain adjust-
ment steps to indicate that the adjustments must be
repeated until no further improvement is noted.

PREPARATION FOR ADJUSTMENT

it is necessary to remove the cabinet to do the Adjust-
ment Procedure. See the cabinet removal instructions in
the Maintenance section of this manual.

All test equipment items required to do the complete
Adjustment Procedure are described in Table 4-1 atthe
beginning of section 4, Performance Check Procedure.
The specific items of equipment needed to do each sub-
section in this procedure are listed at the beginning of
that subsection.

Connect the test equipment and the 2247A to an
appropriate ac-power source and allow 20 minutes
warmup before making any adjustments.

INDEX TO ADJUSTMENT PROCEDURE

Power Supply, Display, and Z-Axis

1. Power Supply DC Levels (R2252) ...... 5-4
2. GridBias (R2719) ................... 5-5
3. Astigmatism (R2788) ................. 5-5
4. Trace Rotation (FrontPanel) ........... 5-5
5. Geometry (R2784) . .................. 5-5
6. Readout Jitter (R724) ................ 5-5
Vertical

1. Vertical Output Gain (R703) and Readout

Vertical Centering (R260) ............. 5-6
2.Ch1StepBalance(R12) ............. 5-6
3.Ch28StepBalance(R22) ............. 5-7
4. Ch3 Step Balance (R141) ............ 5-7
5. Ch 4 Step Balance (R161) ............ 5-7
6. Ch 1 MF/LF Gain (R13) and

Compensation (C1) .................. 5-7

7. Ch 1 Input Capacitance (C114) ........ 5-7
8. Ch 1 Input Compensation X10 (C11) .... 5-7
9. Ch 1 Input Compensation X100 (C10) ... 5-7
10. Ch1Gain(R211) .................... 5-7
11. Ch 2 MF/LF Gain (R23) and

Compensation (C2) ..................
12. Ch 2 Input Capacitance (C124) ........
13. Ch 2 Input Compensation X10 (C21) ....
14. Ch 2 Input Compensation X100 (C20) . ..
15. Ch2Gain(R221) ....................
16. Ch 3 MF/LF Compensation (C134) ......
17.Ch3Gain(R231) . ...................
18. Ch 4 MF/LF Compensation (C154) ......
19. Ch4Gain(R241) ....................
20. Delay-line HF Compensation

O OO0 ®E®

(R272, R273, R275, C274, C273) ....... 5-9
21. Ch 3 HF Compensation (C138) ........ 5-9
22. Ch 4 HF Compensation (C158) ........ 5-9
23. Ch 1 and Ch 2 Bandwidth Check . ... .. 5-10
24. Ch 3 and Ch 4 Bandwidth Check .. .... 5-10
Horizontal
1. Horizontal X1 Gain (Timing) (R826) .... 5-11
2. Horizontal X10 Gain (Timing) (R825) ... 5-11
3. Readout Horizontal Gain (R823) and
MAG Registration (R809) ............ 5-11
4. AOS usTiming (C314) .............. 5-12
5.B0.5usTiming(C329) .............. 5-12
6. 2ns Timing (C807,C814) ............ 5-12
7.XGain(RB27) ..................... 5-12

Measurement Bandwidth and Self Characterization

1.VoitsCal (RS20) .................... 5-13

2. B Trigger Bandwidth (R455) .......... 5-13

3. Self Characterization . ............... 5-13
Counter/Timer

1. Counter/Timer 10MHz CAL (C1904) .... 5-15
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Adjustment Procedure —2247A Service

POWER SUPPLY, DISPLAY, AND Z-AXIS

Equipment Required (see Table 4-1)

Calibration generator

Digital multimeter (DMM)
Leveled sine-wave generator
Test oscilloscope with 10X probe

Time-mark generator
50 Q) coaxial cable
50 ) termination

See ADJUSTMENT LOCATIONS

at the back of this manual for test points and adjustment locations.

INITIAL CONTROL SETTINGS b. CHECK—Voltage reading is within the range given
in Table 5-2.
Set: c. Move DMM positive lead to each of the other supply
. voltages in Table 5-2 and check that voltage ranges
Vertical MODE CH1 are within limits.
CH 1 COUPLING DC
VOLTS/DIV ' 01V
Vertical POSITION NOTE
Controls 12 o’clock
Horizontal MODE A If all supply voltages are within the limits
A/B SELECT A given in Table 5-2, it is not necessary to
SEC/DIV 0.1 ms adjust the power supply. If voltages are not
Trigger LEVEL 12 o’clock within limits, you will have to adjust the
HOLDOFF MIN (ccw) +7.5V supply, recheck the other
SLOPE —" voltages, and continue with a complete
Trigger MODE AUTO LEVEL readjustment of the instrument.
Trigger SOURCE CH1
Trigger CPLG DC
MEASUREMENTS off Table 5-2
MENU Displays Off Power Supply Voltage Limits
A INTEN 10 o’clock
READOUT 12 o’clock
] Nominal Test Point Limits
FOCUS Z?S(p?/aey”‘deflned SUpp'y (+ lead) (0 °C to 50 oc)
Volit Mi M
SCALE ILLUM Fully cow o298 o =
+130 V J1204-11 +127 to +135
58 V J1204-10 55.7 t 9.2
PROCEDURE : 122.710 *5

Power Supply DC Levels (R2252)

Connect a Digital Multimeter (DMM) negative lead
to chassis ground. Connect positive lead to first test
point listed in Table 5-2 (all test points on J1204,

Main board).

