


INSTRUCTION

VIANUAL Seriol Number

Tektronix, Inc.
S.W. Millikan Way @ P.O.Box 500 @ Beaverton, Oregon @® Phone M| 4-0161 ® Cables: Tektronix

Tektronix International A.G.
Terrassenweg 1A @ Zug, Switzerland @® PH.042-49192 @ Cable: Tekintag, Zug Switzerland @ Telex 53.574

070-334 663









Ly9 =dA)

(]

TYPE 6R1 DOGITAL UMNIT

¢eé

LOWER LT SET Lo oF St

T"fP‘E A5TE Wenea Suag

rRACE

TYPE 3T TT s SWEEF

SWEER w008

[

.._:-,.‘ ___)l

The Type 6R1 Digital Unit installed in the Type 5467 Readout Dsicilloscope.



SECTION 1
CHARACTERISTICS

General Information

The Tektronix Type 6R1 Digital Unit presents, in digital
form, measurement of time between percentages of pulse
amplitudes, measurement of voltage, and the measurement
of time difference between pulses when used with a dual-
trace plug-in unit. The unit provides for automatic ampli-
tude and time measurements with 4-digit readout plus unit
of measure.

The Type 6R1 is designed for use in the Tektronix Type
567 Readout Oscilloscope. In conjunction with certain of the
'3 series plug-in units, a wide variety of measurements can
be made.

OPERATING CHARACTERISTICS
Input

Internally from horizontal and vertical plug-in  units.

Units of Measure
Volts: Readout in millivolts MV} and volts {V).

Time: Readout in nanoseconds (NS}, microseconds (S},
milliseconds [MS), and seconds (S).

Numerical Range
Readout from .0000 to 9999.

Accuracy of Readout

The number shown on the readout is accurate to within
3% =1 count.

Display Time

Variable from 0.1 second to 6 seconds.

Preset No-Go Limits

Front-panel controls set lower and upper limits. Front-
panel indicator lights show whether the number on the
readout is less than, between, or greater than the preset
limits.

Start and Stop Timing

A or B Trace %: Seven fixed percentages (10% through
90°%), accurate to within 0.5%.

Manual Control: Uncalibrated.

Start and Stop Voltage: A precision dial to measure crt
divisions from the 0% Zone, accurate to within 1%.

Maximum Sweep Rate

Non-Sampling Type Sweep: 10 psec/div. maximum useful
rate.

Sampling Type Sweep: Not limited.

External Programming

The Type éR1 can be programmed externally from remote
or automatic equipment. Readout information is available
for external readout.

MECHANICAL CHARACTERISTICS

Construction

Aluminum-alloy chassis.

Front Panel

Photo-etched.

Net Weight

10.2 pounds.

CIRCUIT BOARD IDENTIFICATION

The end plate of each circuit board contains the name
or function of the board, such as Counter, Voltmeter, etc.,
and a letter to show its location in the Type 6R1 chassis.
The Counter boards, for example, have the letter A as a
location guide; the Voltmeter board has the letter E as a
location guide.

Circuit boards now under development for other instru-
ments may also operate in the Type 6R1. These boards
may be identified by two location guide letters. For ex-
ample, a new Counter board may be identified as A/Z.
This board will fit location A in the Type éR1, and loca-
tion Z in another instrument.
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SECTION 2
OPERATING INSTRUCTIONS

Introduction

The Type 6R1 Digital Unit is an accurate readout device,
for time and amplitude measurements, designed for use with
the Tektronix Type 567 Readout Oscilloscope.

To get the most from your instrument, it is important to
understand the function of each front-panel control. This sec-
tion of the manual describes each control and its use in the
operation of the instrument. As each control is described,
note its location on the front panel of the Type 6R1 (see Fig.
2-1).

For the purpose of this procedure, the terms “intensified
zone" and “slope” should be clearly understood. The fol-
lowing explanations define these terms as they apply to the
Type 6R1.

The Type 6R1 produces three types of intensified zones
on the crt as shown in Fig. 2-2. Each zone appears as a
brightened portion of the trace.

] ] 100% ZONE
3 e
P
517
it /| START-TO-STOP ZONE
0% ZONE /
\.S‘ ~d

Fig. 2-2. Three types of Intensified Zones.

The first type of intensified zone is the 0% Zone. This
zone appears at the start of the trace and has a fixed
width and position. The 0% Memory circuit takes a voltage
sample at this zone for use as a reference.

The second type of intensified zone is the Start-To-Stop
Zone. The width of this zone is also fixed, but its position
depends on the setting of the TIMING START and TIMING
STOP switches. When the MODE switch is in the TIME
position, this zone shows the portion of the waveform being
measured. The Start-To-Stop Zone is extinguished when the
MODE switch is set to the A or B VOLTAGE position.

The third type of intensified zone is the 100% Zone.
Its position is variable with the A or B 1009% ZONE SET
control. The 100% Memory circuit takes a voltage sample
at this zone.

All of the intensified zones can be turned off with the
INTENSIFIED ZONES switches.

The term “slope’ refers to the rising or falling portion of
a pulse, as shown in Fig. 2-3. There are two kinds of slopes;
a rising slope (positive going} and a falling slope [negative

®

going). The SLOPE switches select the slope on which the
measurement (time} starts and stops. The FIRST-SECOND
SLOPE switch selects either the first or second positive-going
slope, if the == SLOPE switch is in the + position. If the
-+ SLOPE switch is in the — position, the FIRST-SECOND
SLOPE switch will select either the first or second negative-
going slope on the crt. To use the second position you need
at least two pulses or cycles on the crt, since the second
slope refers to the slope on the second pulse or cycle.

SECOND + SLOPE
FIRST — SLOPE ‘ SECOND — SLOPE

[ /
FIRST + SLOPE -
1 . amn"4

POSITIVE el
PULSE = {—d E
—

NEGATIVE "
PULSE

b
/

\ SECOND +

FIRST — SLOPE SLOPE

SECOND — SLOPE
FIRST + SLOPE

Fig. 2-3. Pulse slope definitions.

FUNCTION OF CONTROLS, SWITCHES,
AND INDICATORS

START Block

The switches and controls in the START block are used only
for time measurements.

SLOPE Switches
FIRST-SECOND

Selects the first or second slope on the
display at which the measurement be-
gins. To start on the second slope you
need at least two cycles or pulses dis-
played on the crt. Always keep this
switch in the FIRST position unless you
are making a second-slope measure-

ment.
o Starts the measurement on the positive
(+) or negative (—) slope of the pulse.

To measure on a positive-going slope,
use the + position. For measurement on
a negative slope, use the — position.
This switch, in conjunction with a simi-
lar switch in the STOP block, gives a
variety of combinations. Keep in mind
that you must set the START to precede
the STOP, otherwise the display will be
meaningless. Detailed use of this switch
is covered later in this section.
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TIMING START
Switch
+ and — Switch

START VOLTAGE
Control

2-2

MANUAL: In this position of the TIM-
ING START switch, you can turn the red
knob on the front of the switch to
manually set the start point of the
measurement.  (Be sure the SLOPE
switches are in FIRST and + positions.}
For example, if there were two pips on
a waveform and you wanted to mea-
sure the time between them, first use
this control to set the start of the in-
tensified zone at the first pip, then use
the MANUAL control on the TIMING
STOP switch to set the end of the in-
tensified zone at the second pip. The
readout would give the time between
pips.

A TRACE 9%: This precisely sets the per-
centage point at which the time mea-
surement will start on the channel A
trace. For example, in a risetime mea-
surement, set this switch to A TRACE
10% to start, and set the TIMING
STOP switch to A TRACE 90%. The
readout would give the risetime of the
waveform.

B TRACE 9: This starts the measure-
ment on the channel B trace when dual-
trace plug-in units are used. Normally,
when you start on B TRACE 9%, you
also stop on B TRACE %. However,
there are various combinations of A
TRACE 9% and B TRACE % which will
be described later in this section.

TRACE A:-B—START VOLTAGE: In this
position of the TIMING START switch
you use the precision dial just below
the switch. Each major division on the
precision dial is calibrated to represent
1 vertical division on the crt, and will
start the intensified zone at the selected
point. For example, with the dial set
at 1, the time measurement will start 1
vertical division up from the 0% Zone.
The A-B refers to channel A or B and
is set to the channel in use.

To start a measurement above the 0%
Zone, use + [plus); to start below, use
— (minus).

A precision potentiometer and dial cali-
brated to move the start of the intensi-
fied zone 1 vertical graticule division
for each major division {unit) on the
dial. The dial consists of ten unit
numbers [shown in the window) with
one unit per complete turn. Each unit
is divided into one hundred increments
(numbers around the knob). For ex-
ample, a 2 in the window and the
number 43 opposite the index mark is
a reading of 2.43.

The start of a measurement always
has a 3 count or dot delay. Since

the stop point has this same delay, the
accuracy of a measurement is not af-
fected. On fast-rising pulses the crt
will show the Start-To-Stop Zone 3 dots
above the start point and 3 dots below
the stop point.

Center Controls

MODE Switch TIME STOP {(—] START: Position used
for all time measurements.

VOLTAGE A-B: Position used for volt-
age measurements. The A and B refer
to the channel of the vertical amplifier
plug-in unit.

EXT. PROGRAM: Used when the instru-
ment is set up to operate on external

commands.
B VOLTAGE Set to the polarity {up, +; down, —)
Switch of the pulse being measured when the
MODE switch is on channel B.
A VOLTAGE Set to the polarity (up, +; down, —}
Switch of the pulse being measured when the
MODE switch is on channel A.
RESOLUTION AVERAGE OF TEN SWEEPS—LO-HI:
Switch Counts ten continuous sweeps, and

moves the decimal point to indicate
average. Right-hand digit {units} blank-
ed in LO, visible in HI.

ONE SWEEP—LO: Measures one sweep
of the displayed waveform.

UNSCALED (MAX): Turns off unit of
measure (right-hand indicator tube} and
decimals. Also, the count is direct (not
divided down by the = 1, 2, 5 circuit).
The number on the readout must be
divided by 2 when the TIME/DIV.
switch is in a 5 position, and divided by
5 when the TIME/DIV. switch is in a 2

position.
DISPLAY TIME Varies the time from one readout dis-
Control play to the next. During this period

the readout holds the last number count-
ed. No further count will be made
until the display period ends (0.1 to
6 sec).

CRT DISPLAY
Controls

A100% ZONE SET Sets the 100% zone (intensified) of the
channel A waveform.

B 1009 ZONE SET Sets the 1009% zone of the channel B

waveform.

INTENSIFIED
Zones Switches

0% and 1009, Turns off the intensified portion of the
waveform in the 0% and 100% zones.

®



START TO STOP Turns off the intensified part of the

waveform between
zone.

the Start-To-Stop

STOP BLOCK

The switches and controls in the STOP block are used
only for time measurements.

SLOPE Switches
FIRST-SECOND

I+

TIMING STOP
Switch

+ and — Switch

STOP VOLTAGE
Control

Selects the slope on the waveform at
which the measurement stops. For ex-
ample, the time of one cycle is found
by setting the TIMING START and
STOP switches to 509, the START
block SLOPE switch to FIRST, and the
STOP block SLOPE switch to SECOND.

Stops the measurement on the positive
(4+) or negative {—} slope of the wave-
form.

MANUAL: The red knob on the front
of the switch sets the stop point on the
displayed waveform. (Be sure the
SLOPE switches are in FIRST and +.)

A TRACE %: Sets the percentage point
on channel A at which the measure-
ment will stop.

B TRACE %: Sets the percentage point
on channel B at which the measure-
ment will stop.

TRACE A-B—STOP VOLTAGE: In this
position of the TIMING STOP switch,
use the precision dial just below the
switch. Each major division on the pre-
cision dial is calibrated to represent
one vertical division on the crt, and will
stop the intensified zone at the selected
point. For example, with the dial set at
3, the measurement will stop 3 divi-
sions up or down from the 0% Zone.

To stop a measurement above the 0%
Zone, use + [plus); to stop below, use
— (minus).

A precision potentiometer and dial
calibrated to move the stop point of
the intensified zone one vertical grati-
cule division for each major division
{unit) on the dial. The dial consists of
ten unit numbers (shown in the window}
with one unit per complete turn. Each
unit is divided into one hundred incre-
ments (numbers around the knob). For
example, a 2 in the window and the
number 43 opposite the index mark is
a reading of 2.43.

The start point of a measurement al-
ways has a 3 count or dot delay.
Since the stop point has this same de-
lay, the accuracy of a measurement is
not affected. On fast-rising pulses the

LOWER LIMIT
SET Dials and
Lamp

MID-ZONE Lamp

UPPER LIMIT SET
Dials and Lamp

Digital Readout
Indicators

Unit of Measure
Indicator

Decimal Point
Indicator

Operating Instructions — Type 6R1

crt will show the Start-To-Stop Zone 3
dots above the start point and 3 dots
below the stop point.

Upper Controls

In go-no-go [accept or reject] type
measurements, these dials set the lower
acceptable limit. If the number on the
readout (indicator tubes) is less than
the number shown on these dials, the
LOWER LIMIT [amp will light. This in-
formation is also present at the exter-
nal program plug for automatic reject
mechanisms.

This lamp lights when the number on
the readout is within the limits (inclu-
sive) set on the LOWER LIMIT SET and
the UPPER LIMIT SET dials.

Sets the upper acceptable limit. If the
number on the readout is greater than
the number shown on these dials, the
UPPER LIMIT lamp will light. This in-
formation is also present at the external
program plug.

The limit lamps also serve as a ready
light to show that the instrument has
completed a count. While the instru-
ment is counting, these lamps are ex-
tinguished.

The numbers (indicator tubes) are read
direct.

The right-hand indicator tube gives the
unit of measure in NS, uS, MS, MV, and
V. This tube is dark when the RESO-
LUTION switch is in the UNSCALED
(MAX) position or when either the
VOLTS/DIV. or TIME/D1V. variable con-
trols on the plug-in units are in the un-
calibrated position.

The decimal point is automatically
placed in the proper position by the
TIME/DIV. switch of the horizontal
time-base plug-in unit when you mea-
sure time, and by the VOLTS/DIV.
switch of the vertical amplifier plug-in
unit when you measure voltage. No in-
terpolation is necessary, since the read-
ing is always direct.

MEASUREMENTS WITH THE
TYPE 6R1 DIGITAL UNIT

The following paragraphs tell how to use the Type 6RI1
Digital Unit. Four basic measurements are described. Once
these basic techniques are mastered, you should be able to
set up the instrument for other measurements.

In addition to the Type 567 Oscilloscope and two plug-in
units (such as Types 3576 and 3T77), a signal source is re-
quired. A Tektronix Type 109, 110, or 111 Pulse Generator,
or a similar type generator, will serve this purpose.
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Preliminary Set-Up
Set the front-panel controls and switches as follows:
START Block:

SLOPE Switches FIRST and +

TIMING START A TRACE 109,
START VOLTAGE +
Dial 0.00
STOP Block:
SLOPE Switches FIRST and +
TIMING STOP A TRACE 90%
STOP VOLTAGE +
Dial 0.00
MODE TIME STOP (—) START
B VOLTAGE Up
A VOLTAGE Up
RESOLUTION ONE SWEEP LO
DISPLAY TIME Fully clockwise

CRT DISPLAY Controls:

A 100% ZONE SET
B 100% ZONE SET

INTENSIFIED ZONES Switches:

Fully counterclockwise
Fully counterclockwise

0% AND 100% Up

START TO STOP Up
LOWER LIMIT SET 0000
UPPER LIMIT SET 0000

Risetime Measurement

Risetime is the time required for a pulse to rise from
10% to 90% of its amplitude. For example, assume you have
a 100-millivolt peak-to-peak pulse. The pulse begins at zero
and starts to rise. When it reaches 10 millivolts {10% point}
the count starts (microseconds, milliseconds, etc.). When the
pulse amplitude reaches 90 millivolts (90% point), the count
stops. The readout indicates the risetime of the pulse.

To make a risetime measurement proceed as follows (any
control not mentioned should remain in the position called
out in the preliminary set up):

1. Apply the signal to channel A of the vertical amplifier
plug-in unit and display a single pulse on the crt. [Adjust
the delay or trigger on the sweep plug-in unit so that the
0% intensified zone is on a flat portion of the trace before
the rise of the vertical signal.)

2. Adjust the A 100% ZONE SET control to place the
1009 zone at the peak of the waveform. Be sure the TIM-
ING START switch is set to A TRACE 10% and the TIMING
STOP switch to A TRACE 909%.

3. Turn the DISPLAY TIME control to midrange. Each
change of the readout represents a new count.

24
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} / I

-+

it

RISETIME

Fig. 2-4. Risetime measurement.

4. Read the risetime directly from the readout. This is the
risetime of the pulse (see Fig. 2-4).

Notice the three intensified zones. First, on the left is the
0% zone. Next is the zone between 109 and 90 (Start-
To-Stop zone) which was just measured. Last is the 100%
zone. You can turn off the 0% and 1009 zones by moving
the INTENSIFIED ZONES 0% AND 100% switch to OFF.

Falltime Measurement

This is similar to the risetime measurement except that
this is the time it takes the pulse to fall from 90% of its
amplitude to 10% of its amplitude. In the case of a positive
pulse, the measurement is on the first negative slope of the
pulse. (For a negative pulse, use the first positive slope
for this measurement.) Return all controls and switches to
their preliminary position.

1. Adjust the time-base controls to trigger on the negative
slope of the pulse. This places the 09 zone on the wave-
form peak. Set the 1009 zone to the lowest point on the
waveform (see Fig. 2-5).

10% TO
] 90% ZONE
M\ ~
N\
0% ZONE N\ A
N
P
Iy
100% ZONE
FALLTIME

Fig. 2-5. Falltime measurement.



2. Set the SLOPE switches in the START block to FIRST
and —.

3. Set the TIMING START switch to A TRACE 10%.

4. Set the SLOPE switches in the STOP block to FIRST
and —.

5. Set the TIMING STOP switch to A TRACE 909%.

6. Read the falltime on the readout.

Voltage Measurement

Using the same pulse as for the risetime measurement,
the following steps show how to measure the peak amplitude
(voltage) of this pulse.

1. Set the MODE switch to VOLTAGE A.

2. Set the A VOLTAGE switch up. (If the pulse were nega-
tive-going, this switch would be down)

3. Turn the A 1009% ZONE SET control until the 100%
zone is on the peak of the pulse. (In cases where the pulse
has overshoot, set the 100% zone on the flattened part of
the pulse beyond the overshoot.)

4. Read the voltage shown on the readout. This is the
peak amplitude of the pulse. {To include the overshoot, if
any, move the 1009, zone to the peak of the overshoot and
note the reading. For amplitude of the overshoot only,
subtract the first reading from the second.)

This measurement shows that voltage readings are taken
between the 0% and 1009, zones. Since you can move the
100% zone to any point, you can measure the amplitude at
any point on a waveform.

Frequency Measurement

This measurement counts the repetition rate in cycles
per second (cps) or pulses per second (pps). The counter
starts at the 509 point on one pulse and stops at the 509
point on the following pulse. This gives the time of one
pulse or cycle. The reciprocal of the time, in seconds,
equals the frequency in ¢ps or pps (F = 1/T). Return all
controls to their preliminary position.

To measure frequency, proceed as follows:

1. Adjust the horizontal time-base plug-in unit to display
14 cycles or pulses (see Fig. 2-6).

2. Adjust the 100% ZONE SET control to place the 100%
zone on the peak of the second pulse or cycle.

3. Set the MODE switch to TIME STOP (—] START.
4. Set the TIMING START switch to A TRACE 509%.
5. Set the SLOPE switch in the STOP block to SECOND.
6. Set the TIMING STOP switch to A TRACE 509%.

7. Read the time for one pulse or cycle on the readout.
The reciprocal of the time is the frequency in cps or pps.

Phase or Time-Difference Measurement

The following steps show how to measure the time dif-
ference between two similar pulses or cycles, one in channel

®
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100% ZONE
\

START 50% STy
+ FIRST SLOPE o \
\ //“

S STOP 50%

E: SECOND
/ \ S+LOPE

A

0% ZONE
PERIOD OF 1 CYCLE

1
PERIOD OF 1 CYCLE

FREQUENCY .

Fig. 2-6. Frequency measurement.

A and the other in channel B {see Fig. 2-7). You measure
the time from the 50% point on the channel A pulse to the
50% point on the channel B pulse. This is the time difference
between channel B and A. Return the controls to their
preliminary setting. To make a time-difference measurement,
proceed as follows:

1. Set both START and STOP SLOPE switches to FIRST
and +.

2. Set the TIMING START switch to A TRACE 50%.
3. Set the TIMING STOP switch to B TRACE 50%.

4. The number shown on the readout is the delay of
channel B with respect to channel A.

In this example you could have had channel A delayed,

in which case you would start on B TRACE 50% and stop on
A TRACE 50%,.

INTENSIFIED ZONE

CHANNEL A
START 50 % I Tl
A TRACE j 1 ]
\P T
st STOP 50%
4 T B TRACE
CHANNEL A wa 10 N
CHANNEL B BEE \\\
N
INTENSIFIED ZONE
> CHANNEL B
DELAY OR TIME
DIFFERENCE

Fig. 2-7. Delay or time-difference measurement.
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SECTION 3
APPLICATIONS

This section describes some typical applications of the
Type 6R1 Digital Unit. Among these are transistor, diode,
and delay-line measurements. In addition, other applications
are illustrated to point out various features designed into
the instrument. Since there are many applications for the
Type 6R1, this manual covers only a few of the more general
ones.

Transistor Characteristics

This application is illustrated in Fig. 3-1. A pulse is fed to
one channel of a dual-trace vertical amplifier plug-in unit
{such as the Type 3576). The pulse is also fed to the tran-
sistor under test and the output from the transistor is fed
to the other channel of the vertical plug-in unit. With

The following steps and Type 6R1 Program Chart outline
a method for measuring eight different parameters of the
transistor under test.

1. Set the MODE switch to TIME STOP (—) START.
2. Set the START and STOP SLOPE switch to FIRST.

3. The positiorn of the -+ SLOPE switches and the setting
of the TIMING START and STOP switches for each measure-
ment are listed in the chart.

4. Each measurement is read directly from the readout
indicator.

the proper program set into the Type 6R1, a large variety . PROGRAM
of transistor characteristics can be measured. The equip- START | TIMING | STOP | TIMING
ment needed for this application is as follows: MEASUE:EMENT: SLOP,E ] START il SVLQ?FE: STOP .
1. Pulse generator, 0.5-nsec risetime (such as Tektronix R'Set"mf,B ! — | 10%8 | — | 9%0%8B
Type 109, 110, or 111). Falltime B~ | 4+ | 9% B | 4 | 10%B
2. Transistor test fixture (such as Tektronix Type 290 Delay A to B ,‘, + | 10% A J, — | 10% 8
Transistor Switching Time Tester). Storage AtoB I — | 9% A | + | 90%B
3. Assorted 50 Q cables. Turn-on Ato B .+ | 10% A = | 0% 8B
. - . . Turn- Po— % A 10% B
Adjust the trigger stability of the time-base unit, and the P—_r—s EffAA to 8 pm e :go/ I —L g4 -500/ A
pulse amplitude and polarity of the vertical amplifier unit, W'f, T <J, lo — ‘ o A
for a display similar to that shown in Fig. 3-2. Width B | — | %0% B | 4+ | 50%8
S w
A\\
™ OO0O00O0
m TYPE 6R1
TYPE TYPE
3576 3777
PULSE
GENERATOR TRANSISTOR
TEST
FIXTURE
A B
B © | e
\ ~
_J
/ J
COAX CABLE

Fig. 3-1. Test setup for transistor measurements.
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50 = B Signa 50
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Fig. 3-2. Waveform display for transistor measurements. The
channel A display is the pulse input to the transistor; the channel
B is the output signal from the transistor.

Delay Line Measurements

The measurement of the delay time of a coaxial cable is
easily done using the Type éR1 with sampling plug-in units
(Tektronix Type 3576 and 3T77). A pulse is fed directly
to channel A of a dual-trace vertical unit (Fig. 3-3}. With
a Tee connector (GR 874) at the input to channel A, the cable

under test couples the pulse to the channel B input connector.
The Type 6R1 measures the time between the 50% point on
the rise of the channel A pulse and the 509 point on the
rise of the channel B pulse. This time is the delay of the
cable under fest.

Set up the equipment as follows:

1. Adjust the pulse generator and sampling units to dis-
play a 50-nanosecond pulse (approximately) through a Tee
connector (GR 874} to channel A of the Type 3576.

2. Connect the cable under test from the Tee connector
to the channel B input connector. Turn the MODE switch on
the Type 3576 to DUAL-TRACE.

3. Adjust the 100% zones on the Type éR1 to the same
point on the channel A and B pulse.

4. Set the Type 6R1 switches as follows:
START Block: FIRST + SLOPE—A TRACE 50%
STOP Block: FIRST + SLOPE—B TRACE 50%

5. The time shown on the readout is the delay time of
the cable under fest.

Another method to measure cable delay uses the charge
line connector on the pulse generator. This method requires
only a single-channel vertical amplifier.

1. Connect the pulse generator through a 50 Q cable to
channel A of the vertical amplifier.

2. Connect charge line (50 Q} to the pulse generator and
display a 50-nanosecand {approximately) pulse.

{ "\
A OO 000
\\4
o TYPE 6R1
-
811
TYPE TYPE
3576 3177
PULSE “TEE"
GENERATOR COAX CABLE CONNECTOR
A B
c; { d )
l_L )
CABLE
UNDER TEST

S\

Fig. 3-3. Test setup for delay line measurement.
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Set the Type 6R1 switches as follows:
START Block: FIRST + SLOPE—A TRACE 50%
STOP Block: FIRST — SLOPE—A TRACE 509,

4. Record the time shown on the readout.

5. Add the cable to be measured to the charge line on
the pulse generator. Record the readout.

6. Subtract the reading in step 4 from the reading of
step 5. Divide the remainder by 2. The result is the delay
time of the cable under test.

For example, assume the charge line produced a 50-nano-
second pulse width. When the cable to be measured is
added, the pulse width increases to 70 nanoseconds.

Subtract: 50 from 70 = 20
Divide by 2: 20 = 2 = 10

Delay of Cable = 10 nanoseconds.

Diode Measurements

Switching and recovery time can be measured when the
Type 6R1 is used with sampling plug-in units. Also, diodes
can be compared and matched for particular response
characteristics. Two basic diode test circuits are illustrated.

PULSE

GENERATOR TEST

DIODE UNDER

Applications — Type 6R1

The first test circuit is shown in Fig. 3-4. This circuit meas-
ures reverse recovery time.

A pulse generator (such as the Tektronix Type 109, 110,
or 111} with a +5-volt fast-rise pulse abruptly shuts off
forward current through the diode. The leading edge of the
pulse causes a reverse current peak followed by a drop to
zero. The time between the current peak and zero is the
diode reverse recovery time. (See Fig. 3-5)

The second diode test measures turn-on time. A pulse
generator is connected through a 50-ohm cable to the input
connector of a dual-trace plug-in unit {sampling type). The
diode under test is connected from the cable center conductor
to ground with a Tee connector (see Fig. 3-6).

The dynamic impedance of the diode can be calculated
from the oscilloscope display with the following formula.

25V,
Z*wm

(V. and V; are identified in Fig. 3-6.)
With the Type 6R1 MODE switch set to the VOLTAGE posi-
tion, V, can be measured at different time points on the

display. From these voltages and time points, a turn-on
curve for the diode can be plotted.

RFC

2 k

—20 VOLTS

o | <t

-
OO OO0
:IL_ TYPE 6R1
TYPE TYPE
3576 37177
50
©)
\. >

Fig. 3-4. Test setup for diode reverse recovery measurements.



Applications — Type 6R1

DIODE
RECOVERY
TIME

Fig. 3-5. Waveform measurement points for diode recovery time.

Tunnel Diode Risetime Measurement

The Type 6R1 with the Tektronix Tunnel Diode Risetime
Tester can be used to compare and measure the risetime of
tunnel diodes.

The instruction manual for the Tunnel Diode Risetime
Tester gives the circuit and test setup needed to make this
measurement.

Time Constants

The Type 6R1 with real-time plug-in units (Tektronix Type
3A2 and 3B2) can be used for production testing of capacitors
and inductors.

The component under test is made part of an RC or RL
circuit and the time constant is measured. The TIMING START
and STOP switches have been specially designed to measure
one RC time between the 279 and 73% points of a wave-
form (see Fig. 3-7).

£ 100 TIME IN R X C OR L/R
z LA
%‘ 90 A |
o 80
o
73°/o—0 50
w60
< s0
Q 40
= 30
27%—2
o 20
% 49
5 /
0
§ ) 1 2 3 7 5 6
& A. CAPACITOR VOLTAGE ON CHARGE.
1 Re INDUCTOR CURRENT ON BUILD-UP.
TIME

Fig. 3-7. Universal time constant chart.

. \
Vi
00000
TYP
V2 E 6RI1
TYPE TYPE
3576 3177
PULSE —
GENERATOR 50 0 COAX TEE'' CONNECTOR
50 Q
]
S ke
—

/DIODE UNDER TEST

Fig. 3-6. Test setup to measure turn-on time.
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The acceptable limits of tolerance of the component are
calculated and these values are set on the UPPER and
LOWER LIMIT SET dials. A component within the acceptable
range will show a green light while component values outside
the acceptable range will show either a yellow or red light.

Linearity Measurements

The rate-of-rise or linearity of a waveform such as a
sawtooth can be checked with the calibrated START and
STOP VOLTAGE dials.

1. Display the waveform on the crt. Adjust the amplitude
for between 6 and 8 divisions of vertical deflection.

2. Adjust triggering and delay controls to set the start of
the waveform to the right of the 0% zone.

Applications — Type 6R]1

3. Set the Type éR1 controls and switches as follows:

;’ITOACET ;FIRST | SLOPE_A TRACE START VOLTAGE +
STOP T TRACE STOP VOLTAG
>1OP IFIRST 4 SLOPE—A TRACE STOP VOLTAGE +

MODE Switch: TIME STOP (—] START

4. Set the START VOLTAGE dial to 0.00. Turn the STOP
VOLTAGE dial to 1.00. Note the readout.

5. Set the START VOLTAGE dial to 1.00 and the STOP
VOLTAGE dial to 2.00. Note the readout.

6. Continue to move each dial 1 division higher and
note the readout.

An exact linear rise will give the same reading for each
part of the waveform measured.
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gy
100 %
MEMORY
GAY
l 90 %
HORIZONTAL SWEEP 80 %
73 %
100% Intensified Zone 50 %
27 %
20%
10 %
0% Intensified Zone 0%
MEMORY
VERTICAL SIGNAL
Fig. 4-1. Time relationship between the horizontal sweep and the
vertical signal. Fig. 4-3. Timing switch example.
I T
100 % > SAMPLE 100 % 100%
o o
> ZONE — GATE | |MEMORY ¢ >
TIMING
) STOP
SWITCH
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SWEEP SIGNAL 100 % -
v
TIMING
START
ut SWITCH
- 0% — SAMPLE 0%
” ZONE — GATE | | MEMORY ‘0:/
T

Fig. 4-2. Formation of 0% and 100% zones.
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SECTION 4
CIRCUIT DESCRIPTION

Introduction

The Type 6R1 Digital Unit consists of a plug-in type
chassis with controls, switches, and a readout on the front
panel. The circuits of the unit are contained on 17 plug-in
etched circuit boards.

This discussion will first describe the theory of operation
of the instrument with progressive block diagrams, followed
by an explanation of the makeup of the front-panel con-
trols, and a detailed description of each etched circuit
board.

