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OPERATORS SAFETY SUMMARY

Power Source
This product is intended to operate from a power source that applies 120

_volts ac at 60 Hz.

Use only the Step-Down Transformer with Tektronix part number that is
listed in the Accessories section of this manual.

Refer the Power Source servicing to qualified service personnel.

Do Not Opeate in Explosive Atmospheres
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Section 1—Training Labs

GENERAL INFORMATION

INTRODUCTION

The TEKTRONIX Training Lab family of circuit boards provide a source of
typical problem signals that demonstrate the troubleshooting, timing and volt-
age measurement capabilities of a modern oscilloscopes. The signals may be
used to develop measurement and analysis skills needed for the design and
troubleshooting of modern electronic devices.

Two of the Training Lab circuit boards (CRS10 Power Unit and CRS30
General Purpose) are used in the CRS101 Basic Training Lab kit. The CRS30
General Purpose can be removed from the case and replaced with other Train-
ing Lab boards.

The CRS101 Basic Training Lab is shipped with the following standard
accessories:

1 Carrying Case

CRS10 Power Unit Board
CRS30 General Purpose Board
Step-Down Transformer
Instruction Manual

—t bt —h

Different circuit boards can be ordered with the CRS10 Power Unit board
or with CRS101 that will allow the user to custom-design the Training Lab to
meet their specific needs. A brief description of the Training Lab family of
circuit boards are as follows.

CRS10 Power Unit Board

The CRS10 Power Unit board consists of power and clock circuitry. The
power circuitry supplies three different levels of regulated voltages levels that
are used to power other Training Lab boards. The clock circuitry provides
three fixed crystal controlled digital signals of 1 MHz, 5 MHz, and 10 MHz,
and a variable rate triangular waveform.

The CRS10 Power Unit board comes with a step-down transformer that
plugs directly into 90 Vac to 130 Vac power source outlet.
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General Information—Training Labs

CRS30 General Purpose Board

The CRS30 General Purpose board provides both digital and analog sig-
nals for laboratory demonstrations.

The digital signals are available at ECL, TTL, and CMOS levels. The signals
consists of logic, a variable pulse train, low frequency square wave, variable
stairstep generator (D to A converter), and fast trigger pulses.

The analog signals include a sine wave with a glitch, voltage to frequency
converter, low frequency triangle signal, and waveform with variable fre-
quency, amplitude, and slope.

CRS50 TV Signal Board

The CRS50 TV Signal board generates an NTSC interlaced video signal
which demonstrates TV triggering capabilities of TEKTRONIX 2400 series
oscilloscope. It is capable of operating a video monitor.

CRS70 Digital Pattern Board

The CRS70 Digital Pattern board is designed specifically to teach how to
use the functions of the Word Recognizer, Delay by Events, and Boolean
Trigger of the TEKTRONIX CTT optioned 2445 and 2465 Oscilloscopes.

The digital circuitry on the CRS70 Digital Pattern board generates a repeat-
ing series of 16-bit wide digital pattern words. The patterns can be single
stepped or driven by a 1 MHz clock. A series length can be set in multiples of
256 bits, to a maximum of 4096 bits. Both the starting and ending addresses
can be set in 256 increments, from their respective ends of the series.

CRS72 Digital Fault Board

The CRS72 Digital Fault board provide signals with timing errors.The tim-
ing errors are best viewed with an oscilloscope having a microchannel-plate
(mcp) cathode-ray tube (crt) such as the TEKTRONIX 2467 oscilloscope.

CRS90 Builders Board

The CRS90 Builders Board consists of a circuit board that will allow the
user to custom design their own circuits.
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BOARD REPLACEMENT

To remove one or both Training Lab boards from the carrying case, discon-
nect the connectors from the board to be removed and pull up on the four
mounting tabs located at each corner of the board. Remove the board from
the carrying case.

To reinstall the Training Lab board, perform the reverse of the preceding
steps.

SERVICING

Most electrical components can be obtained through a local commercial
source. Before purchasing or ordering a part from a source other than
Tektronix, Inc., please check the “Electrical Parts” list at the end of the in-
formation on the circuit board being serviced for proper value, rating, toler-
ance, and description.