5-4

+15V

J1204-7

+14.6 to +15.6

+7.5V

J1204-8

+7.4 to +7.6

+5.0 V

J1204-1,2

+5.0 to +5.3

-5.0V

J1204-5

-5.1to0 -5.4

-7.5V

J1204-9

-7.4 to -7.8

-15V

J1204-6

-15.5 to -16.6
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Connect a digital multimeter (DMM) negative lead to
chassis ground and positive lead to +7.5V test
point (J1204-8).

ADJUST— +7.5 V ADJ (R2252) for +7.5 V and
check that all supply voltages in Table 5-2 are within
limits. The + 7.5V Adjustment is accessibie through
the right side frame.

Disconnect digital multimeter.

Grid Bias (R2719)

Set:

HORIZ MODE X-Y

CH 1 VOLTS/DIV 5V

CH 1 COUPLING GND

SCOPE BW On

A INTEN Fully ccw (off)
B INTEN Fully ccw (off)
READOUT (Intensity) Fully ccw (off)
SCALE ILLUM Fully ccw (off)

ADJUST —GRID BIAS (R2719) for a visible dot.

Position dot just off center screen with vertical or
horizontal POSITION controls.

Set FOCUS control for a well-defined dot.

ADJUST—-GRID BIAS (R2719) so that the dot is no
ionger visible. Do not continue adjusting R2719 past
the point where the dot disappears.

Astigmatism (R2788)

Set:

HORIZ MODE A

A INTEN 10 o’clock
READOUT (Intensity) 12 o’clock
SEC/DIV 5 us

VAR SEC/DIV Detent (fully cw)

Adjustment Procedure—2247A Service

Trace Rotation (Front Panel)

Set CH 1 COUPLING to GND.

Position trace to center horizontal graticule line and
beginning of trace to first vertical graticule line.

ADJUST —TRACE ROTATION (front panel) to align
trace parallel with center horizontal graticule line.

Geometry (R2784)

Set:

CH 1 VOLTS/DIV 0.1V
CH 1 COUPLING DC
SEC/DIV 50 ps

READOUT (Intensity) Fully ccw (off)

Connect time-mark generator to CH 1 via 50 Q
cable and 50 Q) termination. Display 10 us time
markers.

Position base trace below bottom graticuie line.

NOTE

It may be necessary to increase the A
intensity during this step to see the time
markers.

ADJUST — GEOM (R2784) for minimum bowing of
time markers across the full graticule area. Vertical
bowing of time marker across screen should be no
more than 0.1 division.

Disconnect time-mark generator.

Readout Jitter (R724)

CH 1 VOLTS/DIV
CH 1 COUPLING

10 mv
DC

Connect leveled sine-wave generator output to the
CH 1 input connector via a 50 0 BNC coaxial cable
and a 50 & BNC termination. Set for a 5-division
display at 50 kHz.

ADJUST —ASTIG (R2788) together with front-panel
FOCUS control for best overall resolution of the
sine-wave display.

Disconnect leveled sine-wave generator.

Set:

READOUT (intensity) 12 o’clock
SEC/DIV 10 ms

CH 1 COUPLING DC

A INTEN Fully ccw (off)

Connect calibration generator (PG 506) Std Ampl
output to CH 1 input via 50 Q precision coaxial
cable. Set generator for Std Ampl and 1 volt.

ADJUST — Readout Jitter (R724) for the least amount
of jitter or sway in the readout.

Disconnect calibration generator.
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Adjustment Procedure —2247A Service

VERTICAL

Equipment Required (see Table 4-1)

Calibration generator
Leveled sine-wave generator
50 () coaxial cable

50 Q termination
Precision normalizer (20 pF)

1.

See ADJUSTMENT LOCATIONS

INITIAL CONTROL SETTINGS

at the back of this manual for locations of test points and adjustments.

Press the down arrow on the SERVICE MENU to
underline INTERNAL SETTINGS MENU and then
press SELECT. Press the down arrow on the
INTERNAL SETTINGS MENU to underline ADJUST
VERTICAL OUTPUT and then press RUN to run the
ADJUST VERTICAL QUTPUT routine.

NOTE

For this adjustment, the 2247A must be
placed in the “normal” operating position
to avoid incorrect alignment due to effects
of the earth’s magnetic field.

ADJUST-VO GAIN (R703) and RO VERT CEN-
TERING (R260) alternately until dashed lines pro-
duced by the diagnostics are aligned with dotted
lines on the graticule.

Press the CLEAR DISPLAY button to return to the
normal oscilloscope display.