THEORY OF OPERATION

The usual way to measure time periods with an oscillo-
scope is to count the horizontal divisions on the crt between
the points to be measured. This distance multiplied by the
setting of the TIME/DIV. switch equals the elapsed time.

With the Type 6R1, the elapsed time between two points
on a waveform display is measured with @ counter and pre-
sented as a digital readout. To do this, the instrument needs
specific information from the vertical amplifier and time-
base plug-in units.

The information required from the vertical plug-in unit
includes:

1. The signal to be measured.
2. The unit of measure (millivolts, etc.).

3. The position of the decimal point for voltage measure-
ments.

The information required from the time-base unit includes:
1. Horizontal sweep waveform.

2. Horizontal gate waveform.

3. Clock pulses {time measurements).

4. Unit of measure (nanoseconds, etc.).

5. The position of decimal point for time measurements.

Fig. 4-1 shows the time relationship between the vertical
signal and the horizontal sweep waveform. In the description
that follows, the 100% intensified zone on the crt is set to
the peak amplitude of the input signal. In addition, the
signal from the vertical amplifier plug-in has a quiescent dc
level between +3 and +14 volts set by the amplifier POSI-
TION control.

The horizontal sweep is applied to the 0% and 100%
Zone circuits as shown in Fig. 4-2. The start of the sweep
(point A in Fig. 4-1) causes the 0% Zone circuit to form a +
and — pulse. These pulses are applied to the 0% Memory
circuit Sample Gate. The gate opens and the circuit takes
a sample of the vertical signal ['A' Voltage, Fig. 4-1} at
point A. This sample is stored in the 0% Memory circuit. The
output of the 0% Memory is applied to the bottom of a
string of precision resistors {see Fig. 4-3).

®

When the horizontal sweep reaches point B (Fig. 4-1),
the sweep voltage causes the 1009, Zone circuit to form a +
and — pulse that opens the 100% Memory circuit Sample
Gate. Thus, a sample of the vertical signal is taken at point
B and stored in the 1009, Memory circuit. The output of this
circuit is applied to the top of the resistor string {Fig. 4-3).

The position of the 0% Zone is fixed in relation to the
sweep, but the 1009 Zone can be moved to any point on
the display and is set by a front-panel control (100% ZONE
SET).

The precision resistors mentioned previously and shown
in Fig. 4-3 make up the TIMING START and TIMING STOP
switches. The voltage from the 0% Memory is applied to
the bottom and voltage from the 100% Memory is applied
to the top of both the TIMING START and TIMING STOP
switches. Thus, the voltage across the switches represents
100% of the voltage between the 0% and 100% points on
the signal. These switches allow the operator to make
measurements between preselected points, for example, from

10% to 90%.

Since the Sample Gates and Memory circuits take a sample
of the vertical signal on each sweep, any change in signal
voltage will cause a like change in the Memory outputs.
Thus, the Memory circuits automatically adjust to the signal
voltage. :

There are two Memory circuit boards, one for channel A
and one for channel B. Both channels share the precision
resistors that make up the TIMING START and TIMING
STOP switches.

The next part of the system contains the circuits that feed
the Start and Stop Signal Comparators (see Fig. 4-4). Since
the Comparator inputs are different for each mode of
operation, the modes will be described separately, starting
with time measurements.

Each Comparator needs two input voltages:

1. A reference voltage that sets the point of comparison
(start and stop of measurement).

2. The signal from the vertical amplifier (or the horizontal
sweep voltage in the MANUAL position of the TIMING
START and TIMING STOP switches).

The START SLOPE and STOP SLOPE switches (Fig. 4-4)
are front-panel switches set to the polarity of the waveform
slope being measured (+ positive-going; — negative-going).
The two inputs to each switch pass to the MODE switch
{time measurements) and on to the comparators.

The operator has a choice of reference voltages:

1. A voltage from the floating power supply that allows
the operator to start and stop a time measurement an exact
amount of crt divisions from the 0% zone. The front-panel
precision dial is used for this purpose.

2. Precise percentage points, such as 10%, 20%, 27%,
etc., between the 0% and 1009 zones on the display.
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DISPLAY
TIME
90% REFERENCE
VOLTAGE '
sTOP .
COMPARATOR
MODE
SWITCH VERTICAL
MASTER
SET SIGNAL GATE > COUNTER
10
TIME
o START
COMPARATOR >
10% REFERENCE 3
VOLTAGE
cLOCK
PULSES
90 %
VERTICAL |
SIGNAL |
10% '
|
!
|
!
I
]
PULSE FROM 1
START |
COMPARATOR |
[
[
|
PULSE FROM Lo
sToP
COMPARATOR

Fig. 4-5. Signal Comparator start and stop pulses to Master Gate.

3. A manually controlled voltage (uncalibrated] that al-
lows the operator to set the start and stop points visually
from the display. The second input to the Comparators, in
the MANUAL position of the timing switches, is the hori-
zontal sweep voltage.

Fig. 4-5 shows the Comparators and the time relationship
between the reference and signal voltage. To illustrate the
operation, a 109, to 90% time measurement is programmed
into the instrument.

1. 10% of the signal voltage from the TIMING START

&

switch is applied through the MODE switch to one input of
the Start Comparator.

2. 909, of the signal voltage from the TIMING STOP
switch is applied through the MODE switch to one input of
the Stop Comparator.

The other input of each compartor receives the vertical
signal from the MODE switch. When the vertical signal
rises to 10% of its amplitude, the Start Comparator switches
and sends a pulse to the Master Gate. The Master Gate
opens and clock pulses pass to the Counter.
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100 % 15 VOLTS 100% REFERENCE TO MASTER

MEMORY 15 VOLTS JL GATE
STOP ~
COMPARATOR g

P
Y A VOLTAGE SWITCH
OR
B VOLTAGE SWITCH
|
: ;q— 1000 us —>|
|
100% ZONE '
VOLTMETER
+15 F—— RAMP
+5
0
0% ZONE

A TO MASTER

- T GATE
START T

0% 5 VOLTS COMPARATOR
MEMORY 5 VOLTS 0% REFERENCE

Fig. 4-6. Connections to Signal Comparators with MODE switch set to VOLTAGE.

When the vertical signal reaches 90% of its amplitude
the Stop Comparator switches and sends a pulse to the
Master Gate. This pulse closes the gate and blocks the
clock pulses to the Counter.

As a result, the number shown on the readout is the time
between the 10% and 90% voltage points of the vertical
signal.

This illustration has been simplified to show the basic
operation of the system to this point. The variety of pro-
grams such as negative-going signals, 2nd slope measure-
ments, average of ten sweeps, start on channel A, stop on
channel B, etc, can be understood by studying the indi-
vidual circuits.

Fig. 4-6 shows the connections to the Comparators when
making voltage measurements. Notice that the voltage of the
signal is the difference between the output of the 0% and

4-4

Voltages shown are for example in text.

100% Memory circuits. Also the reference voltage for the
Comparators is the signal voltage while the variable voltage
is the voltmeter ramp. The two output voltages from the
Memory circuits pass through either the A VOLTAGE or B
VOLTAGE switch and MODE switch to the Comparator in-
puts. The 0% and 100% Memory circuits output voltages
are always positive to ground.

The second input to each Compartor is the Voltmeter
ramp. The ramp is linear and the voltage rise is constant
per unit of time. For example, with a ramp rise of 1 volt
in 100 microseconds, 10 volts will take 1000 microseconds.
In the example of Fig. 4-6, the Start Comparator has a 5-
volt reference (signal level at 0% zone). When the ramp
rises to 5 volts, the Start Comparator switches and sends a
pulse to the Master Gate and the counter starts. The Stop
Comparator has a 15-volt reference (signal level at 1009
zone). When the ramp reaches 15 volts, the Stop Compara-

®
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Fig. 4-7. Simplified illustration of the ‘‘And’ gate portion of the Master Gate.

tor switches and sends a pulse to the Master Gate and the
counter stops.

At a rate of rise of 1 volt per 100 microseconds, the read-
out shows 10.00 V. The position of the decimal point and
unit of measure is explained later in the text.

If the 1009 zone is moved down the slope of the signal
waveform to 12 volts, the difference between the two
Memory circuits would be 7 volts. The counter will count
700 microseconds and the readout will show 07.00 V. Since
the 100% zone can be manually adjusted from the front
panel, the voliage from the 0% zone to any point on the
display can be measured.

For a negative-going signal, the voltage from the 100%
Memory is less than that from the 0% Memory. (Both volt-
ages still positive to ground.) The A VOLTAGE or B VOLT-
AGE switch reverses the inputs to the Comparators and the
voltage from the 1009, Memory is used as the reference for
the Stop Comparator.

Note that the Start block and Stop block controls are not
used during voltage measurements.

The Master Gate circuit is an “And" gate that controls the
flow of clock pulses to the counter. Fig. 4-7 shows the four
elements of the "And"” gate and the conditions necessary to
allow clock pulses to flow through the gate.

®

Elements 1, 2, and 3 must be turned off before clock pulses
can pass through element 4. Element 1 is turned off by the
+ gate from the time-base plug-in unit. Element 2 is turned
off by a pulse from the Start Comparator. Element 3 is
turned off at the start of a cycle and then turned on by a
pulse from the Stop Comparator to close the gate.

When the "And" gate closes, a digital display time cir-
cuit prevents the gate from being reopened until the display
period is ended (see Fig. 4-8). This time period is set by the
front-panel DISPLAY TIME control. When the display period
ends, a reset pulse is sent to the counter circuit and the
readout reverts to all zeros.

To improve the resolution, the — gate is switched through
a = 10 circuit. This allows the counter to accumulate the
sum of 10 consecutive counts before the display time and
counter reset. The RESOLUTION switch also causes the
decimal point of the readout to move one place to the
left and the resultant number is the average of ten counts.

To summarize the operation of the Master Gate: Element
1 is turned off by the 4 gate. While this element is off,
the Start and Stop Comparators can allow clock pulses to
pass through to the counter. At the end of o sweep, the —
gate turns on element 1 which closes the "And" gate and
also starts the display-time period (viewing period). At the
end of this period, a reset pulse passes to the counter and
it returns to zero. Since the — gate turns on element 1
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DISPLAY
TIME TO COUNTER
— GATE &
COUNTER
RESET
RESOLUTION
SWITCH
I MASTER
GATE TO COUNTER
DECIMAL
POINT 10 —
CLOCK
PULSES
LOSED
master 08 I |
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Fig. 4-8. Display time, reset, and — 10 circuit relationship to the

Master Gate.

{closes "And" gate), this waveform can be passed through
a + 10 circuit and the counter will accumulate the total
count of 10 consecutive sweeps before display time and

reset. Fig. 4-9 shows the time relationship in the AVERAGE
OF TEN SWEEPS position of the RESOLUTION switch.

The clock pulses from the Master Gate circuit pass to the
= 1, 2, 5 circuit before they are applied to the counter
[see Fig. 4-10). This circuit is necessary since the number of
clock pulses that pass through the Master Gate is directly
proportional to the number of crt divisions between the
start and stop of a measurement. In time measurements, the
correct division circuit is controlled by the TIME/DIV. switch
in the time-base plug-in unit,

In voltage measurements, the selection of the proper divi-
sion circuit is controlled by the VOLTS/DIV. switch in the
vertical amplifier plug-in unit. Also, the clock pulses that
pass through the Master Gate are directly proportional to
the amount of vertical crt divisions between the 0% and
100% zones.

The output clock pulses from the = 1, 2, 5 circuit pass
directly to the counter that, in turn, drives the readout.

Fig. 4-10 also shows the location of the No-Go circuits.

The Upper and Lower Limit circuits operate in conjunction
with the counter. During the display-time period, each
counter board has a staircase output voltage that is propor-
tional to the number stored within the counter board. Thus,
there are four separate voltages from the four counter
boards. These voltages are applied to both the Upper
Limit and Lower Limit circuit boards. The front-panel UPPER
LIMIT SET and LOWER LIMIT SET dials also apply a volt-
age to the limit circuits that is proportional to the dial num-
bers.

With the voltage information described, the logic circuits
on the Upper Limit and Lower Limit boards cause the front-
panel lamps to indicate a high, low, or mid-zone readout.

11T 1111111

10 SWEEPS
TURNED OFF TURNED ON
BY + GATE BY — GATE
ON /
ELEMENT 1 _L ‘ DISPLAY TIME
OFF
ON
aevent2 O [T [ [ [ LT T S
ON
aewents on 1 1 1 1T L L L L

CLOCK PULSES
TO COUNTER

B .

I

JUL SRR oA

COUNTER
RESET

1

Fig. 4-9. Condition of the Master Gate with RESOLUTION switch in AVERAGE OF TEN SWEEPS.
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Fig. [4-10. Position of the — 1, 2, 5 circuit in the overall system.

Trace Intensification

Fig. 4-11 illustrates the circuits that cause the intensified
zones on the crt. The pulses that intensify the 0% and 100%
zones are the pulses that open the Memory gates. Thus, the
width of these zones on the display represents the time that
the sample gates are open.

The start-to-stop pulse to the Analog Display circuit is
formed by taking an output from the start and stop elements
in the Master Gate. These outputs pass through another
"And" gate that produces a pulse only when both elements
are turned off,

The chopped signal from the vertical amplifier to the
Analog Display circuit is used for correct intensification only
during dual-trace operation.

External Programming

Refer to the External Programming section of this manual.

DECIMAL AND UNITS SWITCHING

Each neon decimal point in the readout is connected
through the instrument wiring to the TIME/DIV. switch in the
horizontal time base plug-in unit and the MV/DiV. switch in
the vertical amplifier plug-in unit.

In the TIME position of the MODE switch, a ground is con-
nected to the TIME/DIV. switch in the horizontal time base

&

plug-in unit. As the TIME/DIV. switch is turned to different
positions, the ground will be applied to the proper point to
light the correct decimal. The TIME/DIV. switch schematic
{Time Base plug-in unit} shows how this is done.

In the VOLTAGE position of the MODE switch, a ground is
connected to the MV/DIV. switch in the vertical amplifier
plug-in unit. The MV/DIV. switch will apply the ground to
the proper neon to light the correct decimal.

The unit of measure shown in the right-hand indicator
tube is controlled in a similar way. In time measurements, a
ground connection is made to the TIME/DIV. switch in the
horizontal plug-in unit. As the TIME/DIV. switch is turned,
the correct unit of measure (NS, S, MS, S) appears in the
right-hand indicator tube. In voltage measurements a ground
connection is made to the MV/DIV. switch in the vertical
plug-in unit. The setting of this switch determines the unit of
measure shown in the indicator tube (V, MV).

Certain plug-in units light only certain units of measure.
For example, the Type 3576 Dual-Trace Sampling Plug-In
Unit lights only the volts {V} and millivolts (MV) letters in
the indicator tube. An examination of the schematic which
accompanies the plug-in unit will show which units of
measure are used.

TIMING START and TIMING STOP SWITCHES

With the MODE switch set to TIME, the TIMING START
and TIMING STOP switches set the point at which a measure-
ment starts and stops.
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Fig. 4-11. Source of pulses for crt display intensified zones.

The switches are identical except for the signal cathode
follower and the start voltage connect through the -+
SLOPE switch to the Start Comparator circuit. On the TIM-
ING STOP switch, these points connect through the =+
SLOPE switch to the Stop Comparator circuit.

In the MANUAL position of the TIMING START and
TIMING STOP switches, a dc voltage set by the MANUAL
controls on the front panel is connected to each signal com-
parator. The second input of the comparators is the sweep
voltage from the 0% zone connected through the signal
cathode follower.

Note on the Timing Start Switching and the Timing Stop
Switching schematics that the A 0% Memory is applied to
the bottom of a string of precision resistors and the A
100% Memory is connected to the top of the string. While
measurements are made on channel A, the channe! B
Memory circuits are terminated by R429. This resistor is
switched across channel A when channel B is in use. Since
both Timing switches have this resistor across the unused
memory, the memories always have this resistance shunted
across their output.

When the Timing switches are turned to a percentage
position {10%, 20%, 279, etc.), the Signal Comparators re-
ceive a percentage of the total memory signal. The other
input of each signal comparator is fed by cathode followers
that receive the signal from the vertical plug-in unit.

4-8

With the Timing switches in the A or B position, the signal
comparator inputs are connected to the wiper arm of a ten-
turn precision potentiometer that is connected across the
floating power supplies located on the Voltmeter circuit
board. The other input of each signal comparator is con-
nected to cathode followers that receive the signal from the
vertical plug-in unit.

The Analog Display wafers of the Timing switches ground
either pin 5 or pin 10 of the Analog Display circuit to inten-
sify the proper channel.

0% ZONE BOARD

This circuit board performs several functions. First, it uses
the horizontal sweep voltage from the time base plug-in
unit to form pulses that control the 0% Memory circuit.

It also converts the horizontal gate signal from the time
base plug-in unit to plus (+) and minus (—) gates that are
used in several other circuits in the instrument.

Finally, the channel A chopping pulses from the vertical
plug-in unit are converted to plus (+) and minus (—) gates
for use in the Analog Display circuit.

The sweep gate enters the circuit through pin 15 and is
applied to the base of Q4. Q14 turns on and its collector
goes negative. This change is coupled through R20 and C20
to the base of Q24 which turns off. The collector of Q24

®



goes positive and this voltage is applied to the bases of Q23
and Q33 (a double-emitter follower]. Q23 turns on and the
+ gate is taken from the emitter circuit to pin 13 of the
circuit board. When Q23 turned on, it became a voltage
source for Q54. It also applied a positive voltage to the
bases of Q63 and Qé4. Q63 turned off and its emitter
voltage increased to +20 volts. This +20-volt signal is
connected to pin 12 and is the start of the 0% positive
pulse. The plus voltage on the base of Qé4 turns this
transistor off and its collecter drops toward ground. This
negative signal is connected to pin 5 and is the start of the
0% minus pulse.

To end the pulses and establish the 0% intensified zone,
the horizontal sweep voltage enters the circuit at pin 7 and
is applied to the grid of V43. (D40 protects V43 from grid
damage during warmup). The cathode follows the grid
and the sweep voltage leaves the circuit through pin 10.
The cathode of V43 is returned through a voltage divider
consisting of R43 {09 ZONE WIDTH), R44 and R45. The
junction of R44 and R45 is connected to the base of Q43.
As the sweep voltage rises, the voltage at the base of Q43
rises, and tunnel diode D43 (in the emitter circuit of Q43)
changes states. This positive change is applied to the base
of Q54 and this transistor turns on. The collector of Q54
drops toward ground and this negative-going voltage is
applied to the bases of Q63 and Qé4. Q63 turns on, ending
the + 09% pulse at pin 12. At the same time, Q64 turns on
ending the — 0% pulse at pin 5.

From the foregoing, the 0% zone starts at the start of the
horizontal sweep gate and ends when the horizontal sweep
voltage reaches the point set by the 0% ZONE WIDTH
adjustment. The quiescent level of voltage (no 0% zone
being formed) at pin 12 is near zero, and near +20 volts
at pin 5. This is necessary to maintain the diode gate tran-
sistors in the 0% and 1009% Memory circuits in the proper
state.

The channel A chopping pulse enters the circuit through
pin 2 and is applied to the base of Q84. QB84 turns on and
sends a negative pulse from its collector to pin 1 of the
circuit board. When QB84 turned on, Q74 turned off. A
positive pulse is taken from the collector of Q74 to pin 3
of the circuit board. Both of these pulses connect to the
Analog Display board.

MEMORY BOARDS

The Memory boards contain the pulse forming network,
diode gate, and Memory circuit of the 100% zone, and the
diode gate and Memory circuit of the 0% zone. There are
two of these boards; one for channel A and the other for
channel B. Since they are identical, only one will be de-
scribed.

Transistor Q3 acts as a voltage source switch for Q13
and Q23. It is turned on by the + gate from the 0% Zone
board. When the + gate ends, Q3 turns off and the circuit
will not operate. Tunnel diodes D13 and D23 may be con-
sidered as a pulse former. The front-panel 100% ZONE
SET control, through pin 14, sets a negative voltage on the
bases of Q13 and Q23. The sweep voltage from the 0%
Zone enters through pin 15 and is applied through the
100% ZONE WIDTH control to the base of Q13, and
through R11 to the base of Q23. As the sweep voltage
overcomes its negative bias, Q23 conducts first. When Q23
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conducts, tunnel diode D23 switches and raises the dc
level at the base of Q24. Q24 turns on and its collector
goes negative. This negative signal is coupled through a
voltage divider to the base of Q34. Q34 turns off and
its collector rises to +18 volts. (Q34 quiescently conducts
and holds its collector at about +0.5 volt.)

The input sweep voltage continues to rise and QI3 turns
on. Tunnel diode D13 switches and raises the dc level at
the base of QT4. QIi4 turns on and its collector drops to
ground. Notice that the collectors of Q14 and Q34 are tied
together. When Q14 turns on, the output pulse ends and the
collector level drops back to +0.5 volt.

The time difference between the switching of D23 and D13
determines the pulse width. The point where this occurs on
the display is set by the 100% ZONE SET control on the

front panel.

The quiescent condition of the remainder of the circuit is
as follows. Q33 is turned on and its emitter is near ground.
The junction of D31 and D32 is connected to the emitter of
Q33, hence this junction is near ground. Q44 is turned off
and its positive collector voltage turns on Q43. With Q43
connected as an emitter follower, its emitter voltage rises,
carrying with it the junction of D41 and D42. This condition
back-biases D41 and D42, and vertical signals cannot pass
through the bridge.

When a positive pulse is applied to the base of Q33,
it turns off and its collector goes toward +125 volts. The
positive pulse also turns Q44 on and its collector drops to-
ward ground. This negative change turns Q43 off and its
emitter goes toward —100 volts. This forward-biases D41
and D42 and the vertical signal passes through. The diode
gate is open for the duration of the dc level set by the
100% ZONE WIDTH adjustment.

The vertical signal passes through the diode gate and
enters the grid circuit of V53. The signal drives V53 and
charges C50, the memory capacitor. C50 receives a sample
during each sweep and holds this level until the next sample
arrives. The grid of V53 follows the sample level. The
sample is coupled from the cathode of V53 to the TIMING
START and TIMING STOP switches. Q58 is a constant cur-
rent source for V53. R53 {100% DC LEVEL control}, from
which the 1009 Memory signal is obtained, allows for
tube changes, permitting adjustment for the proper dc level
across the Timing switches.

The 0% diode gate and Memory circuit operates the same
as the 100% circuit. A positive and negative pulse from the
0% Zone circuit board enters through pins 1 and 2 and con-
trols the diode gate. The vertical signal input at pin 5 is
common to both circuits.

SIGNAL COMPARATOR BOARD

There are two identical Signal Comparator boards. One
is the Start Comparator that forms a pulse to start a
measurement, and the other is the Stop Comparator that
forms a pulse to stop a measuremenr. The TIMING START
switch (front-panel control) sets the point at which the Start
Comparator delivers a pulse, and the TIMING STOP switch
{front-panel control) sets the point at which the Stop Com-
parator delivers a pulse.

The pulse from the Signal Comparator circuits control the
Master Gate circuit.
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The input to the comparator is through pins 8 and 9.
V4 and V14 are arranged as a comparator in which the
triode with the most positive grid conducts and the other
triode is cutoff. Thus, with a positive reference voltage on
the grid of V14, the signal from the vertical amplifier is ap-
plied to the grid of V4. When the signal amplitude at V4
exceeds the reference voltage at the grid of V14, the
comparator switches and V4 conducts and V14 cuts off.

D4 and D14 protect V4 and V14 during warmup. Q8 is a
constant-current source to reduce nonlinearity caused by bias
changes.

If the signal from the vertical amplifier is negative, the
SLOPE switch on the front panel is placed in the minus
{—) position. This reverses the inputs and puts the refer-
ence voltage on the grid of V4. (In both cases, V14 is in
conduction at the start of a comparison.)

Transistor Q14 is a key component in this portion of the
circuit. When V14 conducts, its plate voltage is about 4100
volts. When V14 cuts off, its plate rises to +125 volts and
Q14 cuts off. In this case, V4 and Q4 are both turned on,
and Q4 and Q14 form a differential amplifier.

Q14 turns off when the signal applied at pin 8 exceeds
the reference appplied to pin 9. The collector of Q14 is
connected to the base of Q24 through R20. The collector of
Q14 is also connected to the base of Q44 through R17.
When Q14 turns off, its collector voltage drops to about 49
volts. Q24 turns on and Q44 turns off. R22 is the collector
load for both Q24 and Q34. With Q24 turned on, Q34
cannot conduct since its collector is clamped at +20 volts.
A similar situation exists between Q44 and Q43. With Q44
turned off, Q43 can conduct.

Pin 16 of the circuit board receives positive clock pulses
from the Voltmeter board. The pulses are applied to the
bases of Q43 and Q34. With Q43 turned on, the pulses
are coupled from the emitter of Q43, through C42, to the
charging circuit of C50. The rectified pulses charge C50.
The cumulative charge of 3 pulses at C50 are needed to
raise the grid of V53 to the point where tunnel diode D52
will switch. The circuit is designed to require three pulses
to prevent a single transient from prematurely switching the
tunnel diode. This three-pulse delay does not affect accuracy
since the same delay exists in the Stop Comparator. Fig.
4-12 {a) shows the states of the various stages during the
charge of C50.

When the clock pulses have charged C50 to 5 volts, D23
and D24 become forward-biased and limit the voltage across
C50 to +5 volts.

When the signal at the input to the comparator (V4 and
V14) drops below the reference, the comparator again
switches and Q14 turns on. This reverses the state of the
transistors thai follow, and Q34 turns on and Q43 turns
off (see Fig. 4-12 (b)). The clock pulses pass to the base
of Q34 and appear across R22, the collector load resistor.
The negative pulse couples through C22 to the circuit of
C50. Each negative clock pulse removes some charge from
C50 until the voltage drops to —1 volt. At —1 volt, D43
and D44 become forward-biased and prevent C50 from
going further negative.

This circuit is called a “bucket and ladle’. The positive
clock pulses ladle charge into the “bucket’ {C50), and nega-
tive clock pulses ladle charge out of the “bucket’.
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Fig. 4-12. (a) Condition of transistors when C50 is charging;
(b} Condition during C50 discharge.

All of the foregoing circuitry is designed to switch tunnel
diode D52 at the correct time.

The sharp rise in dc level caused by D52 is applied to the
base of Q54. From Q54 the pulse can pass in two direc-
tions. If pin 4, which is connected to the front-panel SLOPE
switch, is grounded (FIRST SLOPE position), the pulse will be
amplified by Q94 and appear as a positive pulse at pin 2.
If pin 5 [SECOND SLOPE position} is grounded, the pulse will
be amplified by Qé4 and will switch the bistable multivibra-
tor Q65-Q75. The first multivibrator pulse does not appear
at the output. A second pulse {from a second comparison at
V4 and V14] will switch the multivibrator back to its initial
state and send a negative pulse to the base of Q84. This
pulse is amplified and passed from the collector of Q84 to
the output at pin 2. The multivibrator is reset at the end of
each display period. Thus, it is necessary to have 2 or more
pulses or cycles on the crt to use the SECOND position of the
SLOPE switches.

With the front-panel TIMING switches in their MANUAL
position, the comparator reference is a dc voltage set by
the MANUAL control. The signal side of the Comparators
now receive the horizontal sweep voltage. As the sweep
voltage rises it reaches the voltage set by the Start MANUAL
control and the comparator delivers a pulse. As the sweep
voltage continues to rise it reaches the point set by the Stop
MANUAL control in the Stop Comparator and that circuit
delivers a pulse. Both pulses pass to the Master Gate circuit
and determine the time of measurement.

MASTER GATE BOARD
The Master Gate performs five functions:
1. Allows clock pulses to pass to the = 1, 2, 5 circuit.

2. Forms a reset pulse.



3. Forms a print command pulse.
4, Controls the display time of the readout.

5. Forms a start-to-stop pulse to the Analog Display
(intensified zone).

Gating the Clock Pulses

The four transistors on the right side of the Master Gate
schematic (Q13, Q43, Q63 and Q73) form an "And" gate.
Thus, Q13, Q43, and Qé3 must be turned off before a signal
can pass through Q73. R13 is a common-emitter resistor for
these four transistors. If Q13, Q43, or Q463 is turned on, the
voltage at the emitter of Q73 prevents clock pulses from
passing through.

The transistors and their control circuits are:
Q13: Horizontal Sweep Gate.

Q43: Start Comparator.

Q63: Stop Comparator.

in time measurements, Q13 is controlled by the 4 and
— gates from the 09, Zone circuit board. In voltage measure-
ments, the 4 gate turns Q13 off and the voltmeter reset
pulse turns it on.

The voltage at the base of Q3 is very important to the
circuit operation. With 420 volts on this base, Q13 in the
"And'"' gate is turned on. With the base of Q3 at zero, Q13
is turned off. A voltage divider between the +125-volt and
the —100-volt supplies {R16, R8, and R7) forms both a volt-
age source and a feedback path between the plate of V15
and the base of Q3. When V15 turns off, its plate voltage
rises. This increases the base voltage of Q3 and this transis-
tor turns off. The base voltage of Q3 continues to rise until
both D5 and D3 become forward-biased. When this occurs,
the base of Q3 is clamped at 420 volts.

The + gate, at pin 9 of the board, is differentiated by
C3 and R3. The positive differentiated spike is attenuated by
D3. The negative spike, however, momentarily back-biases
D3. This permits the base voltage of Q3 to drop, and Q3
conducts. The emitter of Q3 (and the cathode of V15) drop
toward ground, and V15 conducts. At the same time, Q13
in the "And" gate turns off. As V15 conducts, its plate volt-
age drops, driving the base of Q3 further negative. D4 and
D2 serve to clamp the base of Q3 near ground.

To reverse the operation, the — gate (time measurements}
or voltmeter reset pulse (voltage measurements) comes to the
circuit through pin 7. The — gate leading edge (negative
going) is differentiated by C2 and R2 and bypassed by D2.
The positive going trailing edge of the — gate is differen-
tiated and the positive spike back-biases D2, and increases
the voltage at the base of Q3. Q3 turns off, V15 turns off,
and Q13 in the “"And" gate turns on. The base of Q3
returns to 420 volts.

Q43, the second "And" gate transistor, is operated by a
bistable multivibrator that is alternately switched by a reset
pulse* and a pulse from the Start Signal Comparator. Since
the reset pulse always precedes the Start Signal Comparator
pulse, it is used to reset the bistable multivibrator and turn
Q43 on. With Q43 turned on, Q45 is also turned on. A

* The reséf pulse |n time meosurements is the —0% zone pulge;
in voltage measurements, the voltmeter reset pulse is used for
this purpose. The change is made by the MODE switch.
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positive pulse from the Start Signal Comparator enters the
circuit at pin 2 and couples through C32 and D32 to the
collector of Q35. It also passes through R36 and C36 to the
base of Q45. This causes the multivibrator to switch and
Q35 turns on. Q45 turns off, also turning off Q43, the “"And”
gate transistor.

Q63, the next transistor in the "And'" gate, is also con-
trolled by a bistable multivibrator. The circuit is switched by
a reset pulse and a pulse from the Stop Signal Compara-
tor. The reset pulse enters the circuit at pin 20 and couples
through C52 and D52 to the collector of Q55 and then
to the base of Qé5. This causes Q55 to turn on and Q65
and Q63 to turn off. A pulse from the Stop Signal Com-
parator enters through pin 19 and couples through Cé2
and D62 to the collector of Q65. The multivibrator switches
and Q63, the "And" gate transistor, turns on.