When ordering replacement parts from Tektronix, Inc., be sure to include all
of the following information:

1. Circuit board type.-
2. Circuit board serial number.
3. A description of the part including its component number.

4. Tektronix part number.

REPACKAGING

If the instrument is shipped by commercial transportation, use the original
packaging material. If the original packaging is unfit for use or is not available,
repackage the instrument as follows:

1. Obtain a corrugated cardboard shipping carton having inside dimen-
sions at least six inches greater than the circuit board or the step-down trans-
former dimensions and having a carton test strength of at least 200 pounds.

2. If the package is being shipped to a Tektronix Factory Service Center
for Warranty service, attach a tag to the circuit board showing the following:
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General Information—Training Labs

owner of the instrument (with address), the name of a person who can be
contacted, complete instrument type and serial number, and a description of
the service required.

3. Wrap the instrument with polyethylene sheeting or equivalent to protect
the outside finish and prevent entry of packing materials into the instrument.

4. Cushion the instrument on all sides by tightly packing dunnage or ure-
thane foam between the carton and the instrument, allowing three inches on
each side.

5. Seal the carton with shipping tape or with an industrial stapler.

6. Mark the address of the Tektronix Service Center and the return ad-
dress on the carton in one or more prominent locations.
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Section 2—Training Labs

CRS10 POWER UNIT BOARD

INTRODUCTION

The CRS10 Power Unit Board incorporates three major circuits. They are
the crystal-controlled 10 MHz reference clock circuit, a variable frequency tri-
angle-wave generator, and a line-switching 5V linear power supply. The
power supply works equally well on either 50 Hz or 60 Hz power main fre-
quencies.

STEP-DOWN TRANSFORMER

The step-down standard transformer supplied with the CRS10 Power Unit
board requires 90 Vac to 130 Vac power-source outlet. The transformer pro-
vides an output voltage of 24 V center tapped to the CRS10 Power Unit board
via a connecting cable. The connecting cable is plugged into the three square
pins of J100 located next to the Power switch S100.

POWER SUPPLY LIMITS

The power supply is limited in the available current it can supply to the
signal boards. When using the prebuilt circuit boards, the current is ample, but
when using the CRS90 Builders Board to construct a circuit, the current limits
must be observed. Maximum current for the +5 V supply is 350 mA with no
load on the 12 V supplies; if the 12 V supplies have loads, the +5 V supply
should be limited to an output current of no more than 250 ma. Each of the
12 V supplies can provide a load current of 100 ma with no load on the +5 V
supply; if the 45 V supply is loaded, the output current on the 12 V supplies
should be kept below 50 ma each.

POWER SUPPLY PROTECTION

The power supply on the CRS10 Power Unit board is protected by two 1-
ohm, 1/4 watt resistors (R100 and R102) in series with the input supply volt-
age from the power step-down transformer. Should a major short circuit
occur, one or both of these resistors will open.
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CLOCK SIGNALS

The clock section provides three fixed crystal controlled digital signals
(10 MHz, 5 MHz, and 1 MHz) and a variable rate triangular waveform. All
clock and power signals are connected to the signal board through a 10-pin
harmonica connector and jumper cable.

TEST SIGNALS

This part of the section contains detailed description of the signals found at
the test points. The schematic diagram and the circuit board illustration at the
back of this section may be helpful in locating the test points.

TP L1 and TP L2

The 40V peak-to-peak line fre-
guency signal (see Figure 2-1) from the
center-tapped transformer is the input
tothe +5V, —12V, and +12 V sup-
plies. On the rising edge of the wave-
form there is a flat spot where the
+5V regulator turns on. These test
points can be use to demonstrate line
triggering or to show phase relation-
ships between two signals.

TPAand TP B

The 20V signals at these test
points are half-wave-rectified versions
of the signals at L1 and L2 (see Figure
2-2). TP A is in phase with TP L2 and
TP B is in phase with TP L1. The signal
has a 1.65 V undershoot on the rising
and falling edges. The small step in the
waveform is at the conducting voltage
of the LED and is kickback from the
rectifier feeding the LED. The larger o e .
step is the conducting point of the ' o 5391-04
+5 V regulator. These test points can Figure 2-2.
be used to make power line phase
measurements.
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TP Cand TP D

The two test points are on opposite
ends of a 3 ohm resistor. Using ac in-
put coupling, ADD mode and inverting
CH 2, it is possible to measure the
pulse current going into the —12V
regulator as shown in Figure 2-3. With
the CRS30 General Purpose Board the
current is approximately 85 mA. These
signals are at twice the line frequency
and have some jitter.