CH 1 Step Balance (R12)

Set:

Vertical MODE CH1and CH2

INPUT COUPLING DC

VOLTS/DIV 0.1V

Vertical POSITION

Controls 12 o'clock

Horizontal MODE A

A/B SELECT A

SEC/DIV 0.1 ms

Trigger LEVEL 12 o’clock

HOLDOFF MIN (ccw)

SLOPE W

Trigger MODE AUTO LEVEL

Trigger SOURCE VERT

Trigger CPLG DC

MEASUREMENTS Off

MENU Displays Off

A INTEN 10 o’clock

READOUT 12 o'clock

FOCUS For well-defined

display

SCALE ILLUM Fully ccw

PROCEDURE

Vertical Output Gain (R703) and Readout
Vertical Centering (R260)

Run ADJUST VERTICAL OUTPUT routine.

Access the SERVICE MENU by simultaneously
pressing the top and bottom menu-select buttons.

5-6

Set:

Vertical MODE CH 1 (CH 2 off)
CH 1 COUPLING GND

SCOPE BW On

Position trace 1o center of horizontal graticule line.

ADJUST-—R12 (CH 1 STEP BALANCE) so the trace
does not move vertically while switching CH 1
VOLTS/DIV switch from 10 mV to 50 mV.
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CH 2 Step Balance (R22)

Set:
Vertical MODE CH 2 (CH 1 off)
CH 2 COUPLING GND

Position trace to center horizontal graticule line.

ADJUST —R22 (CH 2 STEP BALANCE) so that trace
does not move vertically while switching CH 2
VOLTS/DIV switch from 10 mV to 50 mV.

CH 3 Step Balance (R141)

Set Vertical MODE to CH 3 (CH 2 off).
Position trace to center horizontal graticule line.
ADJUST—-R141 (CH 3 STEP BALANCE) so that

trace does not move vertically while switching CH 3
VOLTS/DIV switch from 0.1 Vio 0.5 V.

CH 4 Step Balance (R161)

Set Vertical MODE to CH 4 (CH 3 off).
Position trace to center horizontal graticule line.
ADJUST-—-R161 (CH 4 STEP BALANCE) so that

trace does not move vertically while switching CH 4
VOLTS/DIV switch from 0.1 Vto 0.5 V.

CH 1 MF/LF Gain (R13) and Compensation
(C1)

Set:

Vertical MODE CH 1 (CH 4 off)
CH 1 VOLTS/DIV 50 mVv

CH 1 COUPLING DC

SEC/DIV 50 us

Connect calibration generator (PG 506) High Ampl
outputto CH 1 input via 50 Q BNC coaxial cable and
50 () BNC termination. Set generator for High Ampl.
Set Period to 10 kHz and adjust Pulse Amplitude for
a 5-division display.

ADJUST—-R13 (CH 1 MF/LF GAIN) and C1 (CH 1
MF/LF COMP) for the flattest response.

Adjustment Procedure —2247A Service

7. CH 1 Input Capacitance (C114)

a. Set
CH 1 VOLTS/DIV 10 mV
SEC/DIV 0.2ms

b. Add precision normalizer between termination and
CH 1 input connector. Set calibration generator
Period t0 1 kHz and adjust Pulse Amplitude for
5-division display.

c. ADJUST—C114 (CH 1 INPUT CAPACITANCE) for
best flat top.

d. Remove precision normalizer from the input cable.

8. CH 1 Input Compensation X10 (C11)

a. Set
CH 1 VOLTS/DIV 01V
SEC/DIV 50 us

b. Set calibration generator Period to 10 kHz and
adjust Pulse Amplitude for a 5-division display.

c. ADJUST—C11 (CH 1 INPUT COMP X10) for flattest
response.

9. CH 1 Input Compensation X100 (C10)

a. SetCH1VOLTS/DIVto 1V.

“b.  Set calibration generator amplitude for a 5-division
display.

c. ADJUST-—C10(CH 1INPUT COMP X100) for flattest
response.

10. CH 1 Gain (R211)

a. Set calibration generator to Std Ampl and Amplitude
to 50 mV. Remove 50  termination from input
cable.

b. Set:

CH 1 VOLTS/DIV 10 mv
SEC/DIV 0.2ms

ADJUST —-CH 1 GAIN (R211) for exactly a 5-division
display amplitude.
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Adjustment Procedure —2247A Service

11. CH 2 MF/LF Gain (R23) and Compensation
(C2)

a. Set:

Vertical MODE CH 2 (CH 1 off)
CH 2 VOLTS/DIV 50 mv

CH 2 COUPLING DC

SEC/DIV 50 ps

b. Move calibration generator signal to CH 2 input. Add
50 Q termination.

c. Set calibration generator for High Ampl. Set Period
to 10 kHz and adjust Pulse Amplitude for 5-division
display.

d. ADJUST—R23 (CH 2 MF/LF GAIN) and C2 (CH 2
MF/LF COMP) for flattest response.

12. CH 2 Input Capacitance (C124)

a. Set:

CH 2 VOLTS/DIV 10 mv
SEC/DIV 0.2ms

b. Add precision normalizer between termination and
CH 2 input connector. Set calibration generator
Period to 1 kHz and adjust Pulse Amplitude for
5-division display.

Cc. ADJUST—-C124 (CH 2 INPUT CAPACITANCE) for
best flat top.

d. Remove precision normalizer from the input cable.