Fig. 4-13 shows when the “And" gate is open to allow
clock pulses to pass. Positive clock pulses from the Voltmeter
board enter the circuit at pin 4 and are applied to the base
of Q73. This transistor is connected as an emitter-follower
and the positive clock pulses couple from its emitter direct to
the base of Q74. The pulses are amplified and pass from the
collector of Q74 direct to the bases of Q83 and Q93. These
transistors are arranged as a double-emitter follower to as-
sure good fidelity of the clock pulses. The pulses pass from
the junction of the common emitter resistors to the output of
the circuit board at pin 5.

Forming the Reset Pulse

This large amplitude pulse {approximately 100 volts peak-
to-peak) is used to reset the = 1, 2, 5 the = 10, and
the four counter circuits. The pulse is formed when Q3 turns
on. V15 turns on and a negative pulse is coupled through
C16 to the base of Q24. The pulse is amplified by Q24 and
applied to the base of Q23 (emitter follower). Q23 drives
the pulse through C27 to pin 8 of the circuit board. The dc
level of pin 8 is 4125 volts through D28.

Forming the Print Command

The voltage at pin 13 of the circuit board follows the
voltage at the emitter of Q3. When this transistor turns on,
its emitter is at zero volts and the print command is at zero
volts. When Q3 turns off, its emitter is at +20 volts from
the +20-volt supply through R17. This dc level is also ap-
plied through R18 and the print command at pin 13 is at 420
volts (no load). The print command is used to gate the
Voltmeter ramp, Limit Light Driver, and also for external
programming.

Controlling the Display Time

When V15 conducts, its grid circuit is held near ground.
When this tube is cutoff, C14 in its grid circuit starts to
charge toward 416 volts through the DISPLAY TIME con-
trol (front panel). When the charge of C14 reaches 16 volts,
V15 conducts and Q3 can again be turned on. When Q3 is
turned on, C14 discharges through the grid to cathode path
and returns to ground. The time constant of the DISPLAY
TIME control {5 meg) and Cl4 determine the time interval
between each count shown on the readout.
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Fig. 4-13. Time relationship of waveforms in the Master Gate circvit.

Start-To-Stop Pulse to the Analog Display

Q53 and Q33 form a separate “And" gate that requires a
low voltage (about +2 volts) on each base in order to get a
similar low voltage from the output. With either transistor
turned on, the common emitter output will be at +20 volts.
The base of Q33 is connected to the collector of Q45 and
the base of Q53 is connected to the collector of Q65. The
"And" gate formed by Q53 and Q33 will have a low voltage
output (about +2 volts) only when both Q45 and Q65 are
turned off. This coincides with the time that Q43 and Q63
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in the clock pulse “And" gate are turned off. The low volt-
age signal at pin 18 passes to the Analog Display circuit
and is used to intensify the crt display between the points
being measured.

=1, 2, 5 BOARD
This circuit uses three binary sets (bistable multivibrators)

to divide by 5, and 1 binary set to divide by 2. The divide-
by-1 is a straight-through transistor amplifier. Refer to the

@



Counter circuit description for details on binary set opera-
tion. A positive clock pulse enters the circuit at pin 7 and
moves in three directions:

1. Through C2, to the = 5 circuit.
2. Through C62, to the =2 circuit.
3. Through C80 and R80 to the base of Q84.

Note transistors Q44, Q74, and Q84. The base of each
transistor is connected through one side of a divider to a
circuit board pin {Q44 to pin 2, Q74 to pin 10, Q84 to pin
1). These pins connect through the instrument wiring to the
horizontal time base and vertical plug-in units. When the
Type 6R1 MODE switch is in the TIME position, a ground
connection is made at the TIME/DIV. switch in the horizontal
plug-in unit. The ground is alternately connected to pin 1, 10,
and 2 of the = 1, 2, 5 board. The transistors connected to
the ungrounded pins are biased to cutoff,

For excmple it the TIME/DIV. switch on the horizontal
plug in unit is set at 10 m|croseconds/d|V|5|on pin 1 of the
, 2, 5 circuit board is grounded and the amount of
clock pulses at pin 6 (output) is the same as the amount at
pin 7 (input). if the TIME/DIV. switch is set at 5 micro-
seconds/division, pin 10 of the board is grounded and the
amount of clock pulses at pin 6 (from Q74) is one-half the
amount at pin 7 (input). Finally, if the TIME/DIV. switch is
set to 2 microseconds/division, pin 2 of the board is ground-
ed and the amount of clock pulses at pin 6 (from Q44) is
one-fifth the amount at pin 7.

Each position of the TIME/DIV. switch will ground either
pin 1, 10, or 2, when the Type 6R1T MODE switch is in the
TIME position.

When the Type 6R1 MODE switch is in a VOLTAGE posi-
tion, a ground connection is made at the MV/DIV. switch
in the vertical plug-in unit. When the MV/DIV. switch is set
at 10, pin 1 of the = 1, 2, 5 circuit board is grounded.

Circuit Description — Type 6R1

The 5 millivolt/division position grounds pin 10, and the 2
millivolt/division position grounds pin 2.

Though the setting of the MV/DIV. switch on the vertical
plug-in unit may be changed, the readout will remain the
same due to the = 1, 2, 5 circuit. This is also true of time
measrements, and changes in the setting of the TIME/DIV.
switch on the horizontal plug-in unit will not affect the read-
out.

All of the binary sets on the circuit board are reset at the
beginning of a new count by «a reset pulse at pin 8 from the
Master Gate circuit.

COUNTER BOARD

Each counter board consists of four binary sets (bistable
multivibrators), ten driver transistors, and a staircase emit-
ter follower.

Since all binary sets are similar, only the first will be de-
scribed in detail.

In a binary set, when one transistor is turned on, the other
is off. Before a count is made, a positive reset pulse from
the Master Gate is applied to the base of Q5 and this
transistor turns off. Q15 turns on and its collector rises to
+20 volts. D12, connected to the collector of Q15, is back-
biased. With Q5 turned off, its collector is at ground and
D2 is forward-biased. A positive pulse coupled through C2
finds a path through D2 but is blocked by D12. The positive
pulse passes through D2, then through Cé to the base of Q15.
Q15 turns off and its collector goes negative. This negative-
going pulse couples through C16é to the base of Q5 and this
transistor turns on. The binary set has changed states. D12
is now forward-biased and D2 back-biased. The next pulse
coupled through C2 will pass through D12 to the collector of
Q15. The binary set will change again and a positive
voltage will appear at the collector of Q15. This is coupled
as a pulse through C22 to the next binary set.

Pulse Binary Set i
Number | 1 | 2 | 3 | 4
o Lo lolo]o
T 00| 0
2 0 | 1 0| 0
3 ] 1070
4 oo 1] o0
5 1] 0 1 0
6 0 | 1 1 0
7 1 1T 0
8 00| 0| 1
9 110 0 1
10 | 0 1] 0o |1
o 1 1 o | 1
12 ool 1|1
13 1o
T4 T o T 1
15 [ 1
o ‘o000
(a)

Pulse Binary Set
Number | 1 | 2 | 3 | 4
0 o0 o 100
1 |1 00 o0
2 0| 1[0 o0
3 1 1 0 0  Feedback
4 0 | 1 1 0o
3 ! T 0 (Leedback
6 0 | 0 | 1 1
7 1 o1 |1
8 0 | 1 1 1
o |1 |1 | 1
0 lololo] o
(b)

Fig. 4-14. Comparison between scale of 16 (a) and
scale of 10 (b) counter.
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It takes two positive pulses at the input to a binary set to
get one positive pulse in the output. Thus, it divides by two.

By connecting a second binary set to the output of the
first, the circuit divides by 4. A third divides by 8, and a
fourth divides by 16.

To divide by 10, it is necessary to use feedback. C38 in
the collector circuit of Q45, and C58 in the collector circuit
of Q65, couple pulses back and change the states of the
previous binary set to make the circuit divide by 10.

Fig. 4-14 (a) shows the state of each binary set in a scale-
of-16 circuit without feedback. A one (1) in the column means
that the input transistor of a binary set is turned on; a zero
is an off condition.

A count-by-ten counter must have ten different arrange-
ments of its binary sets caused by 10 consecutive pulse
inputs, and must also return to its start point on the 10th
input pulse.

Fig. 4-14 (b) shows the change caused by feedback. On
the 4th input pulse, the circuit “skips" ahead to a condition
that represents the number 6" [although the readout shows
a 4). Note that the only difference between four and six is
the state of the 2nd binary set. The feedback pulse holds
the 2nd binary set on, and the counter has instantaneously
skipped ahead two counts.

The 6th input pulse to the counter causes a feedback
pulse from the last binary set to couple back to the 3rd
binary set. This causes the counter to skip ahead four
counts to the condition for number "12" (the readout shows
a 7). The remaining pulses move the counter to the end of a
cycle and it returns to zero on the 10th count. By skipping
ahead a total of six counts, the circuit returns to zero on
the 10th count (instead of the T1éth count} and a count-of-
ten is complete.

Fig. 4-15 shows the waveform condition of each binary set
and includes the feedback points that convert the circuit to
a scale-of-10 counter.

As each pulse passes through the counter circuit it should
light a corresponding number on the readout tube. This is
accomplished by the readout driver transistors, Q100 through
Q109 inclusive.

Notice that the emitters of the odd transistors are connect-
ed to RI109 in the collector of Q15. With Q15 turned on,
the positive voltage developed across R109 will back-bias
these odd transistors and prevent them from turning on. The
even fransistors are connected to R110 in the collector of Q5
and they become back-biased when this transistor is turned
on. Thus the state of the first binary set determines whether
the number on the readout is odd or even. Because of this,
the bases of the pairs of transistors can be connected to-
gether since only one of the pair can turn on.

Q100 and Q101 drive the numbers 0 and 1. The voltage
developed across R100 in the base circuit of this pair will
determine whether they can be turned on. At the beginning
of a count a pulse from the Master Gate circuit enters the
board at pin 8 and resets each binary set. After reset, the
right hand transistor in each binary set is turned on. Since
Q5 in the first binary set is turned off, the number will be
even. Notice that R100 in the base circuit of Q100 is con-
nected through R75 to the collector of Q75, which is turned
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Fig. 4-15. Waveform relationship of Binary sets showing feedback.

on. Also, R100 is connected through R35 to the collector of
Q35, which is turned on. The combined current from these
two transistors add across R100 and Q100 turns on. The
number zero (0) will show on the readout. Each pair works
in the same way with the current being derived from the
transistors in the binary sets.

The staircase voltage required by the No-Go circuits is
formed by a voltage divider in the base circuit of Q83. The
output level at the emitter of this transistor changes linearly
with each count. For example, if the counter stops at the
number 5, there will be a 12.4-volt dc level at pin 2 of the
circuit board. R81 in the base circuit of Q83, together with
R3, R23, R43, and Ré43, form a voltage divider that changes
the value of voltage at the base of Q83 with each count.
Each of these four resistors is connected in the collector cir-
cuit of the left hand transistors of each binary set. The on
or off condition of these transistors determines the value of
voltage applied to the base of Q83.

ANALOG DISPLAY BOARD

The Analog Display circuit intensifies the crt display during
the 0% zone, 100% zone, and the area of the trace being
measured (during time measurements).

The trace is intensified by increased dc level coupled
from the collector of Q94 to the crt grid.

0% Intensified Zone

A negative pulse from the 0% Zone circuit board is
received at pin 8. The pulse is applied to the base of Q43
which turns on. Its emitter follows the base and a nega-
tive pulse is applied to the base of Q53. This pulse ap-
pears in the emitter of Q53 and passes to the base of
Q94 through R?1 and C91. Q94 turns on and a positive
pulse is coupled from its collector to the crt grid.



100% Intensified Zone

The 100% zone pulses from the Memory circuit board
enter the circuit through pin 14 (channel A) and pin 2
(channel B). The channel A pulse passes through Q3 and
D12 to the base of Q53. The channel B pulse passes through
Q23 and D32 to the base of Q53.

Start-To-Stop Intensified Zone

A negative pulse from the Master Gate circuit enters at pin
13 and is applied to the base of Q83 (emitter follower).
The emitter of this transistor is coupled to the base of Q9%4.
The positive pulse to the crt is taken from the collector of
Q94.

Intensified Zones Switches

Pin 15 of the circuit board is connected to the 0% and
1009 INTENSIFIED ZONES switch on the front panel. When
this switch is turned to OFF, 420 volts is applied to the
junction of R52 and D52. D52 becomes forward-biased and
the 420 volts is applied to the base of Q53, which is held
in cutoff. Pin 1 of the circuit board connects to the START
TO STOP INTENSIFIED ZONES switch on the front panel.
When this switch is turned to OFF 420 volts is applied to
the junction of R82 and D82. D82 is forward-biased and
holds Q83 in cutoff.

Dual-Trace

Due to the use of dual-trace, it is necessary to use a chop-
ped signal in the Analog Display. Q13 and Q63 are con-
trolled by the minus (—) chopped pulse from the 0% Zone
circuit board. The plus (4} chopped signal controls Q33
and Q73. The action of the chopping pulses can be seen
by examining Q3 and QI3. These two transistors are an
“And" gate that require a negative signal on both bases to
get an output. With either transistor turned on, its emitter
is near 420 volts and D12 is back-biased. The junction of
D12 and R42 is near +20 volts and Q53 (connected to this
junction) is turned off. When both Q3 and Q13 receive a
negative pulse, they both turn off, and D12 becomes forward
biased through R13. Thus, the junction of D12 and R42 drops
to about +3 volts and Q53 turns on.

Q63 and Q73 are used to gate the Start-to-Stop Zone to
the proper channel during dual-trace operation (for ex-
ample, a risetime measurement on channel A with both
traces on the crt]. Pin 5 is grounded by the Timing switches
and Q73 is electrically removed from the circuit. Q&3 re-
ceives the minus chop pulses from pin 12. During the time
that the chopped trace on the crt is on channel A, Q63 does
not offect the Start-to-Stop pulse to the base of Q83. When
the crt trace switches to Channel B, the minus chop pulse is
at 420 volts and this voltage turns Q63 off. The emitter of
Q63 rises to about +15 volts. This forward-biases D63,
which applies the positive voltage to the base of Q83. This
transistor is cutoff for the duration of the chopped pulse
and this period of time coincides with the time that the
crt trace is on channel B.

It a measurement is made from one channel to the other,
both pin 5 and pin 10 are grounded by the Timing switches
and these two transistors {Q63 and Q73) are not used.
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VOLTMETER BOARD

The Voltmeter board contains three separate circuits. They
are the voltmeter, crystal oscillator, and floating power sup-
plies. Each is described separately in this section.

Voltmeter

The Type 6R1 uses a counter to make voltage measure-
ments. Consider a linear ramp (part of a sawtooth) such as
shown in Fig. 4-16.

w-HrQ<
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|
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4 |
|
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0 00 1000 400
200 400 é 800 1200 ! 1600

MICROSECONDS

Fig. 4-16. Voltmeter ramp.

It takes 1000 microseconds for the ramp to rise 10 volts.
Each volt takes exactly 100 microseconds. This waveform is
used to measure voltage as shown in Fig. 4-17.

Voltage measurements are made between the 0% zone
and the 1009 zone. A sample of the voltage at the 0%
zone is taken by the 0% Memory circuit and applied to one
side of the Start Comparator. A sample is also taken from
the 100% zone by the A Memory or B Memory circuit and
applied to one side of the Stop Comparator. The Voltmeter
Ramp is then applied to the opposite sides of both the Start
and Stop Comparators. When the ramp reaches the 0%
zone voltage level, the Start Comparator sends a pulse to
the Master Gate circuit. The Master Gate opens and clock
pulses pass to the counter.

In voltage measurements the clock pulses are produced by
a T-megacycle oscillator mounted on the Voltmeter board.

When the ramp reaches the voltage of the 100% zone
applied to the Stop Comparator, this comparator sends a
pulse to the Master Gate circuit which closes the gate.
When the Master Gate closes, the counter stops and the
time shown on the readout is read as volts, millivolts, or
microvolts.

To maintain the correct reading when the MV/DIV. switch
is changed, the clock pulses pass through a = 1, 2, 5
circuit.

To measure a negative voltage, where the 100% zone is
more negative than the 0% zone, the polarity switch
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(A VOLTAGE or B VOLTAGE) is pushed down. This reverses
the inputs to the comparators and the measurement starts
at the 1009 zone and stops at the 09 zone.

The Ramp Slope is formed across C111. With Q103
turned on, the cathode of V105 is near ground. The grid
of V105 is also near ground. A positive pulse on the base
of Q103 turns this transistor off. V105 turns off and its
grid circuit is no longer clamped near ground. C111 starts
to charge through R1T1, R112 (RAMP SLOPE adjustment),
and D112 to the +300-volt supply. As C111 charges, this
same voltage is on the grid of V111 and it increases con-
duction. The cathode of V111 follows the grid and couples
the rising voltage through C118 and adds to the supply
voltage. This “boot-strapping” keeps C111 charging on a
linear rise.

When C111 rises to 17 volts, V105 conducts. With feed-
back from the plate of V105 to the base of Q103, this
transistor turns on. Thus, C111 rapidly discharges through
V105 by grid-to-cathode diode action and the ramp ends.

When the ramp ends and V105 conducts, a negative-going
pulse appears on the base of Q104. A positive pulse passes
from the collector of Q104 to the MODE switch.

A ramp is started by a —0% pulse from the 0% Zone
board. Q93 and Q83 form an "And" gate. Q83 is con-
trolled by the print command waveform from the Master
Gate circuit. Q93 can only start a ramp when the print
command waveform is absent. When Q93 can turn on, a
positive pulse is coupled from its emitter through C83 and
D86 to the base of Q103. Q103 turns off and V105 turns
off, and the ramp starts.

Crystal Oscillator

The 1-megacycle crystal is connected between the base
and collector of Q40. The oscillator signal is amplified by

100% STOP

Y

Q44 and appears across R44, the collector load resistor.
From there it is coupled to the base of Q54. R52, from the
base of Q54, is connected through pin 18 of the board to
the front-panel MODE switch. When the MODE switch is in
the VOLTAGE position, this point is grounded. Q54 is then
biased as an “overdriven” amplifier and a 20-volt clock
pulse appears across R54 and thus at pin 16 of the circuit
board. With the MODE switch not in the VOLTAGE position,
Q54 is biased beyond cutoff and the signal is blocked.

In the TIME START {—) STOP position of the MODE
switch, clock pulses from the horizontal plug-in unit are
applied through pin 5 to the base of Qé4. Pin 12 is ground-
ed in this position of the MODE switch and Q74 operates as
an “overdriven’ amplifier. The output of Q74 appears
across R54 and at pin 16 of the circuit board.

Diodes D54 and D74, in the emitter circuits of Q54 and
Q74, protect these transistors from excessive back-bias cur-
rent.

Floating Power Supplies

There are two identical power supplies. The circuit con-
sists of two transistors, with an 11-volt Zener diode con-
nected between them. Q28 and Q38 supply the Timing Start
voltage and Q8 and QI8 supply the Timing Stop voltage.
The output is taken from the Zener diode and connected
across the START VOLTAGE and STOP VOLTAGE controls
located on the front panel. One output lead of each supply
contains a variable resistor (START VOLTAGE CAL. and STOP
VOLTAGE CAL). This control adjusts the voltage to place
approximately 10 volts across the START VOLTAGE and
STOP VOLTAGE controls.

+10 BOARD

This circuit is almost the same as the binary set portion
of the Counter circuit and will not be described. For every

MEMORY COMPARATOR

/LA

100% ZONE

VOLTMETER | XTAL
RAMP OsC.

MASTER

0% ZONE

A

START

\
\
Y

GATE 1,2, 5 COUNTER

\

0% MEMORY
COMPARATOR

Fig. 4-17. Simplified diagram of circuits used for voltage measurements.
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Fig. 4-18. Simplified diagrom of Lower Limit No-Go circuit.

ten pulses applied to pin 15 (input) of the circuit board,
one pulse is present at pin 4 (output).

LOWER LIMIT NO-GO BOARD

The Lower Limit No-Go circuit does two things.

1. It sends a signal to the Limit Lamp Driver circuit when
the number on the readout is below the number set on the
LOWER LIMIT SET dials.

2. If a number on the readout exceeds the numbers dialed
on the LOWER LIMIT SET dials, the lockout portion of the
circuit prevents the Lower Limit lamp from lighting.

The circuit consists of seven comparators; four of these
compare the four digits of the readout and the other three
are lockout comparators. Each digit comparator receives
two voltages. The first is set by the LOWER LIMIT SET dials
and corresponds to the number shown on the dials. The
second is a staircase voltage that corresponds to the num-
ber on the readout and comes from the counter circuit.
If the voltage from the counter circuit is below that supplied
by the LOWER LIMIT SET dials, the Lower Limit lamp lights.

®

The voltages from the LOWER LIMIT SET dials are derived
from a precision voltage divider. Two voltages are delivered
to the Lower Limit No-Go board. The first represents the
number shown on the dial and the second represents one
digit higher in value than the number shown on the dial.

To help understand the circuit operation, consider only
the thousands digit. Assume that the extreme left (thousands)
digit shown on the LOWER LIMIT SET dials is 5. In the
circuit, 11.4 volts is applied through pin 5 to the base of
Q134. A count is made and the left-hand digit on the read-
out is 5. The counter circuit delivers 12.4 volts through pin
4 to the base of Q124. The base of Q134 has 11.4 volts
and the base of Q124 has 12.4 volts; therefore Q134, being
least positive, turns on. Due to current through Q134, its
collector is positive and D141 is back-biased. With this
diode back-biased, no signal is applied to the base of Q143
and this transistor cannot turn on.

tf the number on the readout had been 4 instead of 5,
then 10.7 volts would have been applied to the base of Q124,
and this transistor, being least positive, would have turned
on. In this case, Q134 would be turned off and D141 would
be forward-biased with —12 volts on its cathode. This —12
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volts would turn on Q143 and the signal to the Limit Lamp
Driver circuit would light the Lower Limit lamp.

The other three comparators work the same way. Since
each digit of the readout is compared with each digit on the
LOWER LIMIT SET dials, it is possible for the total number
to exceed the lower limit, yet one or more individual digits
can be below the digits on the LOWER LIMIT SET dials. For
example, assume the dials set at 5678, and the readout shows
6000. The total number on the readout is higher than the
lower limit, but the units, tens, and hundreds digits are lower.

Since each comparator compares the individual digits,
either the units, tens, or hundreds digit would light the Lower
Limit lamp. To prevent this, each comparator has a second
comparator that will lockout all other comparators when
the total readout exceeds the total number on the LOWER
LIMIT SET dials.

From the simplified diagram of Fig. 4-18 the LOWER LIMIT
SET dials (set at 5678) put 11.4 volts on the base of Q134.
The staircase voltage from the thousands counter puts 14.1
volts (6000) on the bases of Q124 and Q104. The LOWER
LIMIT SET dials also put 13.0 volts on the base of Q114.

The comparator transistor with the least positive base
turns on. The first comparator has 11.4 volts on Q134 and
14.1 volts on Q124, so Q134 turns on. Current flows through
R134 and D141 is back-biased. No negative signal reaches
the base of Q143

Since the number on the readout (6000} is larger than the
number on the LOWER LIMIT SET dials (5678), the second
comparator must lock out the remainder of the circuit. Q104
has 14.1 volts on its base while Q114 has 13.0 volts. Q114
is least positive and turns on. Three current paths are
formed. Path 1 through D114 draws current through R94
and D142 is back-biased. Path 2 turns Q113 on, and draws
current through D112 and R54, and D143 is back-biased.
Path 3 draws current through D113 and R14, and D144
is back-biased.

With current through each of the four resistors across
the bottom of the diagram, the four diodes are back-biased,
and no negative voltage is applied to the base of Q143. In
this condition, neither the hundreds, tens, nor units com-
parators can affect the circuit since they are locked out.

Each of the comparators except the units comparator has
an associated lockout comparator. When the digits on the
readout are read from left, and each one is compared with

the digit on the LOWER LIMIT SET dials, the first digit on the
readout that exceeds ifs counterpart on the LOWER LIMIT SET
dials will lockout all remaining digits to the right and their
respective comparators will have no affect.

UPPER LIMIT NO-GO BOARD

This circuit is identical to the Lower Limit No-Go circuit
with the following exceptions.

1. The voltage applied to the base of the first comparator
{Q124) by the UPPER LIMIT SET dials is higher than the
voltage supplied by the counter staircase.

2. The voltage applied to the base of Q104 in the lock-
out comparator is approximately 1.8 volts lower than the
voltage applied to the first comparator.

LIMIT LAMP DRIVER BOARD

The Limit Lamp Driver circuit takes the outputs from the
Upper and Lower Limit No-Go circuits and drives transis-
tors that control the proper limit lamp on the front panel of
the instrument.

The circuit is initially gated by a print command pulse
(a positive pulse from the Master Gate circuit). Without
this pulse, none of the lamps can light. The pulse length
of the gate is set by the DISPLAY TIME control on the front
panel of the instrument. The positive print command is
applied to the base of Q14 which is quiescently conducting.
Q14 turns off and its collector goes to —12 volts. The base
of Q13 is connected to the collector of Q14 and the —12
volts turns Q13 on. The emitter of Q13 then becomes the
source voltage for Q43, Q23, and Qé4.

Qé4 may be considered as a switch to ground. When the
transistor is turned on, Ré4 is almost grounded and the —12
volts cannot be applied to the base of Q63 (MID-ZONE
lamp). If @ —12-volt signal is received from the Upper Limit
No-Go circuit, Q23 turns on and applies —12 volis to the
base of Q33 {the Upper Limit lamp). At the same fime the
voltage across R&0 is sufficient to turn Qé4 on which switches
the voltage across Ré4 almost to ground.

The signal from the Lower Limit No-Go circuit works the
same way. Without a signal from either the Upper or Lower
Limit No-Go circuits, Q64 remains off and —12 volts turns on
Q63 and lights the MID-ZONE iamp.



SECTION 5
MAINTENANCE

PREVENTIVE MAINTENANCE

Certain measures may be employed to insure continued,
reliable performance of the Type 6R1. Such measures include
thoroughly cleaning the instrument, and performing a peri-
odic visual inspection and calibration.

Cleaning the Exterior

Loose dirt can be removed from the front panel and around
the control knobs with a soft paint brush or cloth. Stubborn
dirt can be removed with a soft cloth dampened with water
and a small amount of detergent (avoid abrasive cleaners).

Cleaning the Interior

Remove the Type 6R1 from the oscilloscope and withdraw
each of the circuit boards. Do not replace these boards
until the cleaning and visual inspection is completed.
Forced air may be used to remove free dust within the chassis
shell. Clean the circuit boards by dipping in warm soapy
water and brushing lightly.

CAUTION

Do not immerse any boards that contain controls
since water will remove their lubricant.

Rinse the boards thoroughly in clean water and air dry.
After cleaning, brush the contact pins with contact cleaner
to assure good electrical connection.

Visual Inspection

Make a thorough visual inspection of the chassis and
each circuit board. Look for loose or broken connections,
cracks in the etched circuitry, improperly seated tubes and
transistors, and scorched wires or components. For most of
these defects, the repair is obvious. However, scorched
wires or components are usually caused by other defects
in the circuit; you must first find and correct the cause of
overheating before installing new parts.

Calibration

The Type 6R1 is a stable instrument, and will provide
many hours of trouble-free operation. To insure continued
performance, however, we suggest that you check the calibra-
tion after each 500 hours of operation {or every six months
if used intermittently). A calibration checks each circuit,
and minor defects that do not show up in normal use may be
found at this time. A step-by-step procedure for calibrating
the instrument is included in Section 6 of this manual.

REMOVAL AND REPLACEMENT OF PARTS

General Information

Parts can be replaced in the Type éR1 by following
standard replacement procedures. However, the technique
described under “Soldering Precautions” should be used

®

when repairing etched circuit boards. It critical parts are
replaced, you should check the calibration in that portion
of the instrument to insure proper operation.

Tube and Transistor Replacement

Do not change tubes or transistors unless they are de-
fective. If you remove a tube or transistor from a socket,
be sure and return it to the same socket to avoid unnecessary
recalibration. Use pretested high quality tubes and tran-
sistors if replacement is necessary.

Soldering Precautions

In Tektronix instruments, a special silver-bearing solder
is used to establish a bond. While this bond may be broken
by repeated use of ordinary tin-lead solder, occasional use
will not break the bond if excessive heat is not applied.
If you maintain several Tektronix instruments, you should
have a stock of solder containing about 3% silver. This
type of solder is generally available locally, or it can be
purchased from Tektronix in one-pound rolls (part number
251-514).

The technique for soldering and unsoldering short-lead
and efched circuit components requires: (1} the use of
needle nose pliers between the soldering point and the
component to act as a heat shunt; (2) use a hot iron for
a short time; and (3) careful manipulation, since many small
components have weak leads.

Ceramic Terminal Strip Replacement

To remove a terminal strip, unsolder all leads and com-
ponents attached tc the strip. Then pry the strip, with
yokes attached, out of the chassis. If the spacers do not
come out with the yokes, they can be removed separately
or, if they are not damaged, they may be left in for use with
the new strip assembly.

A second way to remove the strip is to cut off one side
of each yoke with diagonal cutters to free the strip. The
remainder of the yoke can be pulled out with pliers. Re-
placement ceramic strips are supplied with yokes attached
{see Fig. 5-1).

Fig. 5-1. Ceramic strip assembly.
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TROUBLESHOOTING

General Information

This portion of the manual will help you if the Type
6R1 develops trouble. Information in other parts of the
manual, particularly the circuit description section, may
also prove helpful.

if trouble develops, first operate the front-panel con-
trols to see what effect they may have. The operation of a
control may help you establish @ symptom. {The location of
trouble which occurs only in certain control positions can
usually be found immediately from the symptom.) Once the
trouble symptoms are established, look for obvious causes;
check to see that the power is on, feel for irregularities
in control operation, listen for unusual sounds, and visually
check the instrument.

The following troubleshooting procedure consists of two
parts; circuit isolation and circuit troubleshooting. Table
5-1 outlines a general procedure to help you to isolate a
defective circuit. Table 5-2 contains detailed checks within
each circuit to help you locate the cause of the trouble.

Transistor Checks

If you have a Tektronix Type 575 Transistor Curve Tracer,
the transistors in a suspected circuit can be quickly checked.
If you do not have such an instrument, the transistors may
be checked for opens or shorts with an ohmmeter. Check
the resistance in both directions, between each of the tran-
sistor elements. Be sure to return transistors to their original
sockets unless they are defective. If you doubt whether a
transistor is good or not, substitute another in its place,
but be sure the voltages and loads are normal before
making the substitution.

CAUTION

When checking transistors with an ohmmeter, the
RX1 scale meter voltage may cause damage. Use
only the RX10 or RX100 scale.

Switch Wafer Code

Switch wafers shown on the schematics are coded to
show their position on a switch. The number in the code
refers to the wafer number on the switch assembly. Wafers
are numbered from front to rear. The letters F and R show
whether the front or rear of the wafer is used. The number
that follows the code letter identifies the pin on the wafer.

Wire Code

All power supply wiring in the Type 6R1 is color coded.
The widest stripe identifies the first color in the code.

White wire is used for plus (+) voltages (regulated).

Tan wire is used for minus (—) voltages (regulated).

5-2

Grey wire is used for unregulated voltages.

Yoltage Color Code

—12 Tan wire with brown and red stripes.

+20 White wire with red and black stripes.

—100 Tan wire with brown, black, and brown
stripes.

+75 {unreg)  Grey wire with brown and violet stripes.

+125 White wire with brown, red, and brown
stripes.

+225 (unreg.)  Grey wire with brown and yellow stripes.

+300 White wire with orange, black, and
brown stripes.

+400 (unreg) Grey wire with orange and red stripes.