TPEand TP F

Figure 2-3. 589105

The frequency divider outputs in the reference clock circuit are used as
drives for other boards plugged into the Basic Training Lab. These signals has
relatively fast transition times and are suitable for rise and fall time measure-
ments. The effect of bandwidth limiting can be demonstrated with these sig-

nals.

TP E—The signal is a 0-5 V, 1 MHz
nonsymmetrical square wave with ab-
errations and ringing from the divide-
by-five network riding on top and
bottom of the waveform (see Figure 2-
4). There is a 0.86 V undershoot on
this signal also.

TP F—This is a 0-5 V, 5 MHz signal
from the divide-by-two network. The
signal has severe rounding as shown in
Figure 2-5 on the rising edge and a
0.65 V undershoot.

5391-06
Figure 2-4.
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TP G

This test point is for troubleshooting
the 5 V supply. The two times line fre-
quency signal as shown in Figure 2-6
has a small amplitude, 0.35 V square
wave with large amplitude spikes,
+3.19V and —1.8 V, that are related
in time to the signals at L1 and L2.

TPH

This signal is at twice the line fre-
quency. It is in sync with the step in the
signals at L1 and L2. The amplitude is
11.15 V with an overshoot of 1.56 V.
See Figure 2-7.

TP I

This two times line-frequency signal
is for the line frequency switching regu-
lator. It is an asymmetrical square
wave as shown in Figure 2-8 with an
amplitude of 1.13V and a negative
spike of 1.05V 2.2 ns past the rising
edge.

Figure 2-7.

Figure 2-8.
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TP J

When this 2V, line-related signal
(see Figure 2-9) goes to ground, the
5 V switching regulator is activated.

5391-11

TP K

The test point can be use to check
the 10 MHz clock frequency as shown
in Figure 2-10. This test point is iso-
lated from the clock by a 1kQ resistor
to prevent loading of the clock circuit.
The 0.61V sine wave has some ab-
errations on the top. The bandwidth
limit feature of the oscilloscope can be
use to removed aberrations from the

) 5391-12
sine wave. Figure 2-10.

TPL

The two times line related signal
can be used to measure ripple in the
5 V supply at the preregulator. There is
a small ac signal (452 mV) with a large
dc offset (6 V) as shown in Figure
2-11.

5391-13

Figure 2-11.
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TP M

The waveform, an 8.45V signal
with 0.8 V of overshoot and 0.8 V of
preshoot on the top, is an intermediate
step in the 5V regulator (see Figure
2-12).

TPN

The 9.6 V, 120 Hz square wave is
riding on a 8.7 V dc offset. This wave-
form has preshoot and considerable
rounding on the rising edge. See Figure
2-13.

5391-15

Figure 2-13.

TP +5V

This +5 V dc level is used to power
boards plugged into the CRS10 Power
Unit board. Current of 350 mA can be
supplied to the other board if no load is
on the 12 V supplies, only 250 mA with
a load on the 12 V supplies. There are
125 mV of 60 Hz and 10 MHz compo-
nents riding on this signal, which can
be used to demonstrate the bandwidth
limit feature of the oscilloscope (see
Figure 2-14).

" 5391-16
Figure 2-14.
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TP +12 and TP —12

These two test points are the
+12V and —12V supplies that feed
other boards plugged into the Basic
Training Lab. Current of 100mA can
safely be drawn if there is no load on
the +5 V supply, 50 mA when there is
a load on the +5 V supply. There are
high-frequency, small-amplitude (40
mV) ac signals riding on the dc offsets
as shown in Figure 2-15. Spikes close
to half a volt are also found on both
12 V supplies.

Pin 7 on Ribbon Cable

The 2 kQ resistor R180 near TP J,
along the left edge of the board, is an
alternate point to probe for this signal.
The triangle wave’s frequency can be
adjusted by the variable resistor R174
in the lower left corner of the CRS10
Power Unit Board. The frequency
range is 225 Hz to 3.49 kHz with an
amplitude of 10.5 V as shown in Figure
2-16. This signal can be used to dem-
onstrate trigger slope and trigger level
controls.