13. CH 2 Input Compensation X10 (C21)

a. Set:

CH 2 VOLTS/DIV 01V
SEC/DIV 50 us
b. Set calibration generator Period to 10 kHz and

adjust Pulse amplitude for a 5-division display.

ADJUST—-C21 (CH 2 INPUT COMP X10) for flattest
response.

5-8

14.

CH 2 Input Compensation X100 (C20)

a. SetCH2VOLTS/DIVio 1 V.

b. Set calibration generator amplitude for a 5-division
display.

c. ADJUST—C20 (CH2INPUT COMP X100) for flattest
response.

15. CH 2 Gain (R221)

a. Set calibration generator to Std Ampl and Amplitude
to 50 mV. Remove 50 O termination from the input
cable.

b. Set:

CH 2 VOLTS/DIV 10 mv
SEC/DIV 0.2ms

c. ADJUST-CHZ2GAIN (R221) for exactly a 5-division
display amplitude.

16. CH 3 MF/LF Compensation (C134)

a. Set:

Vertical MODE CH 3 (CH 2 off)
CH 3 VOLTS/DIV 01V
SEC/DIV 50 pus

b. Move calibration generator signalto CH 3 input. Add
50 O termination.

c. Set calibration generator for High Ampl. Set Period
to 10 kHz and adjust Pulse Amplitude for a
5-division display.

ADJUST-—-C134 (CH 3 MF/LF COMP) for flattest
response.

17. CH 3 Gain (R231)

a. Set:

CH 3 VOLTS/DIV 05V
SEC/DIV 0.2ms

b. Set calibration generator for Std Ampl. Set Ampli-
tude to 2 V. Remove 50 O termination.

c. ADJUST—CH 3 GAIN (R231) for exactly 4 divisions

display amplitude.
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18. CH 4 MF/LF Compensation (C154)

a. Set:

Vertical MODE CH 4 (CH 3 off)
CH 4 VOLTS/DIV 01V
SEC/DWV 50 us

b. Move calibration generator signal to CH 4 input. Add
50 Q termination.

c. Set calibration generator for High Ampl. Set Period
to 10 kHz and adjust Pulse Amplitude for a
5-division display.

d. ADJUST—-C154 (CH 4 MF/LF COMP) for flattest
response.

19. CH 4 Gain (R241)

a. Set:

CH 4 VOLTS/DIV 05V
SEC/DIV 0.2ms

b. Set calibration generator for Std Ampl. Set Ampli-
tude to 2 V. Remove 50 Q termination.

c. ADJUST-—CH 4 GAIN (R241) for exactly a 4-division
display amplitude.

d. Disconnect calibration generator from CH 4.

e. Run the SELF CAL MEASUREMENTS routine. (See
Self Characterization in the Measurement Band-
width and Self Characterization subsection of this
procedure.)

20. Delay-Line HF Compensation (R272, R273,

R275, C274, C273)

a. Set:

Vertical MODE CH 1 (CH 4 off)
CH 1 VOLTS/DIV 50 mv
SEC/DIV 20 ns

SCOPE BW Off

b. Connect calibration generator positive—going Fast
Rise Output to the CH 1 input via a 50 O precision
coaxial cable and a 50 ) termination.

c. Setcalibration generator for Fast Rise at 1 MHz and

adjust Puise Amplitude for a 5-division display.

Adjustment Procedure —2247A Service

d. Position the top of display to the center horizontal
graticule line.

e. SetX10MAG on (for a 2 ns per division display) and
turn the Horizontal POSITION control clockwise until
the rising edge of the pulse is displayed.

f. ADJUST-—DLY LINE HF COMP adjustments (R272,
R273, R275) for flattest response and (C274, C273)
for sharpest front corner with minimum overshoot.
Figure 5-1 shows the area of the waveform affected
by each adjustment.

l T 1 1
R275/C273/C274 I
(HIGH FREQ) T
u:w R273 T
%0 —+ (MID FREQ) —F
344 {tlll Llll-illll 41 11 1434 431 1 3 1
\ I
R272 I
10 __ (LOW FREQ) T
olx I
ciw:. 28
(6081-14)6367-38
Figure 5-1. Areas of waveform affected by HF
compensation.

21. CH 3 HF Compensation (C138)

a. Set:

Vertical MODE CH 3 (CH 1 off)
CH 3 VOLTS/DIV 05V
X10 MAG Off

b. Move calibration generator signalto CH 3. Set Pulse
Amplitude to maximum to obtain about a 2.5 division
display.

c. ADJUST-C138 (CH 3 HF COMP) for flattest -
response.

22. CH 4 HF Compensation (C158)

a. Set:

Vertical MODE CH 4 (CH 3 off)
CH 4 VOLTS/DIV 05V

5-9
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Adjustment Procedure —2247A Service

b. Move calibration generator signal to CH 4.

c. ADJUST—-C158 (CH 4 HF COMP) for flattest
response.

d. Disconnect calibration generator.