Test Equipment

In the troubleshooting information that follows, reference
is made to the use of an oscilloscope to check waveforms.
Because of the short times involved in many of the wave-
forms, it is necessary to use a wide-band oscilloscope. The
use of a transistor curve tracer is optional. The following
equipment is required.

1. Wideband oscilloscope, such as Tektronix Types 541,
543, or 545, with Type K Plug-In Unit.

2. Ohmmeter, 20,000 ohms/volt, calibrated to 1% accu-
racy.

3. 20-pin etched circuit board extender, Tektronix part
number 012-068.

4. 15-pin etched circuit board extender, Tektronix part
number 012-067.

Power Supply Checks

The oscilloscope power supply should be checked before
proceeding with the Type 6R1. Remove the top panel of the
oscilloscope and check the pins of J31 for the following
voltages. (J31 is the connector at the top rear of the Type
6R1 compartment.)

J31 Pin No. Voltage

13 +225 unregulated
14 +300

15 +125

16 420

17 —12

18 —100

19 6.3 vac

20 ground

21 +75 unregulated
24 + 400 unregulated

NOTE

The voltage at pin 18 should be exactly —100
volts. All other voltages should be within 3%.
See oscilloscope instruction manual,

Circuit Substitution

Because several of the circuit boards are identical, the

trouble circuit can often be verified by substitution. For
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example, if measurements cannot be made on channel A

and the Memory board is suspected, reverse the positions

of the channel A and B Memory boards. If channel B is
now inoperative, the Memory board is defective.

Similar substitutions can be made with the Signal Com-

parator and Counter circuit boards.

the circuit from

Maintenance — Type 6R1

Circuit Board Input and Output Checks

The schematics show waveforms and voltages normally
present at the pins of each circuit board. They also indicate

which each signal is obtained or the circuit

to which a signal is applied. Where trouble in a circuit

board is not obvious, check each of the connector pins for

the proper voltage or waveform.

TABLE 5-1

CIRCUIT ISOLATION

- Trouble

Probable Causf:

1. Readout not illuminated.

Instrument plugs J31 and 132
not properly mated to oscillo-
scope. !

~ Reinstall Type 6éR1 into compartment.

_ Check

Check for good electrical mating of rear
plugs.

2. Readout numbers do not change in
any position of front-panel switches.

Start SIGNAL COMPARATOR | Check for signal at INPUT PIN 8 or .
board. Check for start pulse at OUTPUT jack.
Master Gate board. ~ Check for clock pulses at pin 5.

= 1, 2, 5 board. | Refer to = 1, 2, 5 chart, Table 5-2.

Units COUNTER board.

Check for clock pulses at pin 1. Reverse
positions of Units and 100's boards.

3. Unit measures voltage, does not meas-
ure time.

No clock pulses from VOLT-
METER board.

4. TIMING START and STOP switches
only work in MANUAL position.

|

No signal to MEMORY boards.

Check pin 5 for input clock pulses.
Check pin 16 for output clock pulses.

Check A signal and B signal cathode
followers (located behind TIMING STOP
and START switches respectively).

5. Unit measures time, does not measure
voltage.

Oscillator VOLTMETER |

board.

on

Check pin 16 for clock pulses.

Voltmeter Ramp.

Check pin 17 for ramp waveform.

Voltmeter reset.

Check pin 4 for reset pulse.

6. Does not make channel B time per-
centage measurements.

Channel B MEMORY board.

Refer to MEMORY board chart, Table
5-2.

7. Does not make channel A time per-
centage measurements.

Channel A MEMORY board.

Refer to MEMORY board chart, Table
5-2.

8. No 0% intensified zone on display.

0% ZONE board.

ANALOG DISPLAY board.

Check 0% ZONE WIDTH adjustment.

Check Q43.

9. No 100% intensified zone on display.

MEMORY board.

Check 100% ZONE WIDTH adjustment.

ANALOG DISPLAY board.

Check Q3 and Q23.

10. No %’@Sf&pﬁntégiﬁfied zone.

ANALOG DISPLAY board.

MASTER GATE board.

Check Q53 and Q33.

Check Q83, D63, and D73.

"11. No intensified zones.

ANALOG DISPLAY board.

Check Q9%4, Q83, and Q53.

" 12. Readout does not indicate in certain
positions of MV/DIV. and TIME/DIV.
switches.

= 1, 2, 5 board.

Refer to = 1, 2, 5 circuit chart, Table

5-2.

13. Will not measure 2nd slope.

SIGNAL COMPARATOR board.

Check multivibrator in SIGNAL COM-
PARATOR boards.

14, START and STOP VOLTAGE dials will
not set Start-to-Stop intensified zone.

VOLTMETER board. |

Check floating power supplies.

15. Limit lamps will not light.

LIMIT LAMP DRIVER board.

Check Q14 and Q13. Check lamps.

16. Limit switches not operating properly.

UPPER or LOWER LIMIT NO-
GO board.

Refer to appropriate circuit chart, Table
5-2.

“17. Instrument will not operate with RES- | = 10 board. Refer to — 10 circuit chart, Table 5-2.
OLUTION switch in AVERAGE OF TEN

SWEEPS position.
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TABLE 5-2

CIRCUIT TROUBLESHOOTING

Trouble

Check or Possible Cause

Trouble l Check or Possible Cause
0% ZONE Board
1. No. + 0% wave-| Qé3.
form at pin 12,
2. No — 0% wave-
form at pin 5 and no | Qé4.

0% intensified zone on
display.

3. No 4 or — 0%
waveforms at output
pins.

Q54, Q43, or D43.

3. No output pulse at
pin 2.

Connect test oscilloscope to test
point 1. If waveform is not as
shown on schematic, Q54, D42
or V53 may be defective. Con-
nect probe to point 2. If wave-
form is absent, check Q34, Q43,
and all diodes. Move test probe
to point 3. If waveform is pres-
ent, check Q24 and Q44, other-
wise check V4, V14, Q4, and
Q4.

4. No sweep at pin 10.

V43,

MASTER GATE Board

5. No — gate at pin
14.

Q13

6. No + gate at pin
13.

Q24, Q23, or Q33.

1. Instrument will not
count,

One at a time, remove QI13,
Q43, and Q63 until count starts.
If count does not start, check
Q73, Q74, Q83, and Q93.

7. Intensified zones are
not correct in dual-
trace operation,

Q74 and Q84.

MEMORY Board

2. Count starts when [ Qé3, Q55, Q65, D52, Dé2.

Q63 is removed.

3. Count starts when | Q43, Q35, Q45, D32, D42,

Q43 is removed.

4. Count starts when | Q13, Q3, diodes in base circuit

Q13 is removed.

of Q3, V15.

1. 100% intensified | Q13. 5. Counter does not re- | Q24, Q23, D28.
zone extends from set to 0000 before each
start point through en- count.
tire_display. 6. No Stari-to-Stop in- | Q53, Q33.
2. No 100% intensified | Q23 or Q3. tensified zone on dis-
zone. play.
3. 100% intensified | Q43. 7 Storf—to-Sfop intensi- | Q33.
zone raised several fied zone begins at 0%
millimeters above dis- zone and does not
play. move when TIMING
7 N oot | C t voltmeter fo fest ooint ] START switch is turned.
. No memory outpu nn m est poin
Y P e o e © g 8. Start-to-Stop intensi- | Q55.

voltage at pin 8.

(see Memory schematic). Display
waveform on Type 567 Oscillo-
scope. Turn 1009 ZONE SET
control (front panel) from one
end to the other. If voltage
changes, check V53 and Q58. if
no voltage change, check Q33,
Q43, and the bridge diodes.

fied zone extends from
start point to full length
of display.

VOLTMETER Board

5. No memory output
voltage at pin 7.

Connect voltmeter to test point 2
([see Memory schematic). Adjust
DELAY control on time base to
move display through the 09
intensified zone. If voltage
changes, check V83 and (388. If
no change, check Q&3, Q73,
and bridge diodes.

1. No Voltmeter Ramp
output.

Connect test oscilloscope to test
point 1. If ramp is present, check
VI, If ramp is not present,
check D112, Q103, or VI105.
Check for waveform at test point
2. If not present, check D8,
D85, Q83, and Q93.

2. No reset pulse at
pin 4.

Q104.

SIGNAL COMPARATOR Board

1. Instrument measures
on 2nd slope only.

Q4.

3. No clock pulses at

pin 16 in VOLTAGE
position of MODE
switch.

Connect test oscilloscope to point
3. If 1-megacycle oscillator sig-
nal is present, check Q54, or D54.
If no signal, check Q44, Q40,

and the 1-megacycle crystal.

2. Instrument measures
on Ist slope only.

Qé4, Q65, Q75, Q84, Dé2 and
D72.

4. No clock pulses at
pin 16 in TIME position
of MODE switch.

Connect test oscilloscope to point
4. If clock pulses are present,
check Q74 and D74. If no pulse,
check Qé4.
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TABLE 5-2 (Cont'd)

Maintenance — Type 6R1

Trouble

Check or Possible Cause

Trouble

Check or Possible Cause

5. Precision dials do
not adjust start or stop
points on display.

Voltage between pins 1 and 2,
and pins 19 and 20, should be
approx. 9.4 volts. Check transis-

2. Readout does not
return to 0000 at start
of count.

Check for reset pulse at pin 8.

tors and Zener diodes in floating 3. No staircase voltage | Q83.
power supplies (Q28, Q38, D27, supplied to no-go cir-
and Q8, Q18, and D7). cuits.
ANALOG DISPLAY Board 4. Ng count; readout | Interchange Units and 1000's
- — remains at 0000. board.
1. No 0% intensified | Q43.
zone on display. ~ 10 Board

2. No 100%, intensified
zone on display.

Q23, Q3, D12, or D32.

If the instrument operation is normal when the RESO-
LUTION switch is in the ONE SWEEP position, but erratic

when this switch is in

the AVERAGE OF TEN SWEEPS

position, the = 10 circuit board is probably defective.

1. Instrument will not
operate properly with
RESOLUTION switch in
the AVERAGE OF TEN
SWEEPS position.

Check for +420-volt gate pulse
at pin 4,
Check Q83.

3. No intensified zones | Q9%4.
on display.
4. No  Start-to - Stop | Q83, D82.
zone on display.
5. Channel B 100% | Q33.
zone also on channel
A display.
6. Channel A 100% | Q13.
zone also on channel
B display.
= 1, 2, 5 Board

This board consists of three separate circuits that are

2. Counter runs con-
tinuously with RESO-
LUTION switch in the
AVERAGE OF TEN
SWEEPS position.

Check for +20-volt gate pulses
at test points 1, 2, 3, and 4.

LOWER LIMIT NO-GO Board

individually selected by the TIME/DIV. and MV/DIV.
switches on the horizontal and vertical plug-in units re-
spectively. The circuit in use is determined by the set-
ting of these switches as follows:

1. Lower Limit lamp
will  not light when

Check lamp and Q143. Test
point 5 should read —11 volts.

TIME/DIV. OR MV/DIV.

dJ1,10
5,5, 50
.2, 2, 20, 200

Circuit Used
=1

=5

readout is below num-
ber on LOWER LIMIT
SET dials.

Check Q143, Q134, Q%4, Q54,
and Q14.

2. Lower Limit lamp on
at all times.

1. Readout shows 0000
when TIME/DIV. switch
is in .1, 1, or 10 posi-
tion.

Q84, D84.

2. Readout shows 0000
when TIME/DIV. switch
is in .5, 5, or 50 posi-

tion.

Q74, D74. Check = 2 multivi-
brator transistors and diodes.

3. Both Lower and Up-
per Limit lamps on at
the same time when
readout total exceeds
LOWER LIMIT SET
number.

Lower Limit circuit not locking
out. Check test points 1 through
4 for zero volts.

3. Readout shows 0000
when TIME/DIV. switch
is in .2, 2, or 20 posi-

Q44, D44, Check transistors and
diodes in — 5 multivibrators.

The following chart shows the numbers and the re-
sultant voltages delivered by settings of the LOWER
LIMIT SET dials and the voltages delivered by the counter
circuits that correspond to the numbers on the readout.

fion. LOWER LOWER
Number on LIMIT Number LIMIT
4. Readout will not | Check for input clock pulse at pin LOWER  VYoltage at  Voltage at shown Voltage at
count in any position of {7. If no output at pin é, check LIMIT SET  pins 1, 5, pins 2, on pins 4, 11
the TIME/DIV. or MV/ | Q84, Q74, and Q44. dials 12,13 14,13 readout 7,13
DIV. switches. 0000 3.0 47 0000 3.9
nn 47 6.5 111 5.7
COUNTER Boards 2222 6.5 8.0 2222 7.4
N ; N 3333 8.0 9.7 3333 9.0
The four Counter boards are identical, and may be inter- 4444 57 N4 4444 10.7
changed. 5555 1.4 13.0 5555 12.4
1. Single number with- | Check readout tube driver tran- 6666 13.0 14.8 6666 14.1
in readout tube does [sistor. (Q109 is 9's driver, Q103 7777 14.8 16.5 7777 15.7
not light. is 3's driver, etc.). Check readout 8888 16.5 18.2 8888 17.5
tube. 9999 18.2 20.0 9999 19.1
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TABLE 5-2 (Cont'd)

Trouble I Check or Possible Cause

UPPER LIMIT NO-GO Board

1. Upper Limit lamp | Check lamp and Q143. Test
will not light when | point 5 should read —11 volts.

readout is above num-
ber set on UPPER LIMIT

SET dials.
2. Upper Limit lamp | Check Q143, Q134, Q9%4, Q54,
on at all times. and Q14

3. Upper and Lower | Upper Limit circuit not locking
Limit lamps on at the | out. Test points 1 through 4
same time when read- | should read zero volts.

out total is below num-
ber set by UPPER LIMIT
SET dials.

The following chart shows the numbers and the result-
ant voltages delivered by settings of the UPPER LIMIT
SET dials and the voltages delivered by the counter cir-
cuits that correspond to the numbers on the readout.

UPPER UPPER
Number on LIMIT Number LIMIT
UPPER Yoltage at  Voltage at shown Yoltoge at
LIMIT SET pins 1, 5, pins 4, on pins 2, 11,
dials 12, 13 14, 15 readout 7,13
0000 4.7 3.0 0000 3.9
1 6.5 4.7 1 57
2222 8.0 6.5 2222 7.4
3333 9.7 8.0 3333 9.0
4444 1.4 9.7 4444 10.7
5555 13.2 11.4 5555 12.4
6666 15.0 13.2 6666 14.1
7777 16.5 15.0 7777 157
8888 18.2 16.5 8888 17.5
9999 20.0 18.2 9999 19.1

LIMIT LIGHT DRIVER Board

First check for +18 volts at pin 12 of the circuit board.

1. MID - ZONE Tamp | Check lamp and Qé4. Test point
will not light. 4 should read —10 volts.

2. MID-ZONE lamp on | Check Q64 and Q43.
at all times.

3. Upper Limit lamp | Check Q23 and Q33. Test point

will not light. 1 should read —12 volts.

4. Upper Limit lamp on | 4. Check Q33. Test point 1 should
at all times. read zero volts.

5. lower Limit lamp [ Check Q43 and Q53. Test point
will not light. 2 should read —12 volts.

6. Lower Limit lamp on | Check Q53. Test point 2 should
at all times. read zero volts.

7. No lamp will light. | Check Q13. Test point 3 should
read —11 volts,




SECTION 6
CALIBRATION PROCEDURE

Introduction

This section contains a complete calibration procedure
for the Type 6R1 Digital Unit. The instrument should be
calibrated after each 500 hours of operation (or every six
months if used intermittently). When transistors, tubes and
other components are changed, the calibration of the circuit
under repair should be checked.

Trouble in the instrument is often caused by changes in
component values. These troubles can usually be found by
checking the calibration of the suspected circuit, together
with the troubleshooting charts of Section 5.

The step by step instructions that follows are in proper
sequence to calibrate the instrument and avoid unnecessary
repetition of checks and adjustments.

Since the Type 6R1 can be calibrated with either sampling
plug-in units (Types 3576 and 3777} or real-time plug-in
units (Types 3A2 and 3B2) there are several steps in this
procedure that apply to only one.

With real-time plug-in units, the SQUARE-WAVE CALIBRA-
TOR of the Type 567 can be used as both a test waveform
and a frequency standard {60-cycle line frequency). Because

of the slower risetime of the Type 3A2, it is necessary to
connect a 0.1-uf capacitor from the calibrator output jack
(the jack being used) to ground as shown in Fig. é-1.

The location of each circuit board is shown in the Circuit
Board Location pull-out page, just ahead of the schematics.

EQUIPMENT REQUIRED

1. Vertical amplifier and horizontal time base plug-in
units (Type 3576 with Type 3777, or Type 3A2 with Type
3B2).

2. A 30-megacycle test oscilloscope with 5-mv vertical
sensitivity (Tektronix Type 540-Series oscilloscope with Type
H Plug-In Unit recommended).

3. Differential voltmeter (to resolve =1 mv) such as John
Fluke Model 801B or 825A, or Tektronix Type D High Gain
Differential Plug-In Unit with 1X  probes.

Either of these instruments can be used as a dc volt-
meter in the calibration procedure. If another type of null
detector is used, a separate dc voltmeter, 1%, will be
needed.

-
SQUARE-WAVE CALIBRATOR
05 .5 50
JUMPER @)/q © ©®
| TYPE 6R1
—/ R luf—’
TYPE 382
TYPE 3A2
(& crounD LUG
o

Fig. 6-1. Capacitor connection when Calibrator is used for test waveform.
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4. 1-megacycle Counter (==1¢9).

5. Square-wave generator with variable frequency {100
cycles to 1 mc) and variable output (0 to 20 volts); Tektronix
Type 105 recommended.

6. Sine-wave generator to produce a single frequency be-
tween 10 mc and 50 mc, accurate to at least 0.5%; Tek-
tronix Type 180A Time-Mark Generator recommended.

7. 1-15 pin Extender Board (etched circuit) Tektronix part
number 012-067.

8. 1-20 pin Extender Board (etched circuit) Tektronix part
number 012-068.

ADJUSTMENT PROCEDURE
DC Levels

The purpose of this series of adjustments is to set the out-
put of 6 cathode followers to within 1 millivolt of each other.
These cathode followers are the A signal and B signal, and
the two 0% and 100% cathode followers from the channel
A and channel B Memory boards.

1A. Channel A and B Output DC Level (real-time plug-
in units only).

a. Remove the channel B Memory board, put it into an
extender board, and reconnect into the chassis (see
Fig. 6-2). Adjust R443 (B SIG. DC LEVEL, behind TIM-
ING START switch) to the center of its range.

Fig. 6-2. Extender board used for circuit calibration.

b. Turn the TRIGGER SENSITIVITY control of the time base
plug-in unit to FREE RUN.

c. Connect a voltmeter to pin 5 of the channel B Memory
board and adjust the channel B POSITION control on
the vertical plug-in unit for 410 volts on the volt-
meter. Remove the voltmeter.

d. Connect a differential voltmeter between pin 5 of the
channel B Memory board and the grid of V493 (be-
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hind TIMING STOP switch). Turn the TIMING START
and STOP switches to B TRACE 50%.

e. Adjust the channel B POSITION control on the vertical
plug-in unit for a null on the differential voltmeter. The
output dc level of the two vertical channels is now
the same.

1B. Channel A and B Output DC Level (sampling plug-
in units only).

a. Connect the voltmeter to the A OUT jack on the Type
3576 and adjust the channel A POSITION control for
10 volts.

b. Connect the differential voltmeter between the A QUT
and the B OUT jacks on the Type 3576 and adjust the
channel B POSITION control for a null. The output
dc level of the two channels is now the same.

2. B Signal DC Level.

a. Set the TIMING START switch to B TRACE 50%. Con-
nect a voltmeter to INPUT PIN 8 on the Start Com-
parator board and measure approximately 10 volts.
This checks the B Signal cathode follower.

3. Start Comparator DC Balance.

a. Connect a jumper between the two INPUT jacks (pins
8 and 9) of the Start Signal Comparator board. Con-
nect a voltmeter to OUTPUT jack of this board.

b. Adjust R4 (DC BAL) until the voltage jumps between
zero and 20 volts. Adjust as close as possible to this
crossover point and leave with +20 volts at the OUT-
PUT jack. Remove the jumper.

4. B Memory 0% DC Level.

a. Connect a differential voltmeter between INPUT PIN
8 of the Start Comparator board and the 0% QUTPUT
jack of the channel B Memory (upper) board.

b. Adjust R83 {09% DC LEVEL) for a null on the volt-
meter,

5. B Memory 100% DC Level.

a. Connect the differential voltmeter between INPUT
PIN 8 of the Start Comparator board and the 100%
OUTPUT jack of the channel B Memory board.

b. Adjust R53 (100% DC LEVEL) for a null on the volt-
meter.

6. Channel B Memory Tracking.

a. Connect the differential voltmeter between the 0%
OUTPUT and the 100% OQUTPUT jacks on the channel
B Memory board.

b. Slowly turn the channel B POSITION control on the
vertical plug-in unit. The voltage difference may ex-
ceed 20 mv momentarily until the Memory circuits
recover. The difference voltage should stay within
+20 mv as the POSITION control is varied between
+4 and 416 volts (output voltage to Type 6R1).



7. A Memory 0% DC Level.

a. Connect the differential voltmeter between INPUT PIN
8 of the Start Comparator board and the 09, OUT-
PUT jack of the channel A MEMORY board.

b. Adjust R83 (0% DC LEVEL) for a null on the voltmeter.

8. A Memory 100% DC Level.

a. Connect the differential voltmeter between INPUT
PIN 8 of the Start Comparator board and the 1009,
OUTPUT jack of the channel A Memory board.

b. Adjust R53 (100% OC LEVEL) for a null on the volt-
meter.

9. A Signal DC Level.

a. Connect the differential voltmeter between INPUT
PIN 8 of the Start Comparator board and INPUT
PIN 8 of the Stop Comparator board. Set the TIMING
STOP switch to A TRACE 50%.

b. Adjust R493 (A SIG. DC LEVEL, behind the TIMING
STOP switch) for a null on the voltmeter.

10. Channel A Memory Tracking.

a. Connect the differential voltmeter between the 0%
OUTPUT and the 100% OUTPUT jack of the channel
A Memory board.

b. Slowly turn the channel A POSITION control on the
vertical plug-in unit. The voltage may exceed 20 mv
momentarily until the Memory circuits recover. The
difference voltage should stay within #=20 mv as the
POSITION control is varied between +4 and 416
volts {output voltage to the Type 6R1).

11. Stop Comparator DC Balance.

a. Connect a jumper between the two INPUT jacks
(pins 8 and 9) of the Stop Comparator board. Connect
a voltmeter to the OUTPUT jack of this board.

b. Adjust R4 (DC BAL.) until the voltage jumps between
zero and 420 volts. Adjust as close as possible to
this crossover point and leave with +20 volts at the
OUTPUT jack. Remove the jumper.

12. 0% Zone Width.

a. Turn the vertical plug-in unit to channel A and display
a free-running trace on the crt.

b. Adjust R43 (0% ZONE WIDTH control on 0% Zone
board) to make the 0% intensified zone on the trace 3
millimeters in width.

13. Channel A 100% Zone Width.
a. Use the same trace as in step 12,

b. Adjust R13 {100% ZONE WIDTH control on channel A
Memory board) to make the 100% intensified zone on
the trace 3 millimeters in width.

Calibration — Type 6R1

14. Channel B 100% Zone Width.

a. Turn the vertical plug-in unit to channel B and display
a free-running trace on the crt.

b. Adjust R13, (100% ZONE WIDTH control on channel
B Memory board), to make the 100% intensified zone
on the trace 3 millimeters in width.

15. Start and Stop Voltage Calibration.

a. Connect a square-wave generator to channel A of the
vertical amplifier plug-in unit. (Use Type 567 Square-
Wave Calibrator when real-time plug-in units are
used.) Set any convenient frequency and adjust the
controls to display a single waveform with exactly 8
divisions of vertical deflection between the 09% and
100% zones.

b. Set the Type 6R1 MQODE switch to TIME. Set TIMING
START switch to A TRACE 10% and the TIMING
STOP switch to A TRACE 909%. Note the readout.

c. Set TIMING START switch to START VOLTAGE A
TRACE. Turn the START VOLTAGE precision dial to
0.80.

d. Adjust R23 (START VOLTAGE CAL. on Voltmeter
board) until the readout shows the same number noted
in step b.

e. Set TIMING START switch back to A TRACE 10%
and TIMING STOP switch to STOP VOLTAGE A
TRACE. Turn the STOP VOLTAGE precision dial to
7.20.

f. Adjust R3 {STOP VOLTAGE CAL. on Voltmeter board)
until the readout shows the same number noted in
step b.

16. Voltmeter Clock Frequency.

a. Turn the MODE switch of the Type 6R1 to VOLTAGE
A. Remove the Voltmeter board and reinsert in an
extender board. Connect the counter to pin 16 of
the Voltmeter board and check for a frequency of 1
megacycle +=1%.

17A. Voltmeter Calibration (sampling plug-in units
only).

a. Connect a square-wave generator to channel A of the
vertical plug-in unit and display a single pulse of ap-
proximately 7 divisions of amplitude. Set the 1009
intensified zone to the peak of the pulse.

b. Connect a dc voltmeter {1%) to the A OUT jack of
the vertical amplifier plug-in unit.

c. Turn the SWEEP MODE switch on the time base plug-in
unit to MANUAL and position the dot on the display
at the 0% zone. Record voltmeter reading.

d. Turn the time base unit MANUAL SCAN control and
position the dot at the 1009, zone. Record voltmeter
reading.
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e.

f.

With

Return SWEEP MODE switch to NORMAL and Type
6R1 MODE switch to A VOLTAGE. Set RESOLUTION
switch to UNSCALED (MAX).

Subtract voltmeter reading of step ¢ from reading of
step d. The result should be the same as the number
shown on the readout. If it is not, adjust R112 (RAMP
SLOPE on Voltmeter Board) to make the reading the
same. For example, assume the voltmeter reading of
step ¢ is 7.25 volts and the reading of step d is 12.50
volts. 1250 — 7.25 = 5.25 (number on readout).

NOTE

the RESOLUTION switch in UNSCALED

{MAX), the decimal point and unit of measure

are both turned off.

The actual readout from

the example above would show 0525.

17B. Voltmeter

Calibration (real-time plug-in units

only).

a.

18.

Connect a 5-volt (0.5% amplitude accuracy) square-
wave generator to the channel A input connector (see
note below). Be sure the vertical amplifier plug-in unit
is accurately calibrated.

NOTE

The Tektronix Type 105 Square-Wave Generator
can be standardized at 5 volts by comparison in
the Tektronix Type Z Differential Comparator
Plug-In Unit. This plug-in fits all Tektronix
Type 530- and 540-Series oscilloscopes.

Adjust triggering controls for a single-pulse stable dis-
play with the 0% intensified zone at the bottom of
the waveform.

Adijust the 100%, ZONE SET control to place the 100%
intensified zone on the top of the square wave.

Set the Type 6R1 MODE switch to VOLTAGE A with
the A VOLTAGE switch pushed up.

Turn the RESOLUTION switch to HI AVERAGE OF
TEN SWEEPS.

Adjust R112 (RAMP SLOPE on Voltmeter board) until
the readout shows exactly 05.00 V.

Set the TRIGGERING MODE switch on the time base
plug-in unit to — [minus). Push the A VOLTAGE
switch on the Type 6R1 down. The readout should
show 05.00 V =1 count.

. Repeat step g with the signal in channel B and the

Type 6R1 MODE switch on B VOLTAGE.

Check Ramp Slope Linearity.

. Connect a square-wave generator to channel A of the

vertical plug-in unit and adjust the controls for a stable
display 1 division in amplitude.

. Set the Type 6R1 to read the voltage of the waveform.
. Use the vertical amplifier POSITION control and move

the display to the bottom of the graticule and note
the readout. Then move the display to the top of the

19.

a.

20.

21.

a.

22.

a.

graticule and note the readout. The count deviation on
the readout should not exceed =1 count.

0% and 100% ZONE SET Range.

Turn the vertical amplifier MODE switch to DUAL-
TRACE, free-run the sweep, and display two traces.
Set the Type 6R1 MODE switch to TIME.

The 0% zone should be intensified at the start of both
traces (left side of crt).

Turn both the A and B 100% ZONE SET controls on
the Type 6R1 fully counterclockwise. The 100% intensi-
fied zones should both move within the first major
division on the left of the crt.

Turn both the A and B 100% ZONE SET controls fully
clockwise. The 100% intensified zones should both

move within the last major division on the right side
of the crt.

Intensified Zones.

. Turn the vertical plug-in unit MODE switch to DUAL-

TRACE, free-run the sweep, and display two traces.

. Turn the TIMING START and STOP switches to MANU-

AL Set the TIMING START MANUAL control one-
quarter turn from the fully counterclockwise position.
Adjust the TIMING STOP MANUAL control one-
quarter turn from the fully clockwise position,

The 0%, Start-to-Stop, and 100% intensified zones
should be seen on both traces.

. Push the 0% and 100% INTENSIFIED ZONES switch

to OFF. These zones should disappear.

Push the START TO STOP INTENSIFIED ZONES switch
to OFF. This zone should disappear.

Display Time.

Turn the DISPLAY TIME control fully clockwise. The
readout should change approximately 10 times each
second.

Turn the DISPLAY TIME control fully counterclockwise.
The readout should change every 6 seconds (approxi-
mately).

Resolution Switch.

Set the RESOLUTION switch to ONE SWEEP LO, and
note the location of the decimal point. Then set the
RESOLUTION switch to AVERAGE OF TEN SWEEPS
HI; the decimal point should move one place to the
left and the count should remain the same except one
significant figure is added.

Set the RESOLUTION switch to AVERAGE OF TEN
SWEEPS LO; the units indicator tube should turn off.

. Set the RESOLUTION switch to ONE SWEEP UN-

SCALED [MAX); the decimal point and unit of measure
indicator tube should turn off.

23. TIMING START and STOP Controls.

a.

Connect the square-wave generator to both input con-
nectors of the vertical amplifier plug-in unit. (The
Type 567 Square-Wave Calibrator waveform may be

®



C.

d.

€.

used for real-time plug-in units.) Turn the MODE
switch to channel A and adjust the time-base to dis-
play two cycles on the crt.

Set the TIMING START and TIMING STOP switches to
MANUAL. Turn the TIMING START MANUAL control
fully counterclockwise and the TIMING STOP MANU-
AL control fully clockwise. The intensified Start-To-
Stop zone should start between graticule lines 0 and 1
on the left of the crt and stop between graticule lines
9 and 10 on the right of the crt. The intensified zone
may disappear; if it does, turn each control back a
few degrees from the extreme.

Set both SLOPE switches to FIRST and +. Set both
Timing switches to A TRACE 10%,. The readout should
remain at 0000. Check each position from 10% to
90% with the same setting on both the TIMING START
and STOP switches. Throughout these checks the read-
out should remain at 0000.

Set both SLOPE switches to FIRST and —, and repeat
steps ¢ and d.

Turn the MODE switch on the vertical amplifier to
channel B and repeat the above checks on the B
TRACE 9% side of the TIMING START and STOP
switches. If any number other than 0000 is seen on
the readout during the checks (c, d and e), recheck
the calibration steps listed below.

B Signal Dc Level

Start Comparator Dc Balance
B Memory 09 Dc Level

B Memory 1009, Dc Level

B Memory Tracking

A Memory 09 Dc Level

A Memory 100% Dc Level
A Signal Dc Level

A Memory Tracking

— O N0 00 NN AN

—_

Stop Comparator Dc Balance

24. Start to Stop FIRST = and SECOND —+ SLOPE,

a.