Figure 2-15. "
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ADJUSTMENTS PROCEDURE

The only test equipment required to adjust and to verify the board perfor-
mance is an Oscilloscope with a vertical bandwidth of 50 Mhz or greater with
a 10X probe.

1. Connect the step-down transformer into an ac power source outlet and
observe that LED DS124 is on. If LED DS124 is not on, set the Power switch
S$100 to On position, LED DS124 should be on.

2. Set the test oscilloscope vertical input to 1 V/div with 10X probe, and dc
coupled.

3. Connect the 10X probe ground lead to TP GND (lower right corner of
the board and 10X probe signal lead to TP +5.

4. ADJUST—Variable resistor R145 (back of the board) for +5 V (5 divi-
sions vertical display).

5. Set the test oscilloscope vertical input to 50 mV/div with 10X probe, and
ac coupled.

6. CHECK—That the noise and ripple does not exceed 150 mV p-p (less
than 3 divisions).

7. Set the test oscilloscope vertical input to 5 V/div with 10X probe, and dc
coupled.

8. Set the 10X probe signal lead to TP —12.

9. CHECK—The voltage at TP —12 is between —11V and —13 V.
10. Set the 10X probe signal lead to TP +12.

11. CHECK—THE voltage at TP +12 is between +11V and +13 V.

12. CHECK—Pin 6 of the ribbon cable J102 for a 10 Mhz signal approxi-
mately 2 V p-p in amplitude.

13. CHECK—The signals at TP A, TP B, TP E, TP I, TP J, TP L, and TP
M, see “Test Signals” part in this section for description of these signals.

14. Disconnect the test oscilloscope from the CRS10 board.
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The CRS30 General Purpose Board.
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Section 3—Training Labs

CRS30 GENERAL PURPOSE BOARD

INTRODUCTION

On the General Purpose Board there are three independent circuits. The
first of these begins at TP 1 and evolves to a complex pulse train at TP 6. The
circuitry on Test Points 7 through 24 have frequencies derived from the
10 MHz crystal on the Power Unit Board. The remaining test points: Test
Points 25 TP 27, V1 through V3, and F1 F4, are associated with the develop-
ment signal at TP F4. The various test points include ECL, TTL, and CMOS
signals, as well as a digital-to-analog converter and a voltage-to-frequency
converter.

CONTROLS

Making random adjustments to the controls may or may not have an effect,
depending on whether or not the control is in the circuit being probed. The
user controls only work within the circuit they are associated with. The con-
trols are straightforward and are easy to use.

The schematic diagram and the circuit board illustration at the back of this
section may be helpful in locating the test points, controls, and switches.

On the General Purpose Board there is a three-position slide switch near
the front edge of the board. Behind the slide switch are two potentiometers,
typically a red knob closest to the slide switch and a gray knob slightly farther
from it. In the center of the board is a jumper that can be configured in any of
three positions. Alongside the ribbon cable connector is a four-bit DIP (dual in-
line package) switch. These are all the user-adjustable controls.

The slide switch S240 and the variable resistor R244 closest to it are used
to adjust the frequency of the clock at TP 1 and the frequencies of the signals
on Test Points 2 through 6. The switch steps the base frequency from 710 Hz
in the slow position to 6.9 kHz in the middle to 220 kHz in the high position.
The R244 acts as a variable multiplier of the frequency set by the switch. In
the lower two switch settings, the variable will have a gain of about 13. In the
high position, the gain is only about four.

The INT VAR control R271, works ONLY when the small jumper in the

middle of the board is attached to INT. This control allows the user to adjust a
voltage level within a 0-to-5 Vdc range.

3-1
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The jumper in the middie of the board has a focus labeled V1. When the
jumper is connected to the pin labeled SWP, a 0.00-to-0.75 Vdc swept signal
is applied to V1. When the jumper is connected to the INT pin, the internal 5 V
signal can be adjusted by the gray pot. The third position, EXT, is used with
TP 25 to apply a 0 Vdc to +5 Vdc signal to externally sweep the circuit.