23. CH 1 and CH 2 Bandwidth Check

a. Set:
Vertical MODE CH 1 (CH 4 off)
CH 1 VOLTS/DIV 2mv
SEC/DIV 0.1 ms

b. Connect leveled sine-wave generator output to the
CH 1 input via a 50 Q precision coaxial cabie and a
50 Q BNC termination.

c. Set leveled sine-wave generator output for a six-
division signal amplitude at 50 kHz.

d. CHECK-—the displayed signal amplitude is 4.2
divisions or more as the frequency is increased to
90 MHz.

e. Repeat the frequency setup and CHECK procedure

for VOLTS/DIV settings of 5 mV, 50 mV, and 0.5 V,
except perform CHECK at 100 MHz.

Move the test signal to the CH 2 input.

g. Set
Vertical MODE CH 2 (CH 1 off)
CH 2 VOLTS/DIV 2mVv

h. Repeat the complete bandwidth check procedure
for Channel 2.

24. CH 3 and CH 4 Bandwidth Check

a. Set
Vertical MODE CH 3 (CH 2 off)
CH 3 VOLTS/DIV 01V

b. Move the leveled sine-wave generator signal to the
CH 3 input.

c. Setthe generator output for a six-division signal dis-
play at 50 kHz.

d. CHECK—signal display amplitude is 4.2 divisions
or more as the frequency is increased to 100 MHz.

e. Repeat the procedure for 0.5 VOLTS/DIV setting.

f.  Move the test signal to the CH 4 input.

g. Set
Vertical MODE CH 4 (CH 3 off)
CH 4 VOLTS/DIV 01V

h. Repeat the procedure for CH 4.

Disconnect leveled sine-wave generator.
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Adjustment Procedure —2247A Service

HORIZONTAL

Equipment Required (see Table 4-1)

Time-mark generator
Calibration generator

50 Q coaxial cable
50 O termination

See ADJUSTMENT LOCATIONS

at the back of this manual for locations of test points and adjustments.

INITIAL CONTROL SETTINGS

Set:

Vertical MODE CH1and CH 2

input COUPLING DC

VOLTS/DIV 0.1V

Vertical POSITION

Controls 12 o’clock

Horizontal MODE A

A/B SELECT A

SEC/DIV 0.1ms

Trigger LEVEL 12 o'clock

HOLDOFF MIN {ccw)

SLOPE e

Trigger MODE AUTO LEVEL

Trigger SOURCE VERT

Trigger CPLG DC

MEASUREMENTS Off

MENU Displays Off

A INTEN 10 o’clock

READOUT 12 o’clock

FOCUS For well-defined

display

SCALE ILLUM Fully ccw
PROCEDURE

Horizontal X1 Gain (Timing) (R826)

Set:

Vertical MODE CH 1 (CH 2 off)

CH 1 VOLTS/DIV 05V

Connecttime-mark generatorto CH 1 input via 50 Q
BNC coaxial cable and 50 @ BNC termination. Set
generator for 0.1 ms time markers.

Position display to center of screen.

ADJUST —HORIZONTAL 1X GAIN (R826) for one
time marker per division over the center 8 divisions.

Horizontal X10 Gain (Timing) (R825)

Set X10 MAG to On.
Set time-mark generator for 10 ps time markers.
Position display to center of screen.

ADJUST —HORIZONTAL X10 GAIN (R825) for one
time marker per division over the center 8 divisions.

Readout Horizontal Gain (R823) and MAG
Registration (R809)

Set:

X10 MAG off
SEC/DIV 1ms

A INTEN ccw (off)

Press the TIME button and then select & SEC =i
from the menu. :

Rotate the = OR DELAY control counterclockwise
and the - control clockwise until cursors stop
moving.

ADJUST—MAG REG (R809) and RO HORIZ GAIN
(R823) alternately until the reference cursor lines up
exactly with the left graticule line and the delta
cursor lines up exactly with the right graticule line.

Press CLEAR DISPLAY button once to remove
CURSORS from screen.

5-11
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Adjustment Procedure — 2247A Service

Set:
SEC/DIV 20 us
A INTEN 10 o’clock

Set time-mark generator for 0.1 ms time markers.

Position rising edge of middle time marker to the
center vertical graticule line.

Set X10 MAG to On.

INTERACTION —between MAG Registration and
horizontal positioning of the time cursors. Check for
less than 0.5 division shift of time marker rising edge
between MAG on and MAG off. If not within 0.5
division, recheck the accuracy of R809 and R823
adjustments; readjust if necessary.

A 0.5 us Timing (C314)

Set:
X10 MAG Off
SEC/DIV 0.5 us

Set time mark generator for 0.5 us time markers.

ADJUST—A 0.5 us TIMING (C314) for one time
marker per division over the center 8 divisions.

B 0.5 pus Timing (C329)

Set:

Horizontal MODE B

SEC/DIV (B) 0.5us

B Trigger MODE RUNS AFTER
B INTEN 10 o’clock

Rotate the k= OR DELAY control counterclockwise
until the readout displays “?0.000 ps”.

ADJUST—B 0.5 ps TIMING (C329) for one time
marker per division over the center 8 divisions.

2 ns Timing (C807, C814)

Set:

Horizontal MODE A
SEC/DIV 20 ns

X10 MAG On

CH 1 0.1 mv
Horizontal POSITION 12 o’clock

Set time-mark generator for 5 ns time markers.

5-12

e.