Connect the square-wave generator to channel A of
the vertical amplifier plug-in unit (Calibrator waveform
with real-time plug-in units) and adjust for two cycles
of display.

Set the TIMING START switch to A TRACE 10%, TIM-
ING STOP switch to A TRACE 90%, both START and
STOP block SLOPE switches to FIRST +, and MODE
switch to TIME. The Start-To-Stop zone should be on
the rising portion of the first cycle between the 10%
and 90% points on the waveform.

Change both START and STOP block SLOPE switches
to SECOND +. The Start-to-Stop intensified zone
should now be on the rising portion of the second
cycle between the 10% and 909, points on the wave-
form.

Set both START and STOP block SLOPE switches to
SECOND —. Set TIMING START to A TRACE 90%
and TIMING STOP to A TRACE 109,. The Start-to-Stop
intensified zone should be on the falling portion of

25.

a.

26.
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the second cycle between the 10% and 90% points
on the waveform.

Set both START and STOP block SLOPE switches to
FIRST —. The Start-to-Stop intensified zone should
now be on the falling portion of the first cycle between
the 10% and 90% points on the waveform.

Readout Counting.

Turn the instrument off and remove the = 1, 2, 5
board. Insert a 20-pin extender board in its place;
do not reconnect the = 1, 2, 5 board. Connect the
square-wave generator (set to 20 volts peak-to-peak)
through a dlip lead to pin 6 of the extender board.
Turn the instrument on.

Set the generator to its lowest frequency and see that
the units indicator tube counts from 0 through 9. In-
crease the generator frequency and check each suc-
cessive indicator tube for a correct count of 0 through
9. At the same time check that when an indicator
tube count reaches 9, the next count transfers to the
next tube on the left,

Do not remove the extender board and square-wave
generator (they are used in the next step).

Counter Staircase Output.

Use same connections as step 25.

Remove the Upper Limit No-Go circuit board and re-
connect it through an extender board.

Connect the probe from the test oscilloscope to pin 10
of the Upper Limit No-Go board.

. Set the generator frequency to approximately 2 kc and

adjust the test oscilloscope for a staircase waveform as
shown in Fig. 6-3.

Measure the voltage between steps as follows: Turn
the test oscilloscope to free-run and increase the sweep
rate until 10 horizontal lines are displayed. Use the
VOLTS/DIV. and graticule lines to check the voltage
between each line.

Move the oscilloscope probe successively to pins 7, 11,
and 12. Check the staircase output voltage at each of
these pins. Increase the generator frequency where
necessary to give the proper display on the test oscillo-
scope.

~ 19.1 VOLTS
~ 17.4 VOLTS
~ 15.7 VOLTS
~ 14.0 VOLTS
12.3 VOLTS
~ 10.6 VOLTS
8.9 VOLTS
~ 7.2 VOLTS
1 ~ 5.5 VOLTS

0 ~ 3.8 VOLTS

{

N Wb WUoN®O
{

Fig. 6-3. Staircase voltages at pins 10, 7, 11 and 2 of the Upper
Limit No-Go board.
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g.

27A.

units

a.

278B.
units

28A.

Remove the extender board and replace the = 1, 2,
5 board.

Check of = 1, 2, 5 Circvit (sampling plug-in
only).

Set the MODE switch to TIME. Set both TIMING
START and STOP switches to MANUAL, and the RESO-
LUTION switch to ONE SWEEP LO.

Free-run a trace {no input signal needed) on the crt
and adjust the TIMING START and STOP MANUAL
controls for an 8-division Start-to-Stop intensified zone.

Set the TIME/DIV. switch on the time-base unit to
1 psec; the readout should show 08.00 ;.S.

Set the TIME/DIV. switch to .5 usec; the readout should
show 04.00 ,(LS.

Set the TIME/DIV. switch to .2 psec; the readout should
show 01.60 uS.

Check of =
only),

1, 2, 5 Circuit (real-time plug-in

Connect a jumper from the 5-volt jack of the Type 567
SQUARE-WAVE CALIBRATOR to the channel A input
connector of the vertical amplifier.

Set the VOLTS/DIV. switch of the vertical amplifier to
5 volts.

. Set the Type 6R1 MODE switch to A VOLTAGE. The

readout should show 05.00 V.

. Set the VOLTS/DIV. switch on the vertical amplifier to

2 volts. The readout should still show 05.00 V. Finally
set the VOLTS/DIV. switch to 1 volt; the readout
should still show 05.00 V.

Time Readout Check (real-time plug-in units

only).

a.

6-6

Use the same connections as described in step 27B.
Adjust the time base unit to display two pulses on the
crt.

Set the Type 6R1 MODE switch to TIME.

Set the TIMING START and STOP switches to A TRACE
109%, START block SLOPE switches to FIRST +, and
STOP block SLOPE switches to SECOND +.

. The readout should show 16.66 MS.

Set the TIMING START and STOP switches to A TRACE
20%; the readout should remain the same. Make
this same check for all numbered percentages on the
A TRACE % side of the TIMING START and STOP
switches.

Connect the signal to channel B and repeat steps ¢
through e substituting B TRACE 9% for A TRACE %.
The readout should remain at 16.66 MS.

28B. Time Readout

Check (sampling plug-in units

only).

a.

29.

Connect a sine-wave generator of known frequency
{between 10 and 50 megacycles with an accuracy of
0.5%) to the channel A input connector of the vertical
amplifier. Adjust the time base unit to display two
cycles.

Calculate the period of one cycle by taking the recipro-
cal of the frequency. For example, the period of one
cycle at 50 megacycles is 1/50 mc == 20 nsec.

Set the TIMING START and STOP switches to A TRACE
10%, START block SLOPE switches to FIRST +, STOP
block SLOPE switches to SECOND +, and MODE
switch to TIME.

The time shown on the readout should be the period
of one cycle.

Check each percentage position of the TIMING START
and STOP switches by setting both switches to the
same percentage. The period should remain the same.

Connect the generator to channel B and repeat steps
¢ through e substituting B TRACE % for A TRACE 9%.
The period should remain the same.

UPPER and LOWER LIMIT SET Dials Check.

Set the MODE switch to TIME. Set both TIMING START
and STOP switches to MANUAL, and the RESOLUTION
switch to AVERAGE OF TEN SWEEPS HI.

Free-run a trace on crt (either channel) and adjust
TIMING START and STOP MANUAL switches for a
four-digit count (any count). Stop the sweep; the count
will remain. Do this several times until the readout
shows a count with no zeros or nines, such as 3258.

. Set both UPPER and LOWER LIMIT SET dials to the

count left in step b. The MID-ZONE lamp (green)
should turn on.

. Turn the UPPER LIMIT SET units dials one number count-

erclockwise (lower); the UPPER LIMIT lamp (red) should
turn on. Return the dial to the original number. Turn
the tens dial one number counterclockwise; the UPPER
LIMIT lamp should turn on. Continue this procedure
with the UPPER LIMIT SET hundreds and thousands
dials. When this check is finished, return the dials to
the original number.

Turn the LOWER LIMIT SET units dial one number clock-
wise (higher); the LOWER UMIT SET lamp (yellow)
should turn on. Continue this procedure with the LOW-
ER LIMIT SET tens, hundreds, and thousands dials.

If the correct lamp does not turn on during this check,
refer to the troubleshooting section of this manual.



SECTION 7
EXTERNAL PROGRAMMING

Introduction

This section of the manual describes the circuits and con-
nections used for external programming and readout. A
simplified illustration of a complete system is also included.
Since each user may have different applications for the
Type 6R1, this section should serve only as a system design
guide.

External programming and readout is divided as follows:

1. Externally controlling the Type 6R1 circuits to make a
measurement or series of measurements (measurement pro-
gram).

2. Recording the test results with external equipment when
the instrument has completed a measurement program (ex-
ternal readout).

Many combinations of measurement program and external
readout can be used. For example, the controls on the instru-
ment can be set by hand and the test results automatically
recorded on a typewriter. Or, the measurement program
can be set by an automatic programmer and the test
results recorded by hand.

A completely automatic system can be built that will make
a series of tests, record the results of each test, reject any
component that fails to meet preset limits (go-no-go}, and
signal the end of the test.
Measurement Program
External programming can:
1. Set the mode of measurement for either time or voltage.
2. Start and stop a time measurement.
a. On first or second slope.
b. On a (4] or (—) slope.
c. On A trace or B trace.
d. On either trace at any percentage.
e. Start or stop at some preselected voltage level.

3. Measure the voltage between 0% and 1009 on either
trace.

4. Override the A and B 100% zone settings.
5. Control the display time.

6. Provide voltages for go-no-go comparisons (counter
staircase voltages).

When the Type 6R1 MODE switch is set to EXT. PRO-
GRAM, several circuit connections within the instrument are
broken, and the inputs and outputs of these circuits are con-
nected to J34 on the rear of the instrument chassis. The cir-
cuits affected are the TIMING START and TIMING STOP
switches, both (+) and (—) SLOPE switches, both FIRST and
SECOND SLOPE switches, and both precision dials. These
switches and controls must be supplied externally if they
are needed for a planned program.

®

— RETURN ———(1)

TIME CLOCK
V.M. 0OSC.
RETURN

|

HORIZ. - 1,2, 5

A VERT. = 1,2, 5

B VERT. =~ 1,2, 5

LEsbibaldd

-L—RETURN
HORIZ.
DEC. & UNITS
A VERT.
DEC. & UNITS
@
B VERT.
DEC. & UNITS O—
st 2nd
0% MEMORY @ @ — SLOPE
A CHANNEL \[
START
100% MEMORY I (@) 1 COMPARATOR
SIGNAL T ™ @ T +
0% MEMORY ONG: -
B CHANNEL T
sTOP
100% MEMORY (& COMPARATOR
SIGNAL +_SLOPE
1st 2nd
VOLTMETER O
RAMP I @ @

Fig. 7-1. Circuits used to interconnect an external program.
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+125v
6CW4 OR
7586 @
- y

° ®

27 k
—100V
+300V +300V
INDICATOR
TUBE
470 k
™
2 ©
150 k
‘>
+125V
6CW4 OR
7586

SO,

39k
—100V

+125V

200 k

62 k

l'H,_-,
OOOOEOGGEOG

+125V
2.7k
5k
©
2.7k
+125v

Fig. 7-2. The circled letters correspond to the pins of J34; the schematics show the circuits connected to these pins within the Type 6R1.

Fig. 7-1 shows the circuits that are used to interconnect an
external program. This illustration may be reproduced and
used as a work sheet to sketch in proprosed programs. Fig.
7-2 shows the general type of circuits that are connected to
the pins of J34.

NOTE
Since pins t and N both connect to ground with-
in the instrument, only one need be used. How-
ever, pin L must be used as a return for the deci-

7-2

mal and units pin and should not be combined
with the other returns. Otherwise the instrument
will not work correctly when the Type 6R1 MODE
switch is turned to TIME or VOLTAGE.

Typical Program Plan

For example, consider a transistor program in which you
wish to measure:



0%
MEMORY O
10k = 1%
10%
80k = 1%
90 %
-O
10kt 1%
100 %
MEMORY O

Fig. 7-3. Detail of TIMING START and STOP resistors.

. Risetime.

. Falltime.
Storage.
Delay.

. Saturation.

N N

External Programming — Type 6R1

The first requirement of an external programmer is the
start and stop timing controls. Since these measurements re-
quire only the 0%, 10%, 90%, and 100% levels, and the
signal output of each channel, the resistive divider shown in
Fig. 7-3 is adequate for this purpose. The resistors should
be at least 19 tolerance.

Next, coaxial leads should be connected from the proper
pins of J34 to the timing resistors. Since the example pro-
gram has a voltage measurement, the Voltmeter Ramp and
clock control points must also be brought out.

The input leads (coaxial} to the Start and Stop Compara-
tors and the slope-control leads of each comparator are
also brought out from J34.

Since all of the measurements can be made on the FIRST
SLOPE, pins ¢ and e can be grounded and the SECOND
SLOPE leads not used.

Because each measurement is a different set of connections
between similar points, a mechanical switch can be used. A
driven-type multiple-contact switch, such as a stepper,
should suffice (relays can also be used).

+ 300V

k
82 INDICATOR TUBE

p;

)

)

)

-
(6665668866 H) N\

DRIVER TRANSISTORS 133
ON COUNTER BOARDS

Fig. 7-4. Connection from indicator tube to external program jack.
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DECIMAL NEONS

Fig. 7-5. Simplified decimals and unit of measure external outputs.
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The switch can be advanced through each measurement
by push-button control, or by using the Print Command
voltage present at pin GG of J33 at the completion of a
measurement.

With this type of external program, the operator plugs
the test transistor into a fixture, starts the programmer, and
records the values shown on the readout as the programmer
passes through its cycle.

This is one method of external programming. Many varia-
tions of this system are possible. Plug-in program cards,
punched tape, punched cards, and push-button switches are
just a few of the possible methods.

Go-No-Go Programming

Because the acceptable limits of each measurement may
be different, separate no-go comparisons are needed.

One method is to remove the Upper and Lower Limit
circuit boards from the instrument and reinstall them in an
external fixture. This fixture should supply the limit voltages
in the same manner as the limit dials in the instrument.
Thus, a second rotary switch can supply the correct limit
voltages for each measurement in the program. The stair-
case voltages that represent the number shown on the read-
out are available at pins |, g, p, and Y of J34.

The operator can be alerted to an out-of-limit measure-
ment by limit lamps, bells, buzzers, or rejection relays. If a
typewriter readout is used, the ribbon can be made to
change automatically from black to red when the limit is
exceeded.

External Readout: Information From Connector
J33

There are four 10-line outputs from the cathodes of each
number indicator tube in the readout. Of the 10 cathodes

w

L IS
N

p

J

UPPER-LIMIT
—122V L. Lamep

w

Ld £
i\l
)

MID-ZONE

—122V LAMP

LOWER-LIMIT
LAMP PART
- OF J33

-Q
(e

—12.2vV

Fig. 7-6. External connections to Limit Lamps.
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from an indicator tube, one will be at about +0.5 volt
(turned-on cathode), while all others will range from about
440 to +140 volts. The turned-on indicator tube driver
transistor {on Counter board} will supply about 1.5ma for
external circuits. See Fig. 7-4.

Decimal location data is contained on five lines. Output
of the "On" decimal line will be about +0.5 volt, while
others are +50 volts through 1.5 meg. See Fig. 7-5.

Outputs of the "On" units of measure (M, N, or p, and V
or S} are at about +0.5 volt, while others are 4150 volts.

No-go outputs (limit lamps} are shown in Fig. 7-6. 50 ma
is available for external circuit operation. This can be in-
creased to 200 ma by removing the Type 6R1 front-panel
limit lamps.

A and B 100% Zone Override

Pins R and J of J34 are used for 100% zone override.
Two 100k variable resistors should be connected between
these points and ground. The A and B 1009% ZONE SET
controls on the Type 6R1 front panel should be turned fully
clockwise. The two external variable resistors can be mount-
ed on the external program fixture and used to control the
A and B 100, ZONE positions.

A +20-volt print-command voltage is available at pin
GG. The duration of this voltage is the same as the display
time period. Whenever pin HH is grounded, the voltage at
pin GG is +20 volts. Avoid loading this print-command
voltage. An NPN emitter-follower, with its base resistor re-
turned to some positive voltage, is suggested.

The display time waveform is present at pin HH. Ground-
ing this point holds the Type 6R1 display and prevents it
from making another measurement. When the ground is re-
moved, the instrument waits through the display time set by
the front-panel DISPLAY TIME control before making the
next measurement.

Digital Recording

The number, decima! point, and unit of measure informa-
tion shown on the Type 6R1 readout is present at J33 at the
completion of a measurement. (The designer of a readout
system can use either parallel or serial entry data recorders.)

Parallel Digital Recording

Several commercially available printers are suitable for
this purpose. Usually they consist of number wheels that are
positioned to the correct number by data from the device
to be read.

One type of printer uses the four 10-line output from
the indicator tubes. When the print command from the Type
6R1 is received, a clutch engages and turns number wheels.
The number wheels turn until their individual armatures
contact a negative voltage. The clutch disengages and the
wheel stops at the correct number position. A print is made
and the paper advances to display the count.

Some printers are designed to accept BCD code. With
this type of instrument, a decimal-to-binary converter must
be used between the output of the Type éR1 and the
printer.
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+100V
100 k
- 412V GATED
FROM
J33
+12v
4+—O0—»
TYPEWRITER
SOLENOID

Fig. 7-7. Gated circuit used to convert data from Type 6R1 to an
electric typewriter.

Serial-Entry Recording

Some examples of serial recording devices are: typewriter,
tape punch, some adding machines, card punch, and mag-
netic tape.

The description that follows is for an electric typewriter;
however, the general principles apply to all serial recording
devices.

The readout data from the Type 6R1 is in parallel form.
Because of this, a parallel-to-serial conversion is necessary.
This can take several forms.

A multiple-contact stepper switch can connect the outputs
of the indicator tubes to buffer transistors that drive the
typewriter solenoids. Contacts on the switch can also be
used to record decimal point and unit of measure data.

A variation of this method is a gating sequence. Fig.
7-7 shows a circuit that can be used to operate the solenoids
of the electric typewriter. One of these circuits is needed for
each bit of information from J33 of the Type 6R1. For ex-
ample, there are five possible decimal point positions, thus
one circuit is needed for each of these. The four 10-line out-
puts that represent the number on the readout require 40
circuits; however, only 10 relays are needed—one for each
digit (zero through nine). The remaining circuits are needed
for unit of measure information.

| +12 STEPPER SWITCH SEQUENCER |
| O o 0o 0o 9 9 ,
T0
CONTROL
CIRCUITS
DEC DEC. DEC DEC DEC NI?l S
'y
# v
1000's 100's 10's 1's
10 LINES 10 LINES 10 LINES 10 LINES M
. 4
[}  \ |
1 [
5 LINES OF 40 LINES OF 10 LINES TO 5 LINES UNIT 5 LINES TO
DECIMAL DATA NUMBER DATA RELAYS AND OF MEASURE RELAYS AND
FROM 133 FROM 133 SOLENOIDS DATA FROM 133 SOLENOIDS
3
1 LINE TO
DECIMAL TO TYPEWRITER
RELAY AND RELAYS AND
SOLENOID SOLENOIDS
FROM 133

Fig. 7-8. A parallel to serial converter used to drive an electric typewriter.
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The sequencer that gates the +12 volts to each line can be
a commercial stepper switch. The step rate of the switch
must be slow enough to allow the typewriter to strike and
return. Fig. 7-8 is a simplified block diagram that shows
the connections to such a switch.

The first position of the sequencer supplies +12 volts
(enables) to a decimal point amplifier. If this is the correct
position of the decimal point, the amplifier will turn on,
and the typewriter will type a decimal. If this is not the cor-
rect point for the decimal, no action takes place. The
sequencer moves to position 2. In this position, amplifiers
are enabled by the 412 volts. These 10 amplifiers are con-
nected to the 10-line output of the "thousands” counter in
the Type 6R1. Of these 10 lines, one will be at +0.5 volt,
while the others range from +40 to +140 volts. Only the
amplifier connected to the +40.5-volt line will turn on. As-
sume this line is the number 5. The amplifier {no. 5) turns
on, energizes the relay and solenoid, and the typewriter
types a 5. Thus, the sequencer enables each group of ampli-
fiers in serial order.

Notice that only one relay is needed for the decimal
point. Also one relay is needed for each digit; zero
through nine.

The 12th position of the sequencer can be used to step
the programmer to the next program, work the typewriter
tab, and release the ground on the DISPLAY TIME hold
(pin HH).

The typewriter would show the results of the five tests
tike this:

PROGRAM CODE LETTER

External Programming — Type 6R1

52.02NS 84.15NS 95.82NS 88.65NS 325.6MV

Only the name of each test is absent. One possible way
to include this vital information is to use the programmer
to title each test. For example, when the programmer shifts
to the first program, a switch contact on the programmer
can energize the capital R solenoid of the typewriter. This
shows a risetime measurement. In the same way, each pro-
gram would cause a code letter to be typed that would
identify the measurement, like this:

R52.02NS F84.15NS S$95.82NS D88.65NS V325.6MV.

Since the letter S occurs twice in this program (storage,
saturation), the letter V can be used for the saturation meas-
urement.

Complete System

The combination of the programmer and readout as an
automatic system is shown in block diagram form in Fig. 7-9.

The operator plugs in a transistor and pushes the start
button; the system does the rest.

Fig. 7-10 shows the sequence of operation during the
five measurements. The display time (set by the front-panel
control) should be long enough to allow the programmer to
shift and the typewriter to tab.

Y
PROGRAMMER F. 6R1 > READOUT . TYPEWRITER
\ ! t +
PRINT COMMAND
DISPLAY TIME o GATE TAB
> SEQUENCER >
ADVANCE PROGRAMMER
)\
CARRIAGE A
TURN TO FIRST PROGRAM B START RETURN
i BUTTON

Fig. 7-9. Complete auvtomatic programmer and readout.
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Go-No-Go Limits

The complexity of an external no-go circuit depends on
the degree of comparison needed. For example, in the test
program outlined previously, the risetime was 52.02NS. If
the acceptable limit was anything under é0NS, then only the
“thousands” digit need be compared.

One comparator circuit like those in the Upper Limit
No-Go board would do. The “thousands’ staircase voltage
from pin Y of J34 is connected to one input of the comparator
while a voltage that represents the upper limit is connected
to the other.

The voltage that is used to compare with the staircase

will usually be different for each measurement. Because of
this, contacts on the programmer should be used to supply

PUSH START BUTTON

this voltage. For example, the first program upper limit is
60NS, the second program 920NS, efc.

Since the test results are recorded by a typewriter, the
red ribbon on the machine can be used to show an out of
tolerance reading. The comparator is arranged to turn on a
transistor whenever the staircase voltage exceeds the refer-
ence voltage. The turned-on transistor energizes a relay
that, in turn, supplies voltage to the red ribbon solenoid
of the typewriter. The print command voltage from the Type
6R1 can be used to enable the comparator.

If it is necessary to use greater resolution in the no-go
comparison, the Upper and Lower Limit circuit boards can
be removed from the instrument and installed in an external
fixture.

PROGRAM 1
CARRIAGE SHIFT TEST READ * TAB
TYPE CODE LETTER
PROGRAM 2
TEST READ * TAB
TYPE CODE LETTER
PROGRAM 3
TEST READ * TAB
TYPE CODE LETTER
PROGRAM 4
TEST READ * TAB
TYPE CODE LETTER
PROGRAM 5
TEST READ * TAB

TYPE CODE LETTER

SHUT OFF
SYSTEM

* REMOVE PIN HH (DISPLAY TIME)
FROM GROUND.

Fig. 7-10. Sequence of operation during automatic program and readout.
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SECTION 8
GLOSSARY

A method of dual-trace where a
channel-A signal is displayed on the
first sweep, a channel-B signal on
the second sweep, channel A again
on the third sweep, etc.

A crt display.

A circuit with two or more inputs
and common output that produces
an output signal only when all in-
puts are the same {positive or nega-
tive depending on the circuit ar-
rangement).

A bistable multivibrator used in
counting and dividing. A single
binary set divides by 2.

A circuit where several pulses are
required to charge a capacitor
which switches a tunnel diode.
Then, the same number of pulses of
opposite polarity are needed to dis-
charge the capacitor. The capacitor
can be considered a "bucket” where
the positive pulses are “ladled” in
ond the negative pulses “ladled”
out.

A method of dual-trace where the
signals from two separate channels
applied to the crt are switched at
a high rate (100 ke, 250 ke, etc.).

The etched boards with mounted
components that plug into the Type
6R1 chassis.

The time pulses used to drive the
counter circuits. In voltage meas-
urements, clock pulses are obtained
from a crystal oscillator on the
voltmeter board. In time measure-
ments, they are obtained from the
horizontal plug-in unit.

The cathode-ray tube in the indica-
tor unit.

An amplifier that measures the dif-
ference between two voltages. The
ability to resolve this difference is
set by the common-mode rejection
ratio of the amplifier.

Quantities presented in regular ra-
tional numbers, such as 6.23 volts,
832.0 milliseconds, etc.

Four diodes arranged in a bridge
network and quiescently back-
biased. A positive and negative

DISPLAY TIME
=10
-~ 1,25

DOUBLE-EMITTER
FOLLOWER

DUAL-TRACE

EXTERNAL PROGRAM

FIRST SLOPE

FLOATING POWER
SUPPLIES

GO-NO-GO

INTENSIFIED ZONES

LOWER LIMIT

pulse across the bridge forward-
biases the diodes and allows a
sample to pass through.

The time that the readout remains
steady between counts. The DIS-
PLAY TIME control (front panel)
varies this time from 0.1 second to
6 seconds.

A circuit consisting of 4 binary sets
that extends the time between start
and stop to allow 10 cumulative
counts on the readout.

A circuit that uses several binary
sets to divide the count and show
a correct readout as either the
VOLTS/DIV. or TIME/DIV. switch
is changed.

A two-transistor circuit (PNP and
NPN} with good switching charac-
teristics when used with a capaci-
tive load.

A method where two signals from
two separate channels are dis-
played on the crt at the same time.

A feature of the Type 6R1 where the
instrument can be controlled by
external equipment or use external
readouts. Or, both control and read-
out can be done externally. Two
connectors on the rear of the chassis
provide inputs and outputs for this
purpose.

The first rise [+slope) or fall (—
slope) of a waveform to the right of
the 0% intensified zone.

A Zener diode and two transistors
between the +125-volt and —100-
volt supplies make up this supply. It
is used across precision potentio-
meters to establish calibrated start
and stop voltages.

A clear-cut line of accept or reject.
Refers to limits. Between limits, the
item under test is “"go’. Outside
the limits it is “no-go’".

Brightened portions of the crt dis-
play.

The number set on the LOWER
LIMIT SET dials. When this number
exceeds the number on the readout,

the LOWER LIMIT lamp (yellowl
lights.
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MASTER GATE

MEMORY

MID-ZONE

MODE

ONE SWEEP

OR GATE

PERCENTAGE OF A
PULSE

PLUG-IN

PROGRAM

READOUT

RESET PULSE

RESOLUTION

SAMPLING SYSTEM

An arrangement of 4 transistors
where 3 must be turned off to allow
the 4th to pass a signal. Also called
an “And” gate.

A circuit that receives a voltage
sample and holds the voltage level
until the arrival of the next sample.
A typical circuit is a sampling diode
gate follower by a cathode follower
with a large capacitor (1.0 ufd) in
its grid circuit,

Any number between and including
the numbers set on the UPPER and
LOWER LIMIT SET dials.

The type of operation taking place.
For example, voltage mode or time
mode.

The total count between the start
and stop points during one sweep
of the display.

A circuit with two or more inputs
and a common output. Produces
an output when any one of the in-
puts Is activated.

If the start of a pulse is termed
0% and the peak amplitude rep-
resents 100%, the in-between points
represent percentages of the pulse.
For example, risetime is the time
required for a pulse to rise from
10% to 90% of its maximum ampli-
tude.

Any type unit designed to plug into
or be withdrawn from an indicator
unit or other housing. For example,
the Type 6R1 is a plug-in designed
to plug into the Tektronix Type 567
Readout Oscilloscope.

Refers to the setting of the controls
on the instrument. For example,
one setting or program will meas-
ure risetime and another falltime.

The five indicator tubes mounted
across the top of the Type éR1 front
panel.

A pulse used to set the counters
and divider circuits to the proper
condition for the start of a measure-
ment (for example, returning all
numbers to zero).

The number of significant figures
in the readout. HI resolution is the
total of ten cumulative counts with
the decimal point moved one place
to the left.

A method that takes amplitude
samples from a repetitive input sig-

START COMPARATOR

STAIRCASE VOLTAGE

STOP COMPARTOR

SECOND SLOPE

START BLOCK

STOP BLOCK

UNSCALED (MAX)

UPPER LIMIT

VOLTMETER RAMP

0% ZONE

1009 ZONE

nal with each sample at a pro-
gressively later time, then recon-
structs these samples into a replica
of the original waveform at a much
lower frequency.

A circuit with two inputs. A ref-
erence level is applied to one and
a varying signal to the other. Each
time the signal equals the reference,
the comparator delivers a pulse.
Used to start the counter.

A voltage from each counter circuit
that represents the number stored
in the counter.

A circuit with two inputs. A ref-
erence level is applied to one and
a varying signal to the other. Each
time the signal equals the reference,
the comparator delivers a pulse.
Used to stop the counter.

The second rise (4slope) or fall
(—slope} of a waveform to the right
of the 0% intensified zone.

A group of controls that set the
point on the display where a meas-
urement starts.

A group of controls that set the
point on the display where a meas-
urement stops.

The total count between the start
and stop zones. Not divided by
the = 1, 2, 5 board. Remains the
same as the VOLTS/DIV. and
TIME/DIV. switches are changed.
Decimal-point and unit-of-measure
indicator tubes are turned off.

The number set on the UPPER LIMIT
SET dials. When this number is ex-
ceeded by the number on the read-
out, the UPPER LIMIT lamp (red)
turns on.

A linear, precise sawtooth wave-
form used in voltage measurements.

A point of measurement on a wave-
form; usually the lowest amplitude.
Established by the sweep voltage
and shown as an intensified zone
at the extreme left side of the dis-

play.

A point of measurement on a wave-
form; usually set to the highest am-
plitude of the waveform. Shows as
an intensified zone that can be
moved across the display by the
100% ZONE SET control.
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SECTION 9

PARTS LIST AND SCHEMATICS

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix Field Office.

Changes to Tektronix instruments are sometimes made to accommodate improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following information in your order: Part number including
any suffix, instrument type, serial number, and modification number if applicable.

If a part you have ordered has been replaced with a new or improved part, your
local Tekironix Field Office will contact you concerning any change in part number.

ABBREVIATIONS AND SYMBOLS

a or amp
BHS

cer
cm
comp
cps
crt
CSK
dia
div
EMC
EMT
ext

F &I
FHS

Fil HS
gor G
Ge
GMV

hex
HHS
HSS
HY

ID
incd
int

k or K
ke

Use

*000-000

000-000

amperes

binding head steel
carbon

ceramic

centimeter
composition

cycles per second
cathode-ray tube
counter sunk
diameter

division

electrolytic, metal cased
electroyltic, metal tubular
external

farad

focus and intensity
flat head steel
fillister head steel
giga, or 10°
germanium
guaranteed minimum value
henry

hexagonal

hex head steel

hex socket steel
high voltage

inside diameter
incandescent
internal

kilohms or kilo (10%
kilocycle

milli, or 1073
megacycle

mm
meg or M
met.

I

n

Q

OD

OHS

p

PHS

piv

plstc

PMC

poly

Prec

PTM
RHS
rms
sec

Si

S/N
tor T

THS
tub.
vorV
Var

w/
w/o

WW

SPECIAL NOTES AND SYMBOLS

X000 Part first added at this serial number.

000X Part removed after this serial number.

0 Internal screwdriver adjustment.

— 1

Front-panel adjustment or connector.