At the upper right corner is the four-bit DIP switch that controls the wave-
form at TP 9. With all switches closed the waveform is a more or less sym-
metrical staircase. WITH ALL SWITCHES OPEN THERE IS NO OUTPUT.
Any other of the possible sixteen settings changes the sequence of the steps
on the ramp. There are several switching glitches at the major transitions that
lend themselves to demonstrations with either a digital storage oscilloscope or
an analog oscilloscope with high-writing-rate crt.

TEST SIGNALS

The test signal specifications given here are representative of typical output
signals and may be considered close approximations of what you can expect
to find, allowing for tolerances in the different test boards and measurement
methods. Dc offsets are expressed as a voltage difference between ground
and closest signal peak.

TP 1 Through TP 6

These test points show stages in the development of the complex wave-
form appearing at TP 6. The frequency of the carrier wave at all six Test
Points can be adjusted using the slide switch S240 and the VAR PULSE
control R244.

TP 1—The clock signal at this test
point is used for Test Points 2 through
6 (see Figure 3-1). The clock frequen-
cies at counterclockwise and clock-
wise positions of the VAR PULSE
control are given in Table 3-1. With
S240 in FAST and VAR PULSE con-
trol in clockwise positions, the signal
rolis off and becomes nonlinear.

3-2
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Table 3-1
Clock Frequencies
VAR $240 Switch Positions
PULSE
Control SLOW MED FAST
cCcw 710.0 Hz 6.9 kHz 220 kHz
CcwW 10.2 kHz 92.0 kHz 855 kHz

TP 2—The signal is a 5 V, fast-rise
trigger pulse as shown in Figure 3-2.
The frequency of this pulse is 1/10 of
the clock frequency. This pulse can be
used to make rise and fall time mea-
surements. The rise time is 12 ns, the
fall time is 260ns. The period is
808 ns.

Figure 3-2.

TP 3—The double burst signal is
good for showing the use of cursors, B
Sweep and X10 MAG capabilities of an
oscilloscope (see Figure 3-3). The last
pulse in the burst can be used to dem-
onstrate the capability of a high perfor-
mance digital storage oscilloscope.

5391-24

Figure 3-3.
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TP 4—The signal at this test point
is a double pulse as shown in Figure 3-
4. A spike may also be found on this
test point. At the lower frequencies,
this signal has a repetition rate low
enough to require either a digital stor-
age oscilloscope or a high-writing-rate
crt oscilloscope to see the spike be-
hind the second pulse.

Figure 3-4.

TP 5—The summation of test sig-
nals of TP 3 and TP 4 are found at this
test point as shown in Figure 3-5. The
first pulse from TP 4 is the last cycle in
the second burst of TP 3. There is a
timing glitch at the summation point
along with some attendant modulation
from the final stage. This waveform is
fairly nonsymmetrical at the high
frequencies.

5391-26

TP 6—A pulse train is found at this
test point with different voltages and
shapes as shown in Figure 3-6. This
complex waveform can be used to
demonstrate oscilloscope features of
cursors, B Sweep, delay time, and X10
MAG. The bursts on the signal are run-
ning at the clock frequency. in the high
switch setting this signal becomes
nonsymmetrical at the upper end of the
variable range.

Figure 3-6.
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NOTE

The frequencies on Test Points 7 through 24 are derived from a 10 MHz
crystal on the CRS10 Power Unit Board. They should be fairly stable
and consistent.

TP 7 and TP 8

The signals at these two test points contain 10 MHz noise that can be
remove by using the Bandwidth Limit circuit of the Oscilloscope. With different
dc offsets, the two Test Points can be used to show the difference between ac
and dc input coupling. Use the oscilloscope ADD Mode to cancel the signals
from TP 7 and TP 8 leaving only the spikes from TP 7. By inverting one of the
channels, the 'signal amplitude doubles.

TP 7—This test point has a sine-
wave signal of 610 Hz, 0.358 p-p am-
plitude with 3,92 Vdc offset and +0.2
spike on the waveform (upper wave-
form in Figure 3-7).

TP 8—The sine wave is a compli-
mentary signal to the one at TP 7 but
with a 0.61 Vdc offset and no spike
(lower waveform in Figure 3-7).