ADJUST -2 nS TIMING (C807, C814) for 1 cycle for
each 2.5 divisions over the center 8 divisions. See
Figure 5-2. Use the vertical transition of the sine
wave instead of the peaks for better accuracy.

NOTE

It may be necessary to readjust the Trigger
LEVEL to get a stable display of the 5 ns
time markers.

INTERACTION — between C807 and C814. Readjust
as necessary to make the timing at 2.5, 5, and 7.5
divisions within *0.2 division (1 minor division).

Disconnect time-mark generator.
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Figure 5-2. 2 ns Timing.

X Gain (R827)

Set:

X10 MAG Off

Horizontal MODE X-Y

Vertical MODE CH2

CH 1 VOLTS/DIV 10 mv

A INTEN For best viewing

Connect calibration generator Std Ampl output to
CH 1 input via 50 Q coaxial cable. Set generator for
Std Ampl. Set Amplitude to 50 mV.

ADJUST—X GAIN (R827) for 5 divisions of hori-
zontal signal.

Disconnect calibration generator.
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Adjustment Procedure —2247A Service

MEASUREMENT BANDWIDTH AND SELF
CHARACTERIZATION

Equipment Required (see Table 4-1)

Digital multimeter (DMM)
Leveled sine-wave generator

50 Q coaxial cable

See ADJUSTMENT LOCATIONS

at the back of this manual for locations of test points and adjustments.

INITIAL CONTROL SETTINGS

Set:

Vertical MODE CH1andCH2

Input COUPLING DC

VOLTS/DIV 01V

Vertical POSITION

Controls 12 o’clock

Horizontal MODE A

A/B SELECT A

SEC/DIV 0.1 ms

Trigger LEVEL 12 o’clock

HOLDOFF MIN (ccw)

SLOPE e

Trigger MODE AUTO LEVEL

Trigger SOURCE VERT

Trigger CPLG DC

MEASUREMENTS Off

MENU Displays Off

A INTEN 10 o’ciock

READOUT 12 o’clock

FOCUS For well-defined
display

SCALE ILLUM Fully ccw

PROCEDURE

B Trigger Bandwidth (R455)

Set:

Vertical MODE CH 2 (CH 1 off)
CH 2 VOLTS/DIV 20mv
SEC/DIV 50 us

Preset potentiometer R455 to midrange.

Run the SELF CAL routine. Press CH 1/CH 2 VOLT-
METER button and select SELF CAL.

Connect leveled sine-wave generator output to the
CH 2 input connector via a 50 Q& BNC precision
coaxial cable and a 50 ) BNC termination. Set gen-
erator for a 5-division display at 50 kHz.

Press the VOLTMETER button and then select
PK-PK from the VOLTMETER menu.

Set output of the leveled sine~wave generator for a
peak-to-peak readout display of 100 mV 0.5 mV.
Adjust generator to 110 MHz.

ADJUST —B TRIG BANDWIDTH (R455) for a peak-
to-peak readout of 75 mV 10.5 mV.

Volts Cal (R920)

Self Characterization

Connect digital multimeter (DMM) LO lead to the
CH 1 BNC ground shell and the high lead to R921
pin 6.

ADJUST—VOLTS CAL (R920) so the DMM reads
0.250 V.

Run the SELF CAL MEASUREMENTS routine. Press
both top and bottom menu-item select buttons.
Select SELF CAL MEASUREMENTS and press RUN
to start the routine. When the routine is done,
continue with part b or press QUIT to return to normal
oscilloscope mode.

5-13
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Adjustment Procedure —2247A Service

b. Run MAKE FACTORY SETTINGS routine. Press the
down-arrow button to select the INTERNAL
SETTINGS MENU. Press SELECT, then press the

5-14

down-arrow button to select MAKE FACTORY SET-
TINGS. Press RUN to start the routine. When done,
press QUIT to return to normal oscilloscope mode.
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COUNTER/TIMER

Equipment Required (see Table 4-1)

Time-mark generator
50 Q) coaxial cable

50 O termination

INITIAL CONTROL SETTINGS

Vertical MODE
Input COUPLING
CH 1 VOLTS/DIV
Vertical POSITION
Controls
Horizontal MODE
A/B SELECT
SEC/DiV

Trigger LEVEL
Trigger HOLDOFF
Trigger SLOPE
Trigger MODE
Trigger SOURCE
Trigger CPLG
MEASUREMENTS
MENU Displays
A INTEN
READOUT
FOCUS

SCALE ILLUM

PROCEDURE

CH1
DC
02v

12 o’clock

A

A

0.2 ps

12 o’clock
MIN (ccw)
W

AUTO LEVEL
VERT

DC

Off

Off

10 o’clock
12 o’clock
For well-defined
display

Fully ccw

The 2247A must be warmed up for at least
30 minutes before making the following

adjustment,

Counter/Time 10MHz CAL Adjustment (C1904)

Connect time-mark generator (TG 501 Option 01) to
the CH 1 input connector via a 50 } coaxial cable
and a 50 Q termination.

Set the time-mark generator for 1 us time markers.

Press COUNTER/TIMER button and then select
FREQ. Set A/B SELECT to B. Press the Trigger
MODE T button untit B AUTO LEVEL MODE is
selected or press the T button once if already in B
AUTO LEVEL MODE.