Part number indicated is direct replacement.

millimeter
megohms or mega {109
metal

micro, or 10°¢
nano, or 1077

ohm

outside diameter
oval head steel
pico, or 107"

pan head steel
peak inverse voltage
plastic

paper, metal cased
polystyrene
precision

paper tubular
paper or plastic, tubular, molded
round head steel
root mean square
second

silicon

serial number

tera, or 10"

toroid

truss head steel
tubular

volt

variable

watt

with

without
wire-wound

Asterisk preceding Tektronix Part Number indicates manufactured by or for Tektronix,
or reworked or checked components.
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Parts List—Type 6R1

MAIN GROUP
REF. | PART SERIAL NO. ?
NO.| NO. [Tgr. [pisc. |v. DESCRIPTION
1 366-165 1 KNOB, LOWER LIMIT SET, charcoal small {left)
Includes:
213-004 1 SCREV, set, 6-32 x 3/, inch HSS
2 | 366-168 1 KNOB, LOWER LIMIT SET, charcoal large (left)
Includes:
213-004 1 SCREW, set, 6-32 x 3, inch HSS
3 | 366-166 1 KNOB, LOWER LIMIT SET, charcoal small (right)
Includes:
213-004 1 SCREW, set, 6-32 x 3/,¢ inch HSS
4 | 366-169 1 KNOB, LOWER LIMIT SET, charcoal large {right)
Includes:
213-004 1 SCREW, set, 6-32 x 3/, inch HSS
5 | 366-160 1 KNOB, TIMING START, charcoal
Includes:
213-004 1 SCREW, set, 6-32 x 3/, inch HSS
6 366-031 1 KNOB, MANUAL START, red
Includes:
213-004 1 SCREW, set, 6-32 x 3/,¢ inch HSS
7 | 366-172 1 KNOB, MODE, charceal
Includes:
213-004 1 SCREW, set, 6-32 x 3/ inch HSS
8 | 366-173 1 KNOB, RESOLUTION, charcoal
Includes:
213-004 1 SCREW, set, 6-32 x 3/, inch HSS
9 | 331-085 1 DIAL, with brake and charcoal knob, START VOLTAGE
10 | 366-148 1 KNOB, CRT DISPLAY “A", charcoal
Includes:
213-004 1 SCREW, set, 6-32 x 34 inch HSS
11 366-148 1 KNOB, CRT DISPLAY “B", charcoal
Includes:
213-004 1 SCREV, set, 6-32 x 3/;4 inch HSS
12 | 366-153 1 KNOB, DISPLAY TIME, charcoal
Includes:
213-004 1 SCREW, set, 6-32 x 3/, inch HSS
13 366-160 1 KNOB, TIMING STOP, charcoal
Includes:
213-004 1 SCREV, set, 6-32 x 3/;4 inch HSS
14 | 366-031 1 KNOB, MANUAL STOP, red
Includes:
213-004 1 SCREW, set, 6-32 x 3/, inch HSS
15 | 366-168 1 KNOB, UPPER LIMIT SET, charcoal large (left)
Includes:
213-004 1 SCREW, set, 6-32 x 3/, inch HSS
16 | 366-165 1 KNOB, UPPER LIMIT SET, charcoal small {left}
Includes:
213-004 1 SCREW, set, 6-32 x 3/, inch HSS
17 366-169 1 KNOB, UPPER LIMIT SET, charcoal large (right)
Includes:
213-004 1 SCREW, set, 6-32 x 3%, inch HSS
18 | 366-166 1 KNOB, UPPER LIMIT SET, charcoa! small {right)
Includes:
213-004 1 SCREW, set, 6-32 x 3/, inch HSS
19 331-085 1 DIAL, with brake and charcoal knob, STOP VOLTAGE
20 | 200-374 2 COVER, dial
Mounting Hardware For Each: (not included)
211-538 2 SCREW, 6-32 x %/;4 inch FHS 100° CSK phillips
21 Pg 9-12 Switch Mounting Hardware
22 | 136-026 3 SOCKET, light
23 | 378-530 1 FILTER, light pilot yellow
24 | 378-531 1 FILTER, light pilot green
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Parts List—Type 6R1

MAIN GROUP (Cont'd|

REF. | PART SERIAL NO. |©@
NO.| No. EFF. |DISC. v DESCRIPTION
25 | 378-529 1 FILTER, light pilot red
26 | 354-164 3 RING, pilot light
27 | 337-485 1 SHIELD, hood
378-532 1 FILTER, polarized, light
Mounting Hardware: (not included)
211014 3 SCREW, 4-40 x '/, inch BHS
28 | 333-697 1 PANEL, front
29 | 387-608 1 PLATE, subpanel
30 | 136122 9 SOCKET, 20 pin
Mounting Hardware For Each: {not included)
213-044 2 SCREW, thread cutting, 5-32 x 3,4 inch Pan HS phillips
31 136-123 8 SOCKET, 15 pin
Mounting Hardware For Each: {not included)
213-044 2 SCREW, thread cutting, 5-32 x 3,4 inch Pan HS phillips
32 | 387-610 1 PLATE, left
Mounting Hardware: (not included)
33 | 211.538 2 SCREW, 6-32 x 54 inch FHS 100° CSK phillips
34 | 211-507 3 SCREW, 6-32 x 5/, inch BHS
35 | 387-609 1 PLATE, right
Includes:
214-205 34 RECEPTACLE, for turn fastener
Mounting Hardware: {not included)
211-538 2 SCREW, 6-32 x 5/, inch FHS 100° CSK phillips
211.507 3 SCREW, 6-32 x 5/ inch BHS
36 | 384-566 2 ROD, frame spacing
Mounting Hardware For Each: (not included)
212-043 2 SCREW, 8-32 x '/, inch FHS 100° CSK phillips
212-044 2 SCREW, 8-32 x Y/, inch RHS phillips
37 | 131-149 2 CONNECTOR, chassis mount
Mounting Hardware For Each: {not included)
210-004 2 LOCKWASHER, int. #4
210-201 2 LUG, solder
210-406 2 NUT, hex, 4-40 x 3/, inch
211011 2 SCREW, 4-40 x 5/, inch BHS
38 | 387-607 1 PLATE, rear
39 | 131212 1 CONNECTOR, 41 pin (included with 179-622)
Mounting Hardware: {not included)
166-107 4 TUBE, spacing
210-004 2 LOCKWASHER, int. #4
210-201 2 LUG, solder
210-406 4 NUT, hex, 4-40 x 3/, inch
211-016 4 SCREW, 4-40 x /3 inch BHS
40 { 131-213 1 CONNECTOR, 55 pin (included with 179-621)
Mounting Hardware: {not included)
166-107 4 TUBE, spacing
210-004 4 LOCKWASHER, int. #4
210-406 4 NUT, hex, 4-40 x 3/, inch
211-016 4 SCREW, 4-40 x 5/; inch BHS
41 406-757 2 BRACKET, spacer switch
42 | 210-207 1 LUG, solder
Mounting Hardware: (not included)
210-406 1 NUT, hex, 6-32 x ', inch
211-538 5 SCREW, 6-32 x 5/14 inch FHS 100° CSK phillips
43 | 352-038 5 HOLDER, single, neon
Mounting Hardware For Each: {not included)
210-004 1 LOCKWASHER, int. #4
210-406 1 NUT, hex, 4-40 x 3/, inch
211-086 1 SCREW, 4-40 x 3/, inch FHS 100° CSK phillips
44 | 348-003 1 GROMMET, rubber 54 inch
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MAIN GROUP (Cont'd}

Parts List—Type 6R1

REF. | PART SERIAL NO. (9
NO.| NoO. EFF. |DISC. ; DESCRIPTION
45 | 136-120 5 SOCKET, 13 pin
Mounting Hardware For Each: (not included)
213-044 2 SCREW, thread cutting 5-32 x %/ inch PHS phillips
46 | 406-761 ] BRACKET, alum.
Mounting Hardware: (not included)
210-006 4 LOCKWAGSHER, int. #6
210-407 4 NUT, hex, 6-32 x 1/, inch
47 | 441-417 1 CHASSIS, No-Go
Mounting Hardware: (not included)
210-006 2 LOCKWASHER, int. #6
210-407 2 NUT, hex, 6-32 x '/, inch
48 | 124-146 2 STRIP, ceramic, 16 notches, 27/14 x 7/14 inch
Mounting Hardware For Each: (not included)
361-007 2 SPACER, nylon
49 124-145 2 STRIP, ceramic, 20 notches, 3 x /14 inch
Mounting Hardware For Each: (not included)
361-007 2 SPACER, nylon
50 | 179-606 1 CABLE, neon
51 179-610 1 CABLE, Stop-Start
52 | 179-622 1 CABLE, 41 pin connector
53 | 179-621 1 CABLE, 55 pin connector
54 1 179-605 1 CABLE, No-Go
&



Parts List—Type 6RI1

CIRCUIT BOARDS

COUNTER

l-_. :3

SIGHNAL COMPARATOR

VOLTMETER

UPPER LIMIT NO-GO
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CIRCUIT BOARDS

Parts List—Type 6&R1

AMALOG DISPLAY

0% ZOME
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Parts List—Type 6R1

CIRCUIT BOARDS

REF. | PART SERIAL NO. |9
NO.| NO. [Eee Tpisc. 1+ DESCRIPTION
1 670-004 4 BOARD, Counter [A/ (wired)
Each Includes:
2 406-782 1 BRACKET
Includes:
3 | 214-204 2 STUD
214-206 2 RETAINER
Mounting Hardware:
4 | 211-008 2 SCREW, 4-40 x Y, inch BHS
5 | 136-062 19 SOCKET, 4 pin
é | 670-007 { Modl 1{ Mod! 1] 1 BOARD, = 1, 2, 5 Circuit /B/ {wired)
670-022 | Modl 2 1 BOARD, + 1, 2, 5 Circuit /B/ (wired)
Includes:
7 | 406-783 1 BRACKET
Includes:
8 | 214-204 2 STUD
214-206 2 RETAINER
Mounting Hardware:
9 | 211-008 2 SCREW, 4-40 x '/, inch BHS
10 | 136-062 11 SOCKET, 4 pin
11 670-009 1 BOARD, Master Gate /C/ (wired)
Includes:
12 | 406-784 1 BRACKET
Includes:
13 | 214-204 2 STUD
214-206 2 RETAINER
Mounting Hardware:
14 | 211-008 2 SCREW, 4-40 x '/, inch BHS
15 | 136-125 1 SOCKET, 5 pin
387-603 1 PLATE, insulating
16 | 136-062 16 SOCKET, 4 pin
17 1 670-003 | Mod! 1| Modl 3| 2 BOARD, Signal Comparator /D/ (wired)
670-020 | Mod! 4 2 BOARD, Signal Comparator /D/ (wired)
Each Includes:
18 | 406-785 1 BRACKET
Includes:
131-252 | Mod! 3 1 CONNECTOR, orange
131-253 | Modl 3 1 CONNECTOR, yeliow
131-255 | Med! 3 1 CONNECTOR, blue
19 | 214-204 2 STUD
214-206 2 RETAINER
Mounting Hardware:
20 | 211-008 2 SCREW, 4-40 x Y/, inch BHS
21 136-062 Modl 1-2 12 SOCKET, 4 pin
136-062 | Med!l 3 13 SOCKET, 4 pin
22 1136125 3 SOCKET, 5 pin
387-603 3 PLATE, insulating
23 | 670-002 | Modl 1| Modl 1| 1 BOARD, Voltmeter [E/ (wired)
670-021 | Modi 2 1 BOARD, Voltmeter [E/ (wired)
Includes:
24 | 406-786 1 BRACKET
Includes:
25 | 214-204 2 STUD
214-206 2 RETAINER
Mounting Hardware:
26 {211-008 2 SCREW, 4-40 x '/, inch BHS
27 136-125 2 SOCKET, 5 pin
387-603 2 PLATE, insulating
28 | 136-062 13 SOCKET, 4 pin
9-8 @



CIRCUIT BOARDS (Cont'd)

Parts List—Type 6R1

REF. | PART SERIAL NO. |©
NO.| NO. g [pisC. |v. DESCRIPTION
29 | 670-011 1 BOARD, Upper Limit No-Go /F/ (wired)
Includes:
30 | 406-787 1 BRACKET
Includes:
31 214-204 2 STUD
214-206 2 RETAINER
Mounting Hardware:
32 211-008 2 SCREW, 4-40 x '/, inch BHS
33 | 136-062 17 SOCKET, 4 pin
34 | 670-010 1 BOARD, Lower Limit No-Go /G/ (wired)
Includes:
35 | 406-788 1 BRACKET
Includes:
36 | 214-204 2 STUD
214-206 2 RETAINER
Mounting Hardware:
37 | 211-008 2 SCREW, 4-40 x '/, inch BHS
38 | 136-062 17 SOCKET, 4 pin
39 | 670-008 1 BOARD, Limit Light Driver /H/ {wired)
Includes:
40 | 406-789 1 BRACKET
Includes:
41 214-204 2 STUD
214-206 2 RETAINER
Mounting Hardware:
42 | 211-008 2 SCREW, 4-40 x '/, inch BHS
43 1 ... .. Diode Mounting Hardware For Each:
166-031 2 TUBE, spacer
210-006 2 LOCKWASHER, int. #6
210-407 2 NUT, hex, 6-32 x '/, inch
211-513 2 SCREW, 6-32 x 5/g inch BHS
44 | 136-062 5 SOCKET, 4 pin
45 | 670-001 1 BOARD, =~ 10 /I (wired)
Includes:
46 | 406-790 1 BRACKET
Includes:
47 214-204 2 STUD
214-206 2 RETAINER
Mounting Hardware:
48 | 211-008 2 SCREW, 4-40 x 1/, inch BHS
49 | 136-062 9 SOCKET, 4 pin
50 670-005 1 BOARD, Analog Display /J/ (wired)
Includes:
51 406-791 1 BRACKET
Includes:
52 214-204 2 STUD
214-206 2 RETAINER
Mounting Hardware:
53 | 211-008 2 SCREW, 4-40 x '/, inch BHS
54 [ 136-062 10 SOCKET, 4 pin
55 | 670-012 1 BOARD, 0% Zone /K/ {wired)
Includes:
56 | 406-792 1 BRACKET
Includes:
57 | 214-204 2 STUD
214-206 2 RETAINER
Mounting Hardware:
58 211-008 2 SCREW, 4-40 x '/, inch BHS
59 | 136-062 11 SOCKET, 4 pin
60 | 136-125 1 SOCKET, 5 pin
387-603 1 PLATE, insulating
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Parts List—Type 6R1

CIRCUIT BOARDS (Cont'd)

REF. | PART SERIAL NO. ‘T’
NO.| No. EFF. |DISC. |v DESCRIPTION
61 670-006 2 BOARD, Memory /L/ (wired)
Each Includes:
62 | 406-793 1 BRACKET
Includes:
131-251 | Modl 4 1 CONNECTOR, red
131-254 [ Mod! 4 1 CONNECTOR, green
63 1214-204 2 STUD
214-206 2 RETAINER
Mounting Hardware:
64 1211-008 2 SCREW, 4-40 x '/, inch BHS
65 ]406-760 1 BRACKET
Mounting Hardware:
210-004 2 LOCKWASHER, int. #4
214-406 2 NUT, hex, 4-40 x 3/, inch
211-008 2 SCREW, 4-40 x Y, inch BHS
66 | 348-031 2 GROMMET, snap-in
67 | 136-101 2 SOCKET, 5 pin
Mounting Hardware For Each:
213-055 2 SCREW, thread cutting, 2-56 x %hs inch PHS phillips
68 | 136-062 13 SOCKET, 4 pin
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Parts List—Type 6R]
SWITCHES

START SLOPE *+ STOP SLOPE = START VOLTAGE =+ 0% AND 100% START TO STOP

STOP VOLTAGE * A VOLTAGE B VOLTAGE START SLOPE STOP SLOPE
FIRST-SECOND FIRST-SECOND

REF. | PART SERIAL NO. |@

NO.| NoO. EFE. | DISC. ; DESCRIPTION
1 260-212 1 SWITCH, SLIDE, START SLOPE =, Unwired
2 | 260-212 1 SWITCH, SLIDE, STOP SLOPE =, Unwired
3 | 260-212 1 SWITCH, SLIDE, START VOLTAGE =, Unwired
4 | 260-212 1 SWITCH, SLIDE, STOP VOLTAGE =, Unwired
5 | 260212 1 SWITCH, SLIDE, A VOLTAGE, Unwired
6 | 260-212 1 SWITCH, SLIDE, B VOLTAGE, Unwired
7 ] 260-330 1 SWITCH, SLIDE, 0% AND 100%, Unwired
8 | 260-330 1 SWITCH, SLIDE, START TO STOP, Unwired
9 | 260-145 1 SWITCH, SLIDE, START SLOPE FIRST-SECOND, Unwired
10 260-145 1 SWITCH, SLIDE, STOP SLOPE FIRST-SECOND, Unwired
Mounting Hardware For Each: {not included)
210-004 2 LOCKWAGSHER, int. #4
210-406 2 NUT, hex, 4-40 x 3,4 inch
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Parts List—Type 6R1
SWITCHES

LOWER LIMIT SET (LEFT)

(. Al -Ya

L]
-

%

TIMING STOP

&
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SWITCHES (Cont'd)}

Parts List—Type 6R1

REF. | PART SERIAL NO. (9
No.| NO. [ Toisc |y DESCRIPTION
1 262-458 1 SWITCH, LOWER LIMIT SET {left}, wired
Includes:
260-417 1 SWITCH, LOWER LIMIT SET (left), unwired
Mounting Hardware: (not included)
210-012 1 LOCKWASHER, int. 35 x '/, inch
210-413 1 NUT, hex, 3/3-32 x '/, inch
210-840 1 WAGSHER, .390 ID x %,, OD
2 | 262-461 ! SWITCH, LOWER LIMIT SET {right), wired
Includes:
260-418 1 SWITCH, LOWER LIMIT SET {right}, unwired
Mounting Hardware: (not included)
210-012 1 LOCKWASHER, int. 3 x '/, inch
210-413 1 NUT, hex, 34-32 x '/, inch
210-840 1 WAGSHER, .390 ID x %,, OD
3 | 262-458 1 SWITCH, UPPER LIMIT SET {(left), wired
Includes:
260-417 1 SWITCH, UPPER LIMIT SET (left), unwired
Mounting Hardware: (not included)
210-012 1 LOCKWAGSHER, int. 3 x '/, inch
210-413 1 NUT, hex, 34-32 x '/, inch
210-840 1 WAGSHER, .390 ID x %,, OD
4 | 262-459 1 SWITCH, UPPER LIMIT SET (right), wired
Includes:
260-418 1 SWITCH, UPPER LIMIT SET (right), unwired
Mounting Hardware: (not included)
210-012 1 LOCKWAGSHER, int. 3 x ¥/, inch
210-413 1 NUT, hex, 34-32 x '/, inch
210-840 1 WAGSHER, 390 ID x %,, OD
5 | 262-455 1 SWITCH, TIMING START, wired
Includes:
6 | 136-101 1 SOCKET, 5 pin
Mounting Hardware:
213-055 2 SCREW, thread cutting, 2-56 x 314 inch PHS phillips
7 | 136-095 1 SOCKET, 4 pin
Mounting Hardware:
211057 2 SCREW, thread cutting, 2-56 x 3%, inch RHS phillips
8 | 406-759 1 BRACKET, switch, left
Mounting Hardware:
9 | 210-006 2 LOCKWAGSHER, int. #6
210-406 2 NUT, hex, 6-32 x '/, inch
10 | 384-077 1 ROD, extension
Mounting Hardware:
1 376-014 1 COUPLING, wire, steel
12 | 210-202 1 LUG, solder,
Mounting Hardware:
213-044 1 SCREW, thread cutting, 5-32 x % inch PHS phillips
13 | 210-012 1 LOCKWASHER, int. % x '/, inch
210-413 1 NUT, hex, 3/-32 x ', inch
14 | 210-207 1 LUG, solder, ¥ inch
15 260-419 1 SWITCH, TIMING START, unwired
Mounting Hardware: (not included)
210-012 1 LOCKWASHER, int. 35-32 x '/, inch
210-413 ] NUT, hex, 3/ x /; inch
210-840 1 WAGSHER, .390 ID x %,, OD
16 | 262-457 1 SWITCH, MODE, wired
Includes:
17 179-607 1 CABLE harness, MODE switch
18 | 179-608 1 CABLE harness, MODE A VOLTS switch
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Parts List—Type 6R1

SWITCHES (Cont'd)

REF. | PART SERIAL NO. |[©
NO.| NO. [ Toisc |y DESCRIPTION
19 | 260-420 1 SWITCH, MODE, unwired
Mounting Hardware: (not included)
210012 1 LOCKWASHER, int. 3/ x ', inch
210-413 1 NUT, hex, ¥%3-32 x Y, inch
210-840 1 WASHER, .390 ID x %, OD
20 | 262-454 1 SWITCH, TIMING STOP, wired
Includes:
21 136-101 1 SOCKET, 5 pin
Mounting Hardware:
213-055 2 SCREW, thread cutting, 2-56 x 3/, inch PHS phillips
22 | 136-095 1 SOCKET, 4 pin
Mounting Hardware:
211-057 2 SCREW, thread cutting, 2-56 x 5/, inch RHS
23 | 406-759 1 BRACKET, switch, right
Mounting Hardware:
24 | 210-006 2 LOCKWASHER, int. 3, x Y, inch
210-406 2 NUT, hex, 6-32 x Y/, inch
25 | 384077 1 ROD, extension
Mounting Hardware:
26 376-014 1 COUPLING, wire steel
27 | 210-012 1 LOCKWASHER, int. 3% x V/, inch
210-413 1 NUT, hex, %3-32 x V/, inch
28 | 210-207 1 LUG, solder, 3/; inch
29 | 260-419 1 SWITCH, TIMING STOP, unwired
Mounting Hardware: (not included)
210-012 1 LOCKWASHER, int. %, x ', inch
210-413 1 NUT, hex, 33-32 x Y, inch
210-840 1 WASHER, .390 ID x %,, OD
30 | 262-456 1 SWITCH, RESOLUTION, wired
Includes:
31 179-609 1 CABLE harness, RESOLUTION switch
32 | 260-421 1 SWITCH, RESOLUTION, unwired
Mounting Hardware : (not included)
210-012 1 LOCKWASHER, int. 3, x , inch
210-413 1 NUT, hex, 3/4-32 x ', inch
210-840 1 WASHER, .390 ID x %, OD
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ELECTRICAL PARTS

Values are fixed unless marked Variable.

Tektronix

Ckt. No. Part No. Description
Bulbs

B361 150-025 Neon, NE-2E

B362 150-025 Neon, NE-2E

B363 150-025 Neon, NE-2E

B364 150-025 Neon, NE-2E

B365 150-025 Neon, NE-2E

B560 150-001 Incandescent, # 47

B561 150-001 Incandescent, #47

B562 150-001 Incandescent, #47

Capacitors

Tolerance =209 unless otherwise indicated.

Tolerance of electrolytic capacitors as follows {with exceptions}:

3V— 50V = —10%, +250%
51V —350V = —10%, +100%
351V —450V = —10%, + 50%

C440 281-525 470 pf Cer.
C490 281-525 470 pf Cer.
C550 290-162 22 uf EMT
C552 290-162 22 uf EMT
C554 290-162 22 uf EMT
C556 290-162 22 uf EMT
C575 283-003 01 uf Disc Type
C585 283-003 01 uf Disc Type
Diodes
D443 152-008 Germanium T12G
D493 152-008 Germanium T12G
Resistors

Resistors are fixed, composition, =109, unless otherwise indicated.

R340 301-474 470k Vow
R361 316-105 1 meg Ve w
R362 314-105 1 meg Vew
R363 316-105 1 meg Vew
R364 316-105 1 meg Viw

®

500 v
500 v
35v
35v
35v

35v
150 v
150 v

Parts List—Type 6RI1

S/N Range

UPPER LIMIT
MID-ZONE
LOWER LIMIT

101-439X
101-439X

X450-up
X450-up

5%
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Parts List—Type 6R1

Tektronix
Ckt. No. Part No.
R365 316-105
R370 301-823
R372 301-823
R374 301-823
R376 301-823
R381 301-154
R382 301-154
R383 301-154
R384 301-154
R385 301-154
R386 301-154
R410 301-623
R411 311-224
R412 301-562
R420 318012
R421 318012
R422 318-102
R423 318-101
R424 318-101
R425 318-102
R426 318-012
R427 318-012
R429 318-032
R430 Use 311-318
R443 311-095
R448 301-333
R460 301-623
R461 311-224
R462 301-562
R470 318-012
R471 318-012
R472 318-102
R473 318-101
R474 318-101
R475 318-102
R476 318-012
R477 318-012
R479 318-032
R480 Use 311-318
R493 311-095
R498 301-333
R500 318-040
R501 318-040
R502 318-040
R503 318-040

9-16

1 meg
82k
82k
82k
82k

150 k
150 k
150 k
150 k
150 k

150 k

50k
5.6k
25k

25k

17.4 k
57.6k
576k
17.4 k

25k
25k
250 k
30k
500

25k

17.4k
57.6k
57.6k
17.4k

25k
25k
250 k
30k
500 ©

33k

100 Q
100 @
100 Q
100 Q

Resistors (Cont'd.)

Description

Vaw
Vo w
Vo w
aw
Vo w

Vaw
Yo w
ow
Vo w
Yo w

Vaw
Vo w

Vs w

Yo w
Yo w

Vaw
Vew

aw
Ve w
Vo w
Ve w
Vew

Var.

Var.

Var.

Var.

Var.
Var.

Prec.

Prec.
Prec.
Prec.
Prec.
Prec.

Prec.
Prec.
Prec.
WW

Prec.

Prec.
Prec.
Prec.
Prec.
Prec.

Prec.
Prec.
Prec.
WW

Prec.
Prec.
Prec.
Prec.

S/N Range

5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
MANUAL START
5%
1%

1%
1%
1%
1%
1%

1%
1%
1%
START VOLTAGE
B SIG. DC LEVEL

5%
5%
MANUAL STOP
5%
1%

1%
1%
1%
1%
1%

1%
1%
1%
STOP VOLTAGE
A SIG. DC LEVEL

5%
1%
1%
1%
1%



Parts List—Type 6R1

Resistors (Cont'd.)

Tektronix
Ckt. No. Part No. Description S/N Range
R504 318-040 100 Q Ve w Prec. 19,
R505 318-040 100 Q Vow Prec. 1%
R506 318-040 100 @ Ve w Prec. 1%
R507 318-040 100 Q Ve w Prec. 1%
R508 318-040 100 Q e w Prec. 1%
R509 318-040 100 Q Ve w Prec. 1%,
R510 309-366 17340 Vo w Prec. 1%,
R550 307-060 6.8Q Vo w 5%
R552 307-060 68Q Vaw 5%
R554 307-060 6.8Q Vo w 59,
R556 307-060 6.8Q o w 5%
R570 301-392 3.9k Vo w 59,
R571 301-183 18k o w 5%
R572 311075 5 meg 2w Var. DISPLAY TIME
R575 301-203 20k o w 5%
R576 311026 100 k Var. B 1009, ZONE SET
R585 301-203 20 k Vo w 5%,
R586 311026 100 k Var, A 100% ZONE SET

Switches

Unwired Wired
SW310 260-330 Slide 0% and 100%
SW3T11 260-330 Slide START TO STOP
SW320 *260-420 *262-457 Rotary MODE
SW330 260-212 Slide START SLOPE ()
SW331 260-145 Slide START SLOPE (FIRST-SECOND)
SW340 260-212 Slide STOP SLOPE (=)
SW341 260-145 Slide STOP SLOPE (FIRST-SECOND)
SW350 260-212 Slide A VOLTAGE
SW351 260-212 Slide B VOLTAGE
SW360  *260-421 *262-456 Rotary RESOLUTION
SW430 260-212 Slide START VOLTAGE
SW440  *260-419 *262-455 Rotary TIMING START
SWA480 260-212 Slide STOP VOLTAGE
SW490  *2640-419 *262-454 Rotary TIMING STOP
SW500A & B

*260-417 *262-458 Rotary LOWER LIMIT SET [Left)
SW502A & B

*260-418 *262-461 Rotary LOWER LIMIT SET (Right)
SWH504A & B

*260-417 *262-458 Rotary UPPER LIMIT SET (Left)
SW506A & B

*260-418 *262-459 Rotary UPPER LIMIT SET (Right}
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Transistors

Tektronix
Ckt. No. Part No. Description S/N Range
Q448 *151-059 Tek Spec.
Q498 *151-059 Tek Spec.
Electron Tubes
V370 154-326 B5094
V371 154-327 B5092
V372 154-327 B5092
V373 154-327 B5092
V374 154-327 B5092
V443 154-323 6CW4
V493 154-323 6CW4
Counter Board (4) Location A
Tektronix
Cki. No. Part No. Description Model No.
Capacitors
670-004 Complete Board
C2 281-549 68 pf Cer. 500 v 10%
Cé 281-523 100 pf Cer. 350 v
Clé 281-523 100 pf Cer. 350 v
C22 281-518 47 pt Cer. 500 v
C2¢6 281-523 100 pf Cer. 350 v
C36 281-523 100 pf Cer. 350v
C38 281-524 150 pf Cer. 500 v
C42 281-518 47 pf Cer. 500 v
C46 281-523 100 pf Cer. 350 v
C56 281-523 100 pf Cer. 350 v
C58 281-524 150 pf Cer. 500 v
Cé2 281.518 47 pf Cer. 500 v
Céé 281-523 100 pf Cer. 350 v
C76 281-523 100 pf Cer. 350 v
Diodes
D2 *152-075 Germanium 6075
D12 *152-075 Germanium 6075
D22 *152-075 Germanium 6075
D32 *152-075 Germanium 6075
D38 *152-075 Germanium 6075
D42 *152-075 Germanium 6075
D52 *152-075 Germanium 6075
D58 *152.075 Germanium 6075
D62 *152-075 Germanium 6075
D72 *152-075 Germanium 6075
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R15
R16
R17
R22
R23

R24
R25
R26
R27
R34

R35
R36
R37
R38
R39

R42
R43
R44
R45
R46

R47
R54
R55
R56
R57

R58
R59
R62
Ré3
Ré4

R65
R66
R67
R74
R75

R76
R77
R81
R83
R100

Tektronix
Part No.

Use

Use

Use

301-563
309-444
301-222
301-153
301-154

301-222
301-153
301-154
301-563
309-260

301-432
301-432
301-153
301-154
301-432

301-432
301-153
301-154
301-223
301-473

301-563
309-260
301-432
301-432
301-153

301-154
301-432
301-432
301-153
301-154

301-223
301-473
301-563
309-389
301-432

301-432
301-153
301-154
301-432
301-432

301-153
301-154
301-474
301-104
301-151

56 k
200 k
2.2k
15k
150 k

2.2k
15k
150 k
56k
100 k

43k
43k
15k
150 k
43k

43k
15k
150 k
22k
47 k

56 k
100 k
43k
43k
15k

150 k
43k
43k
15k
150 k

22k
47 k
56 k
50 k
43k

43k
15k
150k
43k
43k

15k
150 k
470k
100 k
150 Q

Resistors

Description

%
Vaw
o w
o w
o w

o w

Vo w

o w
Vo w
Yow
o w
Vaw

Vo w
o w
Vo w
Yo w
o w

Yow
ow
Vo w
Vaw
Yy w

aw
o w
Vo w
o w
Vo w

o w
o w
YVow
Vo w
Vo w

o w
Yow
o w
Vo w
aw

Vaw
Vo w
Yo w
Vaw
Vo w

Prec.

Prec.

Prec.

Prec.

Parts List—Type 6R]

5%
1%
5%
5%
5%

5%
5%
5%
5%
1%

5%
3%
5%
5%
3%

5%
5%
5%
5%
5%

5%
1%
5%
5%
5%

5%
5%
5%
5%
5%

5%

5%

5%

3%
5%
5%
5%
5%

Model No.
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Tekironix

Ckt. No. Part No.
R102 301-151
R104 301-151
R106 301-151
R108 301-151
R109 301-750
R110 301-750
Q5 *151-054
Q15 *151-054
Q25 *151-054
Q35 *151-054
Q45 *151-054
Q55 *151-054
Q65 *151-054
Q75 *151-054
Q83 Use *153-520
Q100 *151-059
Q101 *151-059
Q102 *151-059
Q103 *151-059
Q104 *151-059
Q105 *151-059
Q106 *151-059
Q107 *151-059
Q108 *151-059
Q109 *151-059
Use 670-022

Ci ' 290-162
C2 281-549
cé 281-523
C16 281-523
c22 281-518
C26 281-523
C36 281-523
C38 281-524
C42 281-518
C46 281-523
C50 281-511
Cc52 283-024
C56 281-523
C62 281-549
Cé6 281-523

9-20

150 @
150 O
150 Q
150 @
75Q
75Q

2N1754
2N1754
2N1754
2N1754
2N1754

2N1754
2N1754
2N1754
2N404

Tek Spec.