5391-28

Figure 3-7.
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NOTE

The DAC (digital-to-analog converter) output at TP 9 is controlled by the
four-bit DIP switch S230. There are 16 switch settings, with all the
switch settings closed the output is a symmetrical staircase waveform.
With all the switch settings open there is no output waveform. Any other
switch settings will change the step sequence.

TP 9—The DAC output is a 152 Hz,
0.75 V ramp signal with steps 410 us
in duration (see Figure 3-8). This is a
noisy signal that is good for showing
the use of Bandwidth Limit capabilities
of the oscilloscope. There are switch-
ing glitches at the major transitions.
These are useful for demonstrating
glitch catching using either a digital
storage oscilloscope or an analog
oscilloscope with a high-writing-rate ' . 5391-29
crt. The steps lend themselves to cou- Figure 3-8.
pled-cursor (Volts and Time cursors
tracking together) demonstrations for
voltage or time measurements.

TP 10—This 152 Hz trigger pulse
(see Figure 3-9) should be used to trig-
ger the probe at TP 9. The signal out-
put of TP 10 has low repetition rate
(about 7 ms) that may be used to dem-
onstrate the effects of display writing
rate.

5391-30

Figure 3-9.
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TP 11 Through TP 14

These four test points are a series of CMOS divide-by-two networks that
feed the DAC at TP 9. These symmetrical square waves are good for CMOS
voltage level and rise- and fall-time measurements. Figure 3-10 shows the
waveform at TP 11. Waveforms at TP 12, TP 13, and TP 14 may be displayed
in the same manner by setting the test oscilloscope time base to a different
sweep speed.

TP 11—The signal is a 1.22 kHz, 0 W gy AAAGE ik ]
to 5V, having a rise time of 62 ns and . - 12220 gy
a fall time of 54.8 ns.

TP 12—The signal is a 610 Hz, 0 V-
to-5V, having a rise time of 66.8 ns
and a fall time of 63.2 ns.

TP 13—The signal is a 305 Hz, 0 V-
to-5 V, having a rise time of 56 ns and
a fall time of 57.5 ns.

) 5391-31
Figure 3-10.
TP 14—The signal is a 153 Hz, 0 V-
to-5V, having a rise time of 78.3 ns
and a fall time of 166 ns.
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TP 15 and TP 16

Using these two LSTTL (low-power Schottky transistor-transistor logic)
test points in a dual channel mode, you can make delay-time measurements
using Delta Time mode. Figure 3-11 display both signal waveforms from TP 15
and TP 16. The signal from TP 15 is delayed approximately 20 ns from the
signal at TP 16.

Adjust both TP 15 and TP 16 signals for an exact 5-division display. Set the
time base until both signals are spread out as shown in Figure 3-12. Using
cursors, measure the time difference at the 50% point of the waveforms.

TP 15—The signal is 625 kHz,
3.6V, 0.1 us in duration, with ringing on
the baseline.

5391-32
Figure 3-11.

TP 16—The signal is 4.5V, 0.1 us
in duration, reference signal for TP 15.
This signal has similar ringing on the
baseline as TP 15 and it also has some
undershoot.

Figure 3-12.
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TP 17 Through TP 19

These three test points are LSTTL (Low-Power Schottky Transistor-Tran-
sistor-Logic) square waves that are useful for measuring transition times for
LSTTL signals. All three of the signals have some undershoot and ringing on
the bottom of the waveform.

Figure 3-13 shows the waveform as it appears at TP 18 and TP 19.

TP 17—The square wave is a ; — ——
625 kHz signal with a fall time of MoaE 1251415
19.25 ns. :

TP 18—The square wave is a
1.25 MHz signal with a fall time of
19.4 ns.

TP 19—The square wave is a
1.25 MHz signal with a fall time of
20 ns. This signal has 0.5V under-
shoot and more ringing on the bottom -Figure 3-13.
of the waveform than the signals on TP
17 and TP 18.

TP 20 Through TP 24

These five test points are ECL (Emitter-Coupled Logic) signals with appro-
priate levels and transition speeds. The voltage swings are ECL, but the dc
offset is not a true ECL level. The signals at these test points contains ringing