NOTE

Figure 5-3 shows the Jocation of C1904
(1TOMHz CAL adjustment). C1904 is
located near the rear edge of the
Processor board (the top board in the
2247A).

ADJUST—~C1904 (10MHz CAL) on the Processor
board for a readout of 999.994,10t0 989.995,10 kHz
(0.999,994,1 t0 0.999,995,1 MHz).

Disconnect the test equipment.
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10M/Hz CAL

zmnmwm %zmom_xug
d_mhu@nm mﬁﬁ
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U180t

20820

u1s02

U2503
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u2s18

U2813

U251s

mmwﬁ

20923

6367-35

Figure 5-3. Processor board adjustment location.

THIS COMPLETES THE ADJUSTMENT PROCEDURE.
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MAINTENANCE

This section of the manual contains information on
static-sensitive components, preventive maintenance,
troubleshooting, and corrective maintenance. General
information regarding the care and handling of semi-
conductor devices is provided in “Static-Sensitive
Components,” and routine cleaning and inspection are

covered in “Preventive Maintenance.” Internal testing
capabilities and diagnostic test routines are included in
the “Troubleshooting” subsection. The “Corrective
Maintenance” part of this section includes circuit board
removal procedures, maintenance aids, and soldering
techniques.

STATIC-SENSITIVE COMPONENTS

The following precautions apply when performing any
maintenance involving internal access to the instrument.

Static discharge can damage any semi-
conductor component in this instrument.

This instrument contains electrical components that are
susceptible to damage from static discharge. Table 6-1
lists the relative susceptibility of various classes of
semiconductors. Static voltages of 1 kV to 30 kV are
common in unprotected environments.

When performing maintenance, observe the following
precautions to avoid component damage:

1. Minimize handling of static-sensitive components.

2. Transport and store static-sensitive components or
assemblies in their original containers or on a metal
rail. Label any package that contains static-
sensitive components or assemblies.

3. Discharge the static voltage from your body by
wearing a grounded antistatic wrist strap while
handling these components. Servicing static-

sensitive components or assemblies should be per-

formed only at a static-free work station by qualified
service personnel.

Table 6-1
Relative Susceptibility to Static-Discharge
Damage
|
Relative
Susceptibility
Semiconductor Classes Levels @
MOS or CMOS microcircuits or
discretes, or linear microcircuits
with MOS inputs
Most Sensitive) 1
ECL 2
Schottky signal diodes 3
Schottky TTL 4
High-frequency bipolar
transistors 5
JFET 6
Linear microcircuits 7
Low-power Schottky TTL 8
TTL
KLeast Sensitive) 9

aVoltage equivalent for levels (voltage discharged from a
100-pF capacitor through a resistance of 100 ()):

1 =100to 500V 6 = 600 to 800 V

2 =200tc 500V 7 = 400 to 1000 V (est)
3 =250V 8 =900V

4 =500V 9 = 1200V

5 =400to 600V

4. Keep anything capable of generating or holding a
static charge off the work station surface.
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5. Keep the component leads shorted together when-
ever possible.

6. Pick up components by their bodies, never by their
leads.

7. Do not slide the components over any surface.

8. Avoid handling components in areas that have a
floor or work-surface covering capable of gener-
ating a static charge.

9. Use a soldering iron that is connected to earth
ground.

10. Use only approved antistatic, vacuum-type
desoldering tools for component removal.

PREVENTIVE MAINTENANCE

INTRODUCTION

Preventive maintenance consists of cleaning, inspec-
tion, and checking instrument performance. Preventive
maintenance on a regular basis may prevent instrument
malfunction and improve instrument reliability. The
required frequency of maintenance depends on the
severity of the environment in which the instrument is
used. A good time to do preventive maintenance is just
before instrument adjustment.

INSPECTION AND CLEANING

inspect and clean the 2247A as often as operating
conditions require. Accumulation of dirt in the instrument
can cause overheating and component breakdown. Dint
on components acts as an insulating blanket, preventing
efficient heat dissipation. It also provides an electrical
conduction path that could result in instrument failure,
especially under high~-humidity conditions

Do not use chemical cleaning agents which
might damage the plastics used in this
instrument. Use a nonresidue-type cleaner,
preferably isopropyl alcohol or a solution of 1%
mild detergent and 99% water. Before using
any other type of cleaner, consult your Tektronix
Service Center or representative.
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Exterior

INSPECTION. Inspect the external portions of the instru-
ment for damage, wear, and missing parts; use Table
6-2 as a guide. Instruments that appear to have been
dropped or otherwise abused should be checked
thoroughly to verify correct operation and performance.
Deficiencies that could cause personal injury or could
lead to further instrument damage should be repaired
immediately.

Do not allow moisture to get inside the
instrument during external cleaning. Use only
enough liquid to dampen the cloth or
applicator.

CLEANING. Loose dust on the outside of the instrument
can be removed with a soft cloth or small soft-bristle
brush. The brush is particularly useful on and around the
controls and connectors. Remove remaining dirt with a
soft cloth dampened in a mild detergent-and-water
solution. Do not use abrasive cleaners.

Clean the light filters and the crt face with a soft lint-free
cloth dampened with either isopropyl alcohol or a mild
detergent-and-water solution.