Tek Spec.
Tek Spec.
Tek Spec.
Tek Spec.
Tek Spec.

Tek Spec.
Tek Spec.
Tek Spec.
Tek Spec.

= 1, 2, 5 BOARD (1) LOCATION B

Resistors (Cont'd.}

Description

Vaw
Vo w
Vo w
o w
Ve w
Vaw

Transistors

Complete Board

22 uf
68 pf
100 pf
100 pf
47 pf

100 pf
100 pf
150 pf
47 pf

100 pf

22 pf
T uf
100 pf
68 pf
100 pf

Capacitors

EMT
Cer.
Cer.
Cer.
Cer.

Cer.
Cer.
Cer.
Cer.
Cer.

Cer.
Disc Type
Cer.
Cer.
Cer.

35v
500 v
350v
350 v
500 v

350 v
350 v
500 v
500 v
350 v

500 v

30v
350 v
500 v
350 v

3%
5%
5%
3%
5%
5%

10%

10%

10%

Mode! No.



Ckt. No.

Cc70
C72
C76

C82

D2

D12
D18
D22
D32

D38
D42
D44
D52
D62

D72
D74
D84

R15
R16
R17
R22
R25

R26
R27
R35
R36
R37

R38
R39
R42
R44

Tektronix
Part No.

281-510
283-024
281-523
281-510
283-024

*152-075
*152-075
*152-075
*152-075
*152-075

*152-075
*152-075
*152-075
*152-075
*152-075

*152-075
*152-075
*152-075

307-060
301-563
301-222
301-153
301-154

301-222
301-153
301-154
301-563
301222

301-153
301-154
301-222
301-153
301-154

301-223
301-473
301-563
301-222
301-122

22 pf
duf
100 pf
22 pf
d uf

Germanium
Germanium
Germanium
Germanium
Germanium

Germanium
Germanium
Germanium
Germanium
Germanium

Germanium
Germanium
Germanium

680
56 k
22k
15k
150 k

22k
15k
150 k
56 k
22k

15k
150 k
22k
15k
150 k

22k
47 k
56 k
22k
1.2k

Capacitors (Cont'd)

Description
Cer.
Disc Type
Cer.
Cer.
Disc Type
Diodes

6075

6075

6075

6075

6075

6075

6075

1N634

6075

6075

6075

6075

6075
Resistors
Vo w
Vaw
hw
Vaw
Vaw
Vo w
Yo w
aw
Yo w
Vaw
YVow
Vo w
Vaw
Yaw
Vo w
Vo w
Vaw
o w
Vaw
Yaw

500 v
30v
350v
500 v
0v

Parts List—Type 6R1

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

3%
2%
5%
5%
5%

Model No.

2-up
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Tektronix

Ckt. No. Part No.
R45 301.222
R46 301-153
R47 301-154
R50 301-473
301-273

R51 301-204
301-104

R52 301-623
301-243

R55 301-222
R56 301-153
R57 301-154
R62 301-563
R65 301-222
R66 301-153
R67 301-154
R70 301-473
301-273

R71 301-204
301-104

R72 301-623
301-243

R75 301-222
R76 301-153
R77 301-154
R80 301-473
301-273

R81 301-204
301-104

R82 301-623
301-243

Q5 *151-054
Q15 *151-054
Q25 *151-054
Q35 *151-054
Q44 *151-054
Q45 *151-054
Q55 *151-054
Q65 *151-054
Q74 *151-054
Q75 *151-054
Q84 *151-054

9-22

2.2k
15k
150 k
47 k
27 k

200 k
100 k
62k
24k
22k

15k
150 k
56 k
2.2k
15k

150 k
47 k
27 k
200 k
100 k

62 k
24k
2.2k
15k
150 k

47 k
27k
200 k
100 k
62 k
24k

2N1754
2N1754
2N1754
2N1754
2N1754

2N1754
2N1754
2N1754
2N1754
2N1754
2N1754

Resistors {Cont'd)

Description

Vow
Vo w
Vow
Vaw
Vaw

Vaw

Vo w

Vaw

Vaw

Vaw

Vo w
ow
Vhw
Vo w
Vo w
YVaw

Transistors

3%
5%
3%
5%
5%

5%
3%
5%
3%
5%

5%
3%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%

5%

Model No.

2-up

2-up

2-up

2-up
2-up

2-up



Ckt. No.

C1é
C25
C26
C27
C32

C36
C42
C46
C52
C56

Cé62
Cé6
7

D28
D32
D42
D52
D62

R10
R13
R14
R15
R16

Tektronix
Part No.

670-009

290-162
281-524
281-516
283-032
285-576

283-000
283-010
283-057
283-057
281-523

281-550
281-543
281-550
281-543
281-550

281-523
281-550
281-518

*152-075
*152-075
*152-075
*152-075
*152-075

*152-047
*152-075
*152-075
*152-075
*152-075

307-060
301-103
301-103
301-823
301-223

301-103
301-222
Use 301-363
301-470
303-433

Parts List—Type 6R1

MASTER GATE BOARD (1) LOCATION C

Description Mode! No.
Complete Board
Capacitors
22 uf EMT 35y
150 pf Cer. 500 v
39 pf Cer. 500 v 109
470 pf Disc Type 500 v 5%
1 uf PTM 100 v 10%
001 uf Disc Type 500 v
05 uf Disc Type 50v X2A-up
g uf Disc Type 200 v
d pf Disc Type 200 v
100 pf Cer. 350 v
120 pf Cer. 500 v 10%
270 pf Cer. 500 v 109%
120 pf Cer. 500 v 10%
270 pf Cer. 500 v 10%
120 pf Cer. 500 v 10%
100 pf Cer. 350 v
120 pf Cer. 500 v 10%
47 pf Cer. 500 v
Diodes

Germanium 6075
Germanium 6075
Germanium 6075
Germanium 6075
Silicon 6061 X2A-up

Silicon 1N2862 (or equal)
Germanium 6075
Germanium 6075
Germanium 6075
Germanium 6075

Resistors
68Q Vo w 5%,
10k Vo w 5,
10k Vow 5%
82k Vaw 5%
22 k 1/2 w 5%
10k Vaw 5%
2.2k Vow 5%
36k Vo w 5%,
47 Q 1/2 w 5%
43k Tw 5%
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Tektronix
Ckt. No. Part No.
R17 301-332
R18 301-472
R20 301-104
R21 301-822
R24 301-104
R25 301-183
R26 301-124
R27 301-223
R30 301-101
R32 301-563
R35 301-222
R36 301-153
R37 Use 301-105
R40 301-103
R42 301-563
R45 301-222
R46 301-153
R47 Use 301-105
R50 301-101
R52 301-563
R55 301-222
R56 301-153
R57 Use 301-105
R60 301-103
R62 301-563
Ré5 301-222
R66 301-153
R&7 Use 301-105
R70 301-474
R71 Use 301-393
R72 301-105
R74 301-222
R83 301-101
R93 301-101
Q3 151-010
Q13 151069
Q23 *151-059
Q24 151-055
Q33 151-049
Q35 *151-054
Q43 151-069
Q45 *151-054
Q53 151-069
Q55 *151-054

9-24

33k
47k
100 k
8.2k
100 k

18k
120 k
22k
100 ©
56 k

22k
15k
1 meg
10k
56 k

22k
15k
1 meg
100 Q
56 k

22k
15k

1 meg

56k

2.2k
15k
1 meg
470k
39k

1 meg
22k

100 Q
100 Q

2N404
2N1304

Tek Spec.

2N398A
2N1304

2N1754
2N1304
2N1754
2N1304
2N1754

Resistors (Cont'd.}

Description

Y w
Vo w
Yo w
Vo w
Yow

Vo w

Vo w

Vaw
o w
Yo w
Vaw
Vaw

Yaw

Vo w
aw

Transistors

5%
5%
59%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%

Model No.



Ckt. No.

Q&3
Q65
Q73
Q74
Q83
Q93

V15

Cl

Ci2
C22
C31

C42
C50
Cé62
Cé6
Cé8

C76
80
C82
C90
C92

D4

D14
D23
D24
D43

D44
D52
D62
Dé8
D72

Tektronix
Part No.

151-069
*151-054
Use 151-069
*151-054
Use 151-069
*151-054

154-306

670-020

290-162
283-000
283-000
281-549
281-510

281-549
281-536
281-523
281-546
281-518

281-546
281-516
283-024
281-516
283-024

*152-061
*152-061
*152-045
*152-075
*152-045

*152-075

152-081
*152-075
*152-075
*152-075

2N1304
2N1754
2N1304
2N1754
2N1304
2N1754

7586

Transistors (Cont'd)

Description

Electron Tube

SIGNAL COMPARATOR BOARD (2) LOCATION D

Complete Board

22 uf
001 uf
.001 uf
68 pf
22 pf

68 pf
.001 pf
100 pf
330 pf
47 pf

330 pf
39 pf
A uf
39 pf
T uf

Silicon 6061
Silicon 6061
Silicon 6045

Capacitors

EMT
Disc Type
Disc Type
Cer.
Cer.

Cer.
Cer.
Cer.
Cer.
Cer.

Cer.
Cer.
Disc Type
Cer.
Disc Type

Diodes

Germanium 6075

Silicon 6045

Germanium 6075

Tunnel TD2

2.2 MA

Germanium 6075
Germanium 6075
Germanium 6075

35v
500 v
500 v
500 v
500 v

500 v
500 v
350 v
500 v
500 v

500 v
500 v
30v
500 v
30v

Parts List—Type 6R1

10%

10%
10%

10%

10%
10%

10%

Model No.

X3-up
X3-up
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Tektronix
Ckt. No. Part No.
R1 307-060
R2 301-470
R4 311.255
311-336
R5 301-272
301-472
R6 305-223
303-223
R7 301-273
R12 301-470
R15 301-272
301-472
R16 301-184
R17 301-273
R18 301-821
R20 301-273
R22 301-272
R24 301-392
R25 301-102
R30 301-155
R31 301-433
R42 301-272
R50 301-101
R53 301-122
R54 301-753
R55 301-101
R57 301-101
R58 301-392
Ré1 301-392
R62 301-563
R65 301-222
R66 301-223
R67 301-204
R68 301-563
R75 301-222
R76 301-223
R77 301-204
R80 301-473
R81 301-224
R82 301-563
R84 301-222
R%0 301-473
R91 301-224
R92 301-563

9-26

680
47 Q
5k
2000
27k
47 k

22k
22k
27 k
47 Q
27k
47k

180 k
27 k
8200
27 k
27k

3.9k

1.5 meg
43k
27k

100 Q
1.2k
75k
100 Q
100 0

3.9k

56 k
22k
22k

200 k
56 k
2.2k
22k
200 k

47 k
220k
56 k
22k
47 k

220k
56 k

Resistors

Description

aw
Vo w

YVaw
Vaw

2w

Tw
Yaw
Vo w
Vaw
Vaw

Yo w
Vaw
Vo w
Vo w
Yaw

Vaw
Vaw
Vo w
1/2 w
YVaw

YVa w
o w
Yo w
Vo w
Vo w

Vaw
Vo w
Yo w
Vaw
Yow

Yo w
aw
Vo w
o w
Yo w

aw
Vo w
Vo w
o w
Yo w

Vo w
YVaw

Var,
Var.

Ww
wWw

3%
5%

2%
5%

3%
5%
3%
3%
3%
5%

5%
5%
3%
5%
5%

3%
3%
5%
5%
3%

5%
5%
5%
2%
5%

5%
2%
3%
5%
5%

2%
2%
5%
5%
5%

3%
5%
5%
3%
5%

3%
5%

Model No.

DCBAL 1, 2
3-up
1,2
3-up



Ckt. No.

Q4
Q8
Q14
Q24
Q34

Q43
Q44
Q54
Q4
Qé5

Q75
Q84
Q94

V4
V14
V53

Cl
C40
C50

C52

C70
C72
C83
C108
Cimn
c1is

D7

D27
D54
D74
D85

D86
D112

Tektronix
Part No.

151-055
*151-059
151-055
151-010
*151-054

151-010
151-082

Use 151-069
*151-054
151010

151-010
151-010
151-010

Use 154-323
Use 154-323
154-323

Use 670-021

290-162
281-518
281-572
281-509
283-012

281-572
283-012
281-523
281-523
285-598
283-008

152-055
152-055
*152-075
*152-075
*152-075

*152-075
*152-075

2N398A

Tek Spec.

2N398A
2N404
2N1754

2N404
TI495
2N1304
2N1754
2N404

2N404
2N404
2N404

6CW4
6CW4
6CW4

VOLTMETER BOARD (1) LOCATION E

Transistors

Description

Electron Tubes

Complete Board

Capacitors
22 uf EMT
47 pf Cer.
6.8 pf Cer.
15 pf Cer.
A uf Disc Type
6.8 pf Cer.
duf Disc Type
100 pf Cer.
100 pf Cer.
01 uf PTM
A uf Disc Type
Diodes

Zener 11v Yyw 5%

Zener 11v Yyw 5%

Germanium 6075
Germanium 6075
Germanium 6075

Germanium 6075
Germanium 6075

35v
500 v
500 v
500 v
100 v

500 v
100 v
350 v
350 v
100 v
500 v

Parts List—Type 6R1

Model No.

X3-up

10% 1

10% 2-up
10%
5%
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Ckt. No.

L41

R14
R23
R24
R28
R29

R34
R40

R42
R44

R50
R51

R52

R54

R70
R71
R72

R80
R83
R85

R90

R100
R101
R104
R108
R109

R111
R112
R118

9-28

Tektronix
Part No.

*108-068

307-060
311-267
301-164
301-303
301-123

301-164
311-267
301-164
301-303
301-123

301-164
301-473
301-333
301-474
301-272

301-473
301-273
301-204
301-104
301-623
301-243

301-122
301-392
301-473
301-204
301-623

301-103
301-392
301-103
301-823
301-103

301-680
301-332
301-332
301-223
303-393

Use 301-275
311-269
303-393

600 uh

6.8Q
10k
160 k
30k
12k

160 k

160 k
30k
12k

160 k
47 k
33k
470 k
27k

47 k
27 k
200 k
100 k
62k
24 k

1.2k
3.9k
47 k
200 k
62k

10k
39k
10k
82k
10k

68 Q
33k
33k
22k
39k

2.7 meg
500 k
39k

Inductor

Description

Resistors

aw
Vow
YVaw
Vo w
Vaw

o w

Vaw
Vo w
Vaw
o w
Vo w

aw
o w
Vo w
Vo w
Vo w
aw

Vaw
Vo w
Vo w
Vo w
Vo w

Yy w
Vow
Vo w
Yo w
Vo w

Vo w
fhaw
aw
Vo w

Tw

Yy w
2w
1w

Var.

Var.

Var.

Model

5%
ww STOP VOLT CAL
5%
5%
5%

5%
ww START VOLT CAL.
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
RAMP SLOPE
5%

No.

2-up

2-up
2-up

2-up



Ckt.

Q8

Q18
Q28
Q38
Q40

Q44
Q54
Qb4
Q74
Q83

Q93
Q103
Q104

V105
VIl

D14
D34
D73
D74
D112

D113
D114
D141
D142
D153
D144

R3

R14
R23
R43
R54

R63

R72
R83
R94

No.

Tektronix
Part No.

Use 151-081
*151-059
Use 151-081
*151-059
151-081

Use 151-015
*151-054
Use 151-069
*151-054
151069

151-069
*151-054
*151-054

154-306
154-323

670-011

*152-075
*152-075
*152-075
*152-075
*152-075

*152-075
*152-075
*152-075
*152-075
*152-075
*152-075

301-393
301-392
301-393
301-393
301-392

301-393
301-363
315-473
301-393
301-392

2N1749
Tek Spec.
2N1749
Tek Spec.
2N1749

2N1516
2N1754
2N1304
2N1754
2N1304

2N1304
2N1754
2N1754

7586
6CW4

UPPER LIMIT NO-GO BOARD (1) LOCATION F

Complete Board

Germanium
Germanium
Germanium
Germanium
Germanium

Germanium
Germanium
Germanium
Germanium
Germanium
Germanium

39k
36k

39k
3.9k

6075
6075
6075
6075
6075

6075
6075
6075
6075
6075
6075

Transistors

Description

Electron Tubes

Diodes

Resistors

Vo w
Vo w
YVaw
Vaw
o w

Yaw
3%
Yaw
Yo w
Yo w

Parts List—Type 6R1

5%
5%
5%
5%
3%

2%
5%
3%
5%
5%

Model No.

1A-up
X1A-up
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Parts List—Type 6R1

Tektronix

Ckt. No. Part No.
R103 301-393
301-343

R112 315-473
R123 301-393
R134 301-392
R142 301222
R143 301-100
Q4 151-010
Q4 151-070
Q24 151-010
Q34 151-070
Q44 151-010
Q54 151-070
Q64 151-010
Q73 *151-059
Q74 151-070
Q84 151-010
Q94 151-070
Q104 151-010
Q113 *151-059
Q114 151-070
Q124 151-010
Q134 151-070
Q143 151010
670-010
D14 *152.075
D34 *152-075
D73 *152.075
D74 *152-075
D112 *152-075
D113 *152-075
D114 *152-075
D141 *152-075
D142 *152-075
D143 *152-075
D144 *152-075
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Resistors (Cont'd.)

Description
39k Vo w
36k Yo w
47 k Yew
39k Vo w
3.9k 1/2 w
22k Vow
10Q 1/2 w

Transistors

2N404
2N1377
2N404
2N1377
2N404

2N1377
2N404
Tek Spec.
2N1377
2N404

2N1377
2N404
Tek Spec.
2N1377
2N404

2N1377
2N404

LOWER LIMIT NO-GO BOARD (1) LOCATION G

Complete Board

Diodes

Germanium 6075
Germanium 6075
Germanium 6075
Germanium 6075
Germanium 6075

Germanium 6075
Germanium 6075
Germanium 6075
Germanium 6075
Germanium 6075
Germanium 6075

5%
5%
3%
5%
5%

5%
5%

Model No.

1
1A-up
X1A-up



Ckt. No.

R3

R14
R23
R43
R54

Ré3

R72
R83
R4

R103

R112
R123
R134

R142
R143

Q4

Q14
Q24
Q34
Q44

Q54
Qb4
Q73
Q74
Q84

Q94

Q104
Q113
Q114
Q124

Q134
Q143

R13
R14
R20
R23
R33

Tektronix
Part No.

301-393
301-392
301-393
301-393
301-392

301-393
301-363
315-473
301-393
301-392

301-393
301-363
315-473
301-393
301-392

301-222
301-100

151010
151-070
151.010
151-070
151-010

151-070
151-010
*151-059
151-070
151010

151-070
151-010
*151-059
151-070
151-010

151070
151-010

670-008

301-472
301-332
301-103
301-272
306-470

Resistors
Description
39k Vaw
39k Vo w
39k Vo w
39k ]/2 w
3.9k Vo w
39k Vo w
36k Vo w
47 k Vi w
39k Vo w
3.9k Vow
39k Vow
36k ow
47 k Ve w
39k Vo w
3.9k Vo w
22k 1/2 w
10Q Vo w

Transistors

2N404
2N1377
2N404
2N1377
2N404

2N1377
2N404
Tek Spec.
2N1377
2N404

2N1377
2N404
Tek Spec.
2N1377
2N404

2N1377
2N404

LIMIT LIGHT DRIVER BOARD (1) LOCATION H

Complete Board

Resistors
4.7k Vo w
3.3k o w
10k Vo w
27k Vo w
47 Q 2w

Parts List—Type 6R]

Model No.

5%
5%
5%
5%
5%

5% 1
5% 1A-up
5% X1A-up
5%
5%

5% 1
5% 1A-up
5% XTA-up
5%
5%

5%
5%

5%
5%
5%
5%
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Parts List—Type 6R1

Tektronix

Ckt. No. Part No.
R40 301-103
R43 301-272
R53 306-470
R&0 301-480
R63 306-470
R64 301-102
Q13 151-070
Q14 151-070
Q23 151-010
Q33 151-001
Q43 151-010
Q53 151-001
Q63 151-001
Qb4 151-010
670-001

Cl 290-162
C2 281-523
Cé 281-525
Cl6 281-525
Cc22 281-523
C26 281-525
C36 281-525
C38 Use 281-551
C42 281-523
C46 281-525
C56 281-525
C58 Use 281-551
C62 281-523
Cé6 281-525
C76 281-525
D2 *152.075
D12 *152-075
D22 *152-075
D32 *152-075
D38 *152-075
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10k
2.7k
47 Q
68 Q
47 Q
Tk

2N1377
2N1377
2N404
2N301
2N404

2N301
2N301
2N404

= 10 BOARD (1) LOCATION I

Complete Board

22 pf

100 pf
470 pf
470 pf
100 pf

470 pf
470 pf
390 pf
100 pf
470 pf

470 pf
390 pf
100 pf
470 pf
470 pf

Germanium
Germanium
Germanium
Germanium
Germanium

6075
6075
6075
6075
6075

Resistors [Cont'd.}

Description

Vo w
Vow
2w
Vo w
2w
Yo w

Transistors

Capacitors

EMT
Cer.
Cer.
Cer.
Cer.

Cer.
Cer.
Cer.
Cer.
Cer.

Cer.
Cer.
Cer.
Cer.
Cer.

Diodes

35v
350v
500 v
500 v
350 v

500 v
500 v
500 v
350 v
500 v

500 v
500 v
350 v
500 v
500 v

5%
5%

5%
5%

10%

10%

Model No.



Ckt.

D42
D52
D58
D62
D72

R15
R16
R17
R22
R25

R26
R27
R35
R34
R37

R38
R39
R42
R45
R46

R47
R55
R56
R57
R58

R59
R62
Ré5
R66
R67

R75
R76
R77
R83

Q5

Q15
Q25
Q35
Q45

Tekironix
No. Part No.

*152-075
*152-075
*152-075
*152-075
*152-075

307-060
301-563
301-222
301-223
301-204

301-222
301-223
301-204
301-563
301-222

301-223
301-204
301-222
301-223
301-204

301-223
301-473
301-563
301-222
301-223

301-204
301-222
301-223
301-204
301-223

301-473
301-563
301-222
301-223
301-204

301-222
301-223
301-204
301-392

151-010
151-010
151-010
151-010
151-010

Germanium
Germanium
Germanium
Germanium
Germanium

680
56 k
2.2k
22k
200 k

2.2k
22k
200 k
56 k
2.2k

22k
200 k
2.2k
22k
200 k

22k
47 k
56 k
2.2k
22k

200 k
2.2k
22k
200 k
22k

47 k
56 k
22k
22 k
200 k

2.2k
22k

200 k
3.9k

2N404
2N404
2N404
2N404
2N404

Diodes (Cont'd)

Description

Resistors

ow
aw
Vow
Vo w
o w

o w
Vow
1w
o w
ow

o w
Vaw
aw
o w
o w

Yow
Vow
Vaw
ow
ow

Vaw
%
Vaw
o w
YVow

Vow
Vaw
Vo w
o w
Vo w

Vo w
2w
o w
Vaw

Transistors

Parts List—Type 6R]

5%
3%
3%
5%
5%

5%
3%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%

Model No.
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Parts List—Type 6R1

Tektronix

Ckt. No. Part No.
Q55 151010
Q65 151-010
Q75 151-010
Q83 151-069
670-005

cn 281-511
D12 *152-075
D32 *152-075
D52 152-025
Dé2 *152-075
Dé3 *152-075
D72 *152.075
D73 *152.075
D82 152-025
R2 301-103
R10 301-103
R13 301-222
R20 301-103
R30 301-103
R33 301-222
R40 301-103
R42 301-123
R43 301-222
R50 301-103
R52 301-333
R53 301-392
R60 301-103
R62 301-333
R63 301-392
R70 301-103
R72 301-333
R73 301-392
R74 301-123
R80 301-103
R82 301-333
R90 301-104
R91 301-103

9-34

Transistors (Cont'd)

Description

2N404
2N404
2N404
2N1304

ANALOG DISPLAY BOARD (1) LOCATION J

Complete Board

22 pf

Germanium 6075
Germanium 6075
Germanium TNé34
Germanium 6075
Germanium 6075

Germanium 6075
Germanium 6075
Germanium 1Né634

10k
10k
22k
10k
10k

22k
10k
12k
2.2k
10k

33k
3.9k
10k
33k
3.9k

10k
33k
3.9k
12k
10k

33k
100 k
10k

Capacitor

Cer.

Diodes

Resistors

ow
o w
o w
Vo w
YVow

Yo w

o w

Yo w
Yow
o w

10%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%

Model No.



Ckt. No.

Q3

Q13
Q23
Q33
Q43

Q53
Q63
Q73
Q83
Q%4

cl

C20
C47
Cé1

D40
D43

R1

R1
R13
R14
R20

R21
R23
R24
R33
R40

R43
R44
R45
R47
R50

Tektronix
Part No.

151-069
151-069
151-069
151-069
151-010

151-010
151-010
151-010
151-010
151-010

670-012

290-162
281-516
281-523
281-509

152-008
*050-109
Use 152-081

307-060
301-102
301-272
301-272
301-473

301-155
301-470
301-392
301-470
301-470

311-270
303-273
Use 301-105
301-332
301-101

2N1304
2N1304
2N1304
2N1304
2N404

2N404
2N404
2N404
2N404
2N404

0% ZONE BOARD (1) LOCATION K

Complete Board

22 pf
39 pf
100 pf
15 pf

Germanium T12G
Replacement Kit

Transistors

Description

Capacitors

EMT
Cer.
Cer.
Cer.

Diodes

Tunnel TD2 2.2 ma

680

2.7k
2.7k
47 k

1.5 meg
47 Q
3.9k
47 Q
47 Q

50k
27 k

1 meg

100 0

Resistors

aw
Vo w
hw
Vaw
Vo w

o w
Vaw
Vo w
o w
Vo w

2w
Tw
o w
ow
Vo w

Var,

35v
500 v
350 v
500 v

Parts List—Type 6R1

10%
10%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%

Model No.

0% ZONE WIDTH
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Parts List—Type 6R1

Tektronix

Ckt. No. Part No.
R54 301-222
R60 301-155
R61 301-104
R63 301-222
R64 301-332
R74 301-392
R75 303-183
R80 301-102
R84 301-392
Q13 151-069
Q14 151-069
Q23 151-069
Q24 151-049
Q33 151-010
Q43 151-082
Q54 151-069
Q63 151-010
Qé4 *151-054
Q74 151-069
Q84 151-069
V43 154-306
670-006

C30 281-509
C40 281-509
C50 285-576
C80 285-576
D13 *050-109
152-093

D23 *050-109
152-093

D31 *152-045
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Resistors (Cont'd.)

Description
22k Vo w
1.5 meg Vo w
100 k VoW
22k Vow
33k Vaw
3.9k Vo w
18k Tw
1k 1/2 w
39k Vo w

Transistors

2N1304
2N1304
2N1304
2N1304
2N404
Ti495
2N1304
2N404
2N1754
2N1304
2N1304

Electron Tube
7586

MEMORY BOARD (2) LOCATION L

Complete Board

15 pf
15 pf
1 uf
1 uf

Replacement Kit
Tunnel TD3 4.7 ma
Replacement Kit
Tunnel TD3 4.7 ma
Silicon 6045

Capacitors

Cer.
Cer.
PTM
PTM

Diodes

500 v
500 v
100 v
100v

5%
5%
5%
5%
5%

5%
5%
5%
5%

10%
10%
10%
10%

Model No.



Ckt. No.

D32
D41
D42
D61
D62

D71
D72

R10
R11
R12
R13
R14

R15
R24
R25
R26
R30

R31
R34
R35
R36
R40

R41
R44
R45
R47
R50

R51
R53
R58
Ré0
Ré3

R70
R73
R80
R81
R83
R88

Q3

Q13
Q14
Q23
Q24

Tektronix
Part No.

*152-045
*152-045
*152-045
*152-045
*152-045

*152-045
*152-045

301-823
301-102
301-164
311-268
Use 315-242

315-101
Use 315-242
315-101
315-332
315-104

301-155
315-222
301-103
301-393
315-104

301-155
301-392
301-103
301-393
315-332

315-102
311-266
301-273
301-103
301-393

301-103
301-393
315-332
315-102
311-266
301-273

151-069
151-082
151-069
151-082
151-069

Silicon 6045
Silicon 6045
Silicon 6045
Silicon 6045
Silicon 6045

Silicon 6045
Silicon 6045

100 k

1.5 meg
3.9k
10k
39k
3.3k

1k
500 Q

39k

2N1304
Ti495
2N1304
TI495
2N1304

Diodes (Cont'd)

Description

Resistors

Yaw
Vaw
Vaw
2w
Ve w

Vew
Vaw
Vaw
Ve w
Ve w

Vow
Ve w
Vo w
Vaw
Vaw

YVow
Vo w
Vo w
Yo w
Vaw

Ve w
Vaw

Transistors

Parts List—Type 6R1

5%
5%
5%

Model No.

Var. 100% ZONE WIDTH

5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
5%
5%
5%
5%

5%
Var. WWwW
5%
5%
5%

5%
5%
5%
Var. WWwW
5%

100% DC LEVEL

5%
0% DC LEVEL
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Parts List~Type 6R1

Transistors {Cont'd)

Q33 151-071 2N1305
Q34 151-069 2N1304
Q43 151-069 2N1304
Q44 151-069 2N1304
Q58 *151-059 Tek Spec.
Q63 151-071 2N1305
Q73 151-069 2N1304
Q88 *151-059 Tek Spec.
Electron Tubes

V53 154-323 6CW4
V83 154-323 6CW4
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0% A MEMORY FROM PIN 7, J-L;
0% B MEMORY FROM PIN 7, J-Ljp

SPARE

1’S STAIRCASE FROM RPIN 2, J-A;

SPARE

TIMING START SWITCHING

EXTERNAL

&
@
REFERENGE |
DRAWINGS &

TIMING STOP SWITCHING

MODE SWITCH

RESOLUTION SWITCH

PLUG-IN CIRCUIT BOARD CONNECTORS
CONNECTOR TO INDICATOR UNIT

MR M
563

READOUT & PROGRAMMING CONNECTORS

O @ BOO® @ VOOV



+GATE OUT
(TO A&€B MEMORIES,
¢ MASTER GATE)

-GATE OUT
(TO MODE SWITCH)

SWP. GATE IN
(FROM PIN9 -P32)

13

4
[
+0% OUT
(To Ate iz
MEMORIES)
[
-0% OUT .
(TO VOLTMETER ,
AéB MEMORIES & TO MODE
SWITCH)
SWEEP IN 7
(FROM PIN 8-P32)
SWEEP OUT 10
(TO TIMING SWITCHES,
¢ A¢B MEMORIES)
+CHOP OUT 3
(TO ANALOG DISPLAY)
CHOPPING PULSE IN 2
(FROM PIN 14-P32)
~CHOP OUT ,
(TO ANALOG DISPLAY)
TYPE 6R!