Interior

To clean or inspect the inside of the instrument, first refer
to the Removal and Replacement Instructions in the
Coarrective Maintenance part of this section.



Table 6-2
External Inspection Checklist
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Item

Inspect For

Repair Action

Cabinet, Front Panel, and
Cover

Cracks, scratches, deformations,
damaged hardware or gaskets.

Touch up paint scratches and
replace defective components.

Front-panel controls

Missing, damaged, or loose knobs,
buttons, and controis.

Repair or replace missing or
defective items.

Connectors

Broken shells, cracked insulation,
and deformed contacts. Dirt in
connectors.

Replace defective parts. Clean or
wash out dirl.

Carrying Handle

Correct operation.

Replace defective parts.

Accessories

Missing items or parts of items,
bent pins, broken or frayed cables,
and damaged connectors.

Replace damaged or missing items,
frayed cables, and defective
parts.

Table 6-3
Internal Inspection Checklist

Item

Inspect For

Repair Action

Circuit Boards

Loose, broken, or comoded solder
connections. Bumed circuit boards.
Burned, broken, or cracked
circuit-run plating.

Clean solder corrosion with an
eraser and flush with isopropyl
alcohol. Resolder defective con-
nections. Determine cause of
burned items and repair. Repair
defective circuit runs.

Resistors

Burned, cracked, broken, or
blistered.

Replace defective resistors. Check
for cause of burned component
and repair as necessary.

Solder Connections

Cold solder or rosin joints.

Resolder joint and clean with
isopropy! alcohol.

Capacitors Damaged or leaking cases. Replace defective capacitors. Clean
Corroded solder on leads or solder connections and flush with
terminals. isopropyl alcchol.

Semiconductors Loosely inserted in sockets. Firmly seat loose semiconductors.

Distorted pins.

Remove devices having distorted
pins. Carefully straighten pins (as
required 1o fit the socket), using
long-nose pliers, and reinsert
firmly. Ensure that straightening
action does not crack the pins,.
causing them to break.

Wiring and Cables

Loose plugs or connectors. Burned,
broken, or frayed wiring.

Firmly seat connectors. Repair or
replace defective wires or cables.

Chassis

Dents, deformations, and damaged
hardware.

Straighten, repair, or replace
defective hardware.
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INSPECTION. Inspect the internal parts of the 2247A for
damage and wear, using Table 6-3 as a guide. Repair
any problems found immediately. The repair method for
most visible defects is obvious, but take particular care if
heat-damaged components are found. Since over-
heating usually indicates other trouble in the instrument,
the cause of overheating must be found and corrected to
prevent further damage.

If any electrical component is replaced, do a Per-
formance Check for the affected circuit and for other
closely related circuits (see Section 4 for the
Performance Check). If repair or replacement work is
done on any of the power supplies, do a complete
Performance Check and, if so indicated, an instrument
readjustment (see Section 5 for Adjustment Procedure).

To prevent damage from electrical arcing,
ensure that circuit boards and components are
dry before applying power to the instrument.

CLEANING. To clean the interior, blow off dust with dry,
low-pressure air (approximately 9 psi). Remove any
remaining dust with a soft brush or a cloth dampened
with a solution of mild detergent and water. A cotton-
tipped applicator is useful for cleaning in narrow spaces
and on circuit boards. If these methods do not remove all
the dust or dirt, the instrument may be spray washed
using a solution of 1% mild detergent and 99% water as
foliows:

1. Remove covers and shields to reach parts to be
Cleaned (see Removal and Replacement
Instructions).

2. Spray wash dirty parts with the detergent-and-
water solution; then use clean water to thoroughly
rinse them.

3. Dry all parts with low-pressure air.
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4. Dry all components and assemblies in an oven or
drying compartiment using low-temperature (125°F
to 150°F) circulating air.

SWITCH CONTACTS. Switch contacts are permanently
treated when assembied. Neither cleaning nor other pre-
ventive maintenance is necessary, unless the switch
board is replaced or the switch assembly has remained
disassembled for a long time.

LUBRICATION

A regular lubrication program for the instrument is not
necessary. Most of the potentiometers used in this
instrument are permanently sealed and generally do not
require periodic lubrication. The backs of the front-panel
knob guides have been lubricated when assembled and
will require lubrication again only when the front-panel
assembly is replaced. Rotary switches are installed with
proper lubrication when assembled and will require
lubrication only when the rotor is replaced.

SEMICONDUCTOR CHECKS

Periodic checks of the transistors and other semi-
conductors in the oscilloscope are not recommended.
The best check of semiconductor performance is actual
operation in the instrument.

PERIODIC READJUSTMENT

To ensure accurate measurements, check the per-
formance of this instrument every 2000 hours of
operation or, if used infrequently, once each year. If you
replace any components, it may be necessary to
readjust the affected circuits.

~ Complete performance check instructions are given in

Section 4 of this manual; adjustment instructions are
given in Section 5. The Performance Check Procedure
can be helpful in localizing certain troubles in the instru-
ment. In some cases, minor problems may be revealed
or corrected by readjustment. if only a partial adjustment
is performed, see Table 5-1 (the in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>