-
e — +20 +20V
R
A Ri4
2.7k
+20 Q13
21304
e — ov
—l]—
RI3
2.7k
+72 rR20
. 47K
- ! 1K
Q4
HTR' +20V 2M1304 — Fél
6.8 = 2'2” h ’
l -100v
& -ip0v  v20
> 125y —|\
Qv
-t
6.3VAC
12
va3
[[«3
i UT -
o v
-
-t
M+ N
av
-
+50
M ov
-
©% ZONE
WIDTH
+20v
+ 20
R74
39K
ov
-
Q74
2M /304
R -160v
-100v
*2 R8O
- oV 1K 084
T 247304
-
+20
R84
3.9k
oV
+20V A



+20V
+20V
RI4
2.7k
Q23
20y 247304
R23
R24 pes
39K
R33 R54
R20 c20 47 2.2K
47K as
Q24 Q33
2NM/304 24/ 404
Ql4
R21
241304 = 1L5M = =
-100v
+20V
R63
2.2K
Q63
2N404
125V =
+20V
R6O
1.5M
Qe4
2NI754
cel Ré!
15 100K
R64
3.3k
+20v
0% ZONE R43
WIDTH -2 50K
R47
R44 3.3k
27¥%
j_c47
Iroo
{ Q43
% 7/495
R45
™
-100V R50
100 Q54
2AMI304
SEE PARTS LIST FOR EARLIER
D43 VALUES AND 5/N CHANGES OF
2ma PARTS MARKED WITH BLUE
OUTLINE
NOTE N
ON SOME CIRCUIT BOARDS, A 563
LETTER FOLLOWING THE MODEL
NUMBER. INDICATES A CHANGE 0% ZONE

A AFFECTING ONLY THE BOARD

DESIGNATED BY THIS LETTER. SERIES K MODELS 1,2,3,4



i- 100 %/ ZONE
+20V

Q3
2N/I304

+GATE IN |5
(FROWM O°/, ZONE)

EX¢
Mso
RIO
ov
SWEEP g Bak
(FROM 0% ZONE)
1ok
(TO 100% ZOMNE e
SET CONTROL) '¥ A )
100% ZONE
1 WIDTR
5 =
12
o V53
:2 VB3
a @
-12.2V sma é
100 7. ZONE -
(TO ANALOG DISPLAY) (O
100% MEMORY OUT o
(TO TIMING ¢ MODE
SWITCHES)
VERTICAL SIGNAL IN
(FROM PIN 12,P32) <
6 {&—— +i25V
1" %—-— +20V
4 &<—-100V
+0% IN
( FROM O% ZONE) >
H |——l +20
oV
ov
~O0%IN |
(FROM 0% ZONE) ' <
0% MEMORY OUT 4
(TO TIMING €& MODE -
SWITCHES)
TYPE 6RI A




+

MEMORY GATE —-t-— MEMORY-._’-— OUTPUT-I

>0 °/o ZONE QTA
+125V
R36
+20V 39K
R34
K 2.2K ngsK
@R33 D31
™ EN/305
+zov
- v53
+20V - ) 6cw+
Q34 R45
= 10K 043
-~ 2, (0]
1304 2NI1304
|%é?< 7
[
O/ R4\ Q42 R47
= 2nEosy ' SM T 2NI304 29K
~ 100V —jo0v
100% DC LEVEL ~
R53
%00
PIN Q
JACK
100 % OUTPUT 058
il /5/-059
R58
27K
+125v —1o0oVv
R63
39K
R 60
10K 063
2NI305
- Va3
+20V 6CW4
R70
10K 073
2N/304 P!
R73
39K
-ioov
0% DC LEVEL\
R83
500
PIN [~]
TACK
0% OUTPUT @XES
L 15/-059
RrR&s8
27K
SEE PARTS LIST FOR BARLIER —- o0V
VALUES AND S/N CHANGES OF
PARTS MARKED WITH BLUE
QUTLINE MR
563
A MEMORY

NOTE

ON SOME CIRCUIT BOARDS, A
LETTER FOLLOWING THE MODEL
NUMBER. INDICATES A CHANGE
AFFECTING ONLY THE BOARD
DESIGNATED BY THIS LETTER.

SERIES L. MODELS 12,34



7 +300V f

FLOATING POWER SUPPL

+125V
14 +125V
3
" b7y 20V
AN ¢ +
+1 e
_I 22uf
To 19 + e
START VOLTAGE START D27
SWITCH VOLTAGE v
- CAL.
20 038
/15/-059
-i2.2v
-—tooVv
2
TO +
STOP VOLTAGE
SWITCH
\ -
'<—— XTAL 08C——s+————— OUTPUT =|" OVERDRIVEN AMPS
+20V +20v +a2ov
+
#3
+128V TTT
cso 2v/owv. R D54
I3< Q44 o e 50, ZEC/DIV
QOK -
oCI 70 r—)}j [Cor] AL \ ﬁ
AN 1
R
sen, B b X
2.7
gRsa
= — = +125v
INT. CLOCK GND | o
(TO MODE SWITCH)
EXT. CLOCK IN
(FROM PINI,P32) 5

EXT. CLOCK GND
(FROM MODE SWITCH) |4 ¢

CLOCK OUT
(TO START & STOP |

COMPARATOR
& MASTER GATE)

——l—__,— +20
ov
RESET PULSE 4
(TO MODE SWITCH)
ov
-0 % ZONE IN s
(FROM 07, ZONE)
+ 20
9 <
oV

PRINT COMMAND IN |5

(FROM MASTER GATE)

10 &—— —100V
ov

RAMP OUT

(To MODE SWiITCH) '7

SEE PARTS LIST FOR EARWIER
VALUES AND S/N CHANGES OF
PARTS MARKED WITH BLUE
OUTLINE

TYPE &RI



—— FLOATING POWER SUPPLY

. N

38
15/-059
—12.2Vv
R34
G6OK
WAVEFORMS weRe oTAINED
v UNDER FOLLOWING CONDITIONS @
WAVEFORMS 142
MODE ...........0.. VOLTAGE(A)
WAVEFORMS 344:
/8 MODE . .ot eiertneneannans TIME
— OV VE Mps ———————*
OVERDRIVEN AMPS el-059
+20v
#3
k [ —4
e, Lk D54
2v/0- HRHRTRTT
LIrln
B0 SEC/DV. \
B —j00v
Q54
+125v ENI75¢
I-— RAMP GENERATOR ——-1
+300Vv
D74
D2
7] 47K Q74 Ri0E ,— RAMP SLOPE
2NIT5% 22K O:ggK
Llcns
J' ] T o.l
#4
e +20v
2V/ DIV, foebrtnt o
c SENENENENE
Ton SOALSEC/DIV. +aov Rioo A
= RIO! v/I05 I.ou o —
L 33K 7586 | = VI
iﬁg: #1 ECW#
i-— AND GATE —-{ Qo4 i
= 1oV/Div. i
2NI1 754 =17 et
20V RI04 0.2m SEC/DIV.
3.3K
R9O
10K
#2
+a20v (2] s T
@3 1oV/DIV. FiTLﬁ«LﬁHﬁD
2NI204 % l]“ [
) T EmSEC/DIV.
cg3
tee Q/03
ENI7TEL
- -0V =
R83
3.9K
RIB
NOTE %39}(
ON SOME CIRCUIT BOARDS, A
LETTER FOLLOWING THE MODEL MRH —-{00oV
NUMBER INDICATES A CHANGE 563

AFFECTING ONLY THE BOARD
DESIGNATED BY THIS LETTER.

VOLTMETER

SERIES E MODEL 1¢2



je——————————— comparaTOR ———————'

_[—L N
RESET PULSE ov
FROM MODE
SWITCH +iz5v
DC RS
eal Ny 2.7 5771
FROM MODE 4 j4———— CHARGING DIODES -
SWITCH
cz2
Nelel) I
= +300V
7 < R16
18 180K
< R6
19 < 22K
20
FROM MODE
SWITCH
+125V +20V
Q4
2K 398
SR30
1L5M
R +20v ’
y 6.8 w20v > Q34
< Vv I > ZN 1754
¢t X R31 ¢ c3 +20v
I
ZZ/“/"]: 43k 5 22
= R24
c22 3.9k
7 &——————»+300V b\B D24
|
R — (101 il +125v
R22
14— 4125V 2.7k
12 ¢ v53
+20V 6Cw4
13 ¢
R42
2.7k

RIT
27k
D44
R53
= 2 2K
S RS54
75K
CLOCK IN (FROM o ﬁ: QR43 i
VOLTMETER 16 |
BOARD) 2N 404 ~100V
TO ’ =
ist. SLOPE 4
SWITCH
TO
2ud. SLOPE 5
SWITCH + 20
OUTPUT (TO J L +1
MASTER GATE) 2 -
+ TYPE 6RI A



+20V +125V

ReB RG7
56K 200¥
D
cé68 Dé&8
a7
L »l
ES »| (g SLOPE MULT!. >
+20v  +20V +20V 125V +20v
RS7
100
+20V
SR
3.
R24
3.9¢ = =
D24
+125V +128V +20V
Q94
51
ok 2/ 404
vs3 ess c 90
39
6Cw4 % soK
[ AAN—4
R90
47 > RS2
, 3sex
g
\ D44
- 2 R53
‘ 12K RSS
100 054
ANI304
RS54
75K =
D52
100V Zma
i coz
0.1
1 csz
IO.I
R84 (L
SEE PARTS LIST FOR EARLIER Z-z"i
VALUES AND 5/N CHANGES OF N
PARTS MARKED WITH BLUE N —
OUTLINE 3
poddy SIGNAL COMPARATO
A ON SOME CIRCUIT BOARDS, A R
LETTER FOLLOWING THE MODEL SERIES D MODELS €2

NUMBER INDICATES A CHANGE
AFFECTING ONLY THE BOARD
DESIGNATED BY THIS LETTER.



F————-— COMPARATOR “———Fl _,—|— +20

RESET F'IJLSE.I oV
FROM MODE

SW320 -5R

R7
27K
Q<
2N 398
FROM MODE j#——— CHARGING DIODES -
SWITCH 8 CHAR o
PIN 8
INPUT
+300V
PIN JACKS
RIG
180K
PIN ©
INPUT
FROM MODE
SWITCH
Q/4
2NMN398
17
< +125V +20V
18< +125v
19 ¢
20( R I 4
20v
" o.8 +20v Q34
E 2N 1754
cr +20V
tiw T
= 3 4 R24
c22 3.9k
7 &= +300v ©8 D24
10 - 100V ) I +izsv oVt
R22
14— 4125V 2.7k ﬁfs
N I it ] D23
i ! ek B - RSO
12¢ O.5V/DIV. = =~ s B~ oo VS 3
e . +20V
13 < 2mSEC/DIV.
R4z
15 2 2.7k
v53 RI17
7%
to
3 10
Vi4
12
10
va LR =
12 2V/DWV. }
6 ;;;r - el
ImSEC/DIV.
CLOCK 1N (FROM (;,/ Q43
VOLTMETER 16 - A 404
BOARD) —100V
TO =
lst. SLOPE 4
SWITCH
To
Zud. SLOPE 5 &
SWITCH +20
OUTPUT (TO J L +1
MASTER GATE) 2 gt
S (L ouTPUT WAVEFORMS were oaTAINED
UNDER FOLLOWING CONDITIONS @
MODE .« viteeevennencnnss TIME

+ TYPE 6RI A



+20V +125V

R68 Re7
56K $ 200k
)
7
ceéo D68
47
-l [ >l
33 > s SLOPE MULTI. >
+20V  +20V +20V +125V +20v
R37 Q75
100 3 28/ 404
Qo4
201754
+20V
+125V +20V
R&62
56K S
ce2
100
+20v
> RG!
3.9k 2.2
R24
3.9k = =
D24
" +125V [T el *Jr +125V 120V
1t ;
1ov/ow. | m ol 4{ ‘ T
vy | 2ol Qo4
2m SEC/Div. 220K 2/ 404
vs3 c 90
6CWw4 ? Pia 39
3.9k
[l:] S/v—<
R90
47K RS2 -
S5k
. RS5
= = 100 Q54
L 1 1 1 (24 7304]
" ImSEC/DIV. RS4
75K =
D52
-100V Zma
L coz
I 0.1
1 c82
IO.]
R84
2.2
SEE PARTS LIST FOR EARLIER
VALUES ANO S/N CHANGES OF UN .1
PARTS MARKED WITH BLUE se2 -
OUTLINE
NOTE
A ON SOME CIRCUIT BOARDS, A SIGNAL COMPARATOR
LETTER FOLLOWING THE MODEL
NUMBER INDICATES A CHANGE SERIES D MODEL 3

AFFECTING ONLY THE BOARD
DESIGNATED BY THIS LETTER.



+20

—

ov
PRINT COMMAND

rﬂ———————— RESET AMPLIFIER ——D'<— DISPLAY TIME MULTI

13
ouT +i2sv +12av +125v
14 é—-—» +125Vv %
RIG
% 43K
16 <
17 < +126v it
+230 cie
Helel]
. Ga4
pazs 2N3F8A
c
Q23 R24 5
+125 /5/-059 100K
RESET PULSE ¢ L
ouT N n =
%2? R27T - MY ' V/S
. 22K
TO DISPLAY |, .
TIME CONTROL) o
+ 20 - -
R2 p2
ov 10K
~GATE FROM g AL
(RESOLUTION SWITCH) d2 +20V +20V
+20 160
RS
D3
ov 10K
+GATE 9 n
(FROM O% ZOMNE) < 1l
¢3 D5 RT
+20 >
10— —100V 2 82
oV -
(FROM START 100V \
COMPARATOR) ca2
+ 20 100
ov [ sTOoP MuLTIVIERATOR —————————|
-0°/, ZONE . H—
OR VOLTMETER +125V +i25V c42
RESET PULSE +20V 230
+2ov  95S Qes
v 20 2NIT54 2NIT
RS2
ov 56K
- Q% ZONE AL
OR VOLTMETER 20 i v >
RESET PULSE $52 ps2 R35 cse ces
+20 7 2.2K 120 120 R50
R62 o0
ov 56K = —AA—
(FROM STOP I
COMPARATOR) '? € n Dl
ce2 D62 RGS
+20 100 2.2Kr
START-STOP +2 )
(TO ANALOG 18
DISPLAY)
+20
[LAELEREALE o crock suaPIG Ame
cLOCK IN 4 et
+20V
" 983
6.8 R
i AA— > + 20V
+
+20 “% 22ur 21/7754
- R&3
ov 1o° R74
cLock QUT 8§ 2.2K
R93
100 =
s * @93
2\ vis SNITS4
10
&
-1z.2v
TYPE 6RI A



—»,4— DISPLAY TIME MULTIVIBRATOR —_.i

129V +12sy
0 RIS
K 43K
l
K 3\l
v I
ce
.001
CR18

LA 4.7K

VIS
ZRZBK 7586 I——\ANDI GATE ——-|
+20v
+20v
RI7
3.3K R10
1OK Q@/3
2N /304
- k—————— START MULTIVIBRATOR ———————=|
o
@3 +125V +i25V
2NF04 45
) 2NI7TS<4
4 R7 +20V
82K
R40
o i h Si04
+20v 2
5 D32 R35 c36 cae
2.2k 20 120
R42
TOR ——————————] S6K =
At
i >l
128V +125V ca D42 Ra45
+20V 270 2.2k
QR6Ss )
eNI7T54 +20V
R60
10K QRE3
+20v +20Vv 2N/1309
CR6S Q53 .
iZ.ZK EN/I3OE | 2N/304+ )
125V
+20V
R70
————— CLOCK SHAPING AMPLIFIER —————] 470K
Q73
Ti25v \M En/3068]
+20v +20V cTl
R72 +7
I
R7I
Q7% 82K R13
ENITS4 ie.zn(
R74 )
2.2K
= SEE PARTS LIST FOR EARLIER
VALUES AND /N CHANGES OF
PARTS MARKED WITH BLUE
OUTLINE
NOTE
- ON SOME CIRCUIT BOARDS, A
LETTER FOLLOWING THE MODEL MRH
NUMBER INDICATES A CHANGE 563
AFFECTING ONLY THE BOARD
A DESIGNATED BY THIS LETTER. MASTER GATE

SERIES C MODELS 1§22




0% &100% OFF-~ON SW.
(FROM 0% ¢ 100%

INTENSIFIED ZONE SWITCH)

e 0% ¢ 1007 ZONES————

420V
+20
U ov R2
A 100% IN (FROM ok Q3
OR A
A MEMORY) 14 INI304
fq— CHOP ——{
+20 +20V .
RIO
CHOP IN (FROM 0% ZONE) 12 hd P Q/3
2N 1304
Di2
RI3 +20V
"“_‘ r*m 2.21
oV - R20
B 100% IN (FROM 2 10K Qz3
B MEMORY) 2NI304
+20V
R30
+CHOP IN (FROM O% ZONE) 4 oY Rk Q33
P ) IN1304
D32
R33
+20 2.2k
— R40
ov - 10K
-0% IN (FROM 0% ZONE) 8 A
TRACE BRIGHTENING ov
PULSE TO CRT CIRCUIT 7
(FROM START-STOP _
INTENSIFIED ZONE SWITCH) | A 12.2v
START-STOP IN 13 — 33k
oM TER GATE
(FROM MASTER ) M +20 ot T20v
ov
R63
3.9k
D63
el D82
R60
10K
Q63
2N 404
D62
(TO TIMING START ¢ 10 —AA—=+20V
STOP SWITCHES) R62
33K
+20v
R73
3.9k
6125V b73
" E———————#+20V J‘>D
<£R74
3aL— ——»-12.2v 12K
D72
(TO TIMING START & R
STOP SWITCHES) > VWA—- 420V
R72
9 ﬁ 33K
TYPE 6R 1 A



R®2
33K
-12.2v

0% 4100% ZONES———————— |

20V
Q3
~J IN/304
-
+20v
42
,RZK je————— CRT INTENSIFIER ————»
D12
~—{K¢ +128V
20V +20v
Q23 Q94
: 2NI304 2N 404
~ %
Daz
4
<R43
2.2K
R40
oK Q43
b ZN404
-12.2v
RB2
33k START TO STOP ZONE ————— | ——»]
D8z
R8O
ok Q83
2N404
420V -
CR74
i!ZK
> +20V
NOTE
ON SOME CIRCUIT BOARDS, A
LETTER FOLLOWING THE MODEL N
NUMBER. INDICATES A CHANGE 563
AFFECTING ONLY THE BOARD
A DESIGNATED BY THIS LETTER. ANALOG DISPLAY

SERIES J MODEL{



6 > 4125V

7<

8¢ + 230
+125

o

RESET PULSE N 2 <P
(FROM MASTER GATE)

+20V +128v +z0v
3<
Q35
200KS 24/ 404 200K S 24/404
o ). ) =
12 < D38 2
4
ce cl6 c26 c36 —
4 4 =
13< 470 70 70 470
+20V +20V E
14
< R2 R22 R 41
S6K 56K 56K
D2 D22
RS <R2%
2.2K 2.2k
c2 - - caz
PUT 100 D12 100
e ) c22
-gaTe '® 100 D32 ] e
(FROM MODE OR t20 Yl >
RESOLUTION SWITCH) i
ov
f—22ms— RIS S R35
2.2x 2.2k
f—220ms — = owoiv. [ZALEELES = low/mi.”
+20 I .= -1
ImSEC/DIV.
ov
CARRY OUT 4 -t
(TO RESOLUTION
SWITCH)
s <
R
6.8 WAVEFORMS were oeTAiNED
N AN +20V UNDER FOLLOWING CONDITIONS:
[ _I_.w MODE . ... vt TIME
22 - RESOLUTION . ... .... AVERAGE OF
ﬂfl TEN SWEEPS
° : =
TYPE 6R ! A




+i25V

+20V

R37 RS57
oK +128v +20V +20v 200K +128V +20v
@35 +20V
200K S 24404
R58
22k S cs58
[250]
K 1
p3e
RS9
47K
26 c36 = c47 c56 —
0 470 470 470
+20V +20v
R42 R62
1 Y 56K
D42 D62
R45 R6S
2 2.2K 22K
caz = -
100 D52
) ce2
p— P 100 b72
1ow/ow. ! iW _H -} ! ) >
0 e
R35 - SR5S +20v
jl-lk [mSEC/DIV. oK
T ov/DIv. | Fe T =l l”} - R83
EET= R 241304
tmSEC/DIV.
R&3
3.9k
. WERE OBTAINED
ING CONDITIONS
........... TIME
.. AVERAGE OF
TEN SWEEPS
NOTE
ON SOME CIRCUIT BOARDS, A
LETTER FOLLOWING THE MODEL
NUMBER INDICATES A CHANGE
AFFECTING ONLY THE BOARD
A DESIGNATED BY THIS LETTER.

— -
: T T
1oV/DIY. -l A—H ﬂ
ey
IMSEC/DIV.
S R7S
2.2K

SEE PARTS LIST FOR EARLIER
VALUES AND 5/N CHANGES OF
PARTS MARKED WITH BLUE

OUTLINE

JN
563

+10

SERIES I MODELS |1¢2



+235
‘H__ [
+I25I

= - lea.
2 g |
RESET PULSE  8€ -
;Rﬂ
SisoK
RI
6.8
" %+zov
ct t
9 < 224
12 -
13¢
15 ¢ 05
16 ¢ 2N1754
17<
18 {
19< +20V
20 ce cie
ME———— - 425V R2 leo e
56K
4 < D2
5<
S RS
+20 2.2k
cz
CLOCK IN ov o8 = |
(FROM MASTER 7 - ]
GATE) Di2
SRIS
iz.zn
+20V +125y +20V )
Q65 Q75
2N/ 754 2N/754
a H‘
1 +20V
R62
S6K
R70
c62 )
R75 c70
©8 2.2 22
—) A *T0 o
b72 = oR+22~_
10&
c72 .I_
[<X] I
R 80
cso
22
1
*T0 0 .
OR +22 —/—L
+20 I
il
cLock oUT
{TO UNITS
COUNTER)
2

TYPE ©RI



JL.|_

+5
RI7 SR37 +20v SRE7
Sis0K ?IBOK 250K
R38
22K
R39
47K +z20v +125v +20
Q28 Q55
IN/754 2N1754
+20V
c26 c3s c4e cse
100 100 R22 100 100 R42 100 100
56K 56K
D22 D42
> SR25
2K 2K c4z
— 47
c22 AL
47 D32 N {D>5[l
i
1T DD SREE
2.2k
<RIS SR3S
2.2 jLz‘zk' =
+125v +20V +20V +125V
R7)
b74 D44
R70
27K] Q74 Q44
INIT54 21754
SR45
c70 2.2K
22 R72
*70 0 =
OR+22~_ | +12sv +20V
c72 .L
0.1
1 R8I D84
R8O
e Q84
2NMI754 ON SOME CIRCUIT BOARDS, A
LETTER FOLLOWING THE MODEL
c8o NUMBER INDICATES A CHANGE
22 R82 AFFECTING ONLY THE BOARD
DESIGNATED BY THIS LETTER.
ZAK]
*TO O *DEPENDS ON TIME/DIV. 3
OR +22 —/%galz MV/DIV. SWITCHES IN
. PLUG-INS.
R44 < SEE PARTS LIST FOR EARLIER
1.2K VALUES AND S/N CHANGES OF
PARTS MARKED WITH BLUE
— OUTLINE
*70 0 \_/
oR +22 T 55
= JN
- 563
A +1,2,5

SERIES B MODELS 1¢2



- o
CARRY OUT 18 -
TO NEXT COUNTER -~
RESET PULSE
(FROM MASTER 8 T
GATE)
R17 R37
150K 150K
+125V +125V +20V
@5 2
2M1754
+20V \ 025 Q35
241754 2M1
R2
ok /5
2M175«& Eﬁ
D2
R
cz 47
INPUT (FROM 68 DIz
12,5 ClRCUIT 16— )
T T
TO UNITS COUNTER) 25y oo o0
100K
STAIRCASE OUT 2 R3
200K
Q83
2140 4 7
(SELECTED) R8I
= 470K RS RIS R24 S SR25 R34 S SR3
- 2.2k 222K 4.3K 4.3k 4.3k % 4.
[
15
19
5
12
4<
|4%—-—>+|st QI0% QIO7
/57-059 /5/-0569
7<
1o & »420V
R109
' < 375
10
\7
20
6
Q/08 Q/06
2 15/-059 /5/-059
3 ]_
rio8 2RI06
ilso 50
R1IO
i75
TYPE GRI A



5 ="
RA7 RS7 R77
150K 150K 150K
Q75
ZNI1754
+ + +125V + +1 +
125V 20V 045 125 20V 065 +20Vv 25V 20V
2N/ 754 2N 1754
Qas +20V \ 055 +20V
LNI754 2M1754
R38 RS8
22K cas 22K cs8
D38 150X DS8 150
3
{K¢ Toov—H K ooy !
R39 RS9
47K R4z 47¢
c26 c36 L 5"D'jz cas css
100 100 42 100 100
47
i
b D52
R43
100K
4 RrRE63
soK
S SR2S R34 S <R35S 2453’ R44 R55 é RS54 R64 S RS R74 S R75
$ 4.3K 4.3K % 4.3¢ 4.3K 4.3 43K $ 4.3% 4.3K 4.3k 4.3K Sa3k
4 L b s
QI07 Q/08 Q/03 Q/0/
/57/-059 /5/-059 /5/-059 /5/-059
Q/06 Q04 Q/02 @/00
/5/-059 /151-059 15/-059 /5/-059
4
Rio8 <RIO6 CRIOA RIO2 RI00
150 jlso iso 150 150
NOTE !
ON SOME CIRCUIT BOARDS, A
LETTER FOLLOWING THE MODEL N
NUMBER. INDICATES A CHANGE 563
AFFECTING ONLY THE BOARD
A DESIGNATED BY THIS LETTER. COUNTER

SERIES A MODELS 1€2



STAIRCASE FROM
UNITS COUNTER

STAIRCASE FROM
TENS COUNTER

STAIRCASE FROM
HUNDREDS COUNTER

STAIRCASE FROM
THOUSANDS COUNTER

QUTPUT TO
LIMIT-LIGHT DRIVER

*
-1l VOLTS WHEN LOWER
LIMIT~LIGHT (S ON.

TYPE 6RI

13
r,— + 20
+3.0V
10
+4.7V
15
+3.9v

66— p+125V
3&——————»-12.2v

+3.0v
|
-+ 20
Q64
.. 2N 4(
Q74
+4.7V 2N13
14
e T2y i
Q84 +1
+20 28404
R83
+3
+3.0V 3%
1z
Q94
Qo4 ul 2ZNI3T7
2K 404
+125V
RIO3
Q4 39
razy WI377 .
2
D14
+3.9V B
4
‘20 Q24 125V
2N404
rRI123
13 39K
+3.0V
5
@34\
2NI377
TR § Di42
12,2V %2134 %R%
39K 3.9k
-12.2v =l2.2v



Q4 125V
ZN404
R
39K
Q4 w
Q24 = 2N 1377
2M/404 -
+125V
Q34 R23
2MNI377 3ok
D24
= DI
Q44 +125v
2N 404
R43
3ok
s+  \N
Q64 * 2N1377
ZA/ 404
+125V
Q74 5l
2AM/377
D74
>
+125v
QR73
Q94 /15/-059
2M/377 D73
P
D114
— .
QI3
15/-059
Du3
Dz
Dl44
D142 D143 D14 ‘;§f;‘,<
S R4 CR54
3.9k 3.9k N =
-12.2v
12.2v NoTE 12.2v 562
-i1z. ON SOME CIRCUIT BOARDS, A Tle-
A LETTER FOLLOWING THE MODEL LOWER LIM ]T NO'GO

NUMBER. INDICATES A CHANGE
AFFECTING ONLY THE BOARD
DESIGNATED BY THIS LETTER.
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STAIRCASE FROM UNITS +3.9v

COUNTER

+3.0v
15
+20
+3
STAIRCASE FROM TENS +3.9v
COUNTER
+4.7V
1
+ 3.0V
14
+20
+ 3
STAIRCASE FROM oo Ry
HUNDREDS COUNTER
+ 47V

12

© é—————b+l25V

R83

33— »-12.2v 39K
. +3.0v Qo4
2N 404 241377
+125v
+20
RIO3
39K
+3
STAIRCASE FROM P sl Q4
THOUSANDS COUNTER 2N1377
DIl4
+4.7V
2N404
+125v
RI23
OUTPUT TO 9K
LIMIT-LIGHT DRIVER Qi34
2ZNI1377
Q143
2ZN404
* D4t D142
-1l VOLTS WHEN UPPER LIMIT- L
- RI34 R94
LIGHT IS ON. 12.2v Sor %algk
-iz.2v -12.2v

TYPE GRI



Qo =
24 404

+125Vv

39K

ord N

2/M1377
2N 404
+125V
R23
39K
Q34
2N1377
D34
P
2N 404
+125V
R43
39k
Q54
2N 404 2N1377
+125V
R©63
39K
Q74
2N1377
D74
Q73
2N404 /15/-059
+125V pra
D
rR83
39K
Q94
2M1377
Dli4
Q3
/5/-059
D13
Dit2
Di44
[: {1 RI4
D142 Di43 D14
R94 ’ R54 39K
3.9k 3.9K —
-12.2v
N
-1z.zv NOTE: ~12.2v 563

ON SOME CIRCUIT BOARDS, A
A LETTER FOLLOWING THE MODEL
NUMBER. INDICATES A CHANGE
AFFECTING ONLY THE BOARD
DESIGNATED BY THIS LETTER..
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L LAMP |
re DRIVERS =T

*
iv R63

M Q63
2/ 30/

TO MID-ZONE
LAMP

-t
1 &——» 430V
3 &2y

A"

—] [—OV
-2 R20

FROM UPPER-LIMIT " - Ve
NO-GO BOARD o
Q23
* 28404
ov
[ -4 R33
TO UPPER-LIMIT 47
LAMP 14 - VWA Q33
2430/
6 <
7 < Sr23
2.7k
s <
-12v
* ov
L -4 RS3
TO LOWER-LIMIT s - VA 53 > 43
LAMP o Q 2.7k
24/ 30/
‘I [’ ov -12v Q43
-2 R40 2/ 404
FROM LOWER LIMIT 5 P 1ok
NO -GO BOARD
1 <
2 <
+20V
+20 RI3
Q4 w7
ov 2A//37 7
PRIUT COMMAND FROM 2 [
MASTER GATE BOARD bl
9 < il ¥ WAVEFORM IS PRESENT
= ONLY WHEN LAMP LIGHTS.
0 R14
3.3K
-12v
TYPE 6R! A



DRIVER

A A

GATE
R20
10K
Q23
28/ 204
R23
2.7k
Q64 o
2404 =
R60.
68
= Ro4
R43 Ik
2.7k
QR43
R40 E;
lok. 2K 04
+20V
RI3
Q/4 47K
2/2/37 7 NOTE
ON SOME CIRCUIT BOARDS, A
LETTER FOLLOWING THE MODEL
@/3 NUMBER INDICATES A CHANGE
AFFECTING ONLY THE BOARD
m>.2,(//377 DESIGNATED BY THIS LETTER.
Ri4
3.3k
UN
-2V -12v ses
A LIMIT LIGHT DRIVER

SERIES H MODEL |



MANUAL CHANGE INFORMATION

At Tektronix, we continually strive to keep up with
latest electronic developments by adding circuit and
component improvements to our instruments as soon
as they are developed and tested.

Sometimes, due to printing and shipping require-
ments, we can't get these changes immediately into
printed manuals. Hence, your manual may contain new
change information on following pages. If it does not,
your manual is correct as printed.



TYPE 6R1, MASTER GATE BOARD, - TENT. MODEL 3A and 4
PARTS LIST CORRECTION

CHANGE TO:

R72 301-474 470k 1/2w 2%

M?7366,763
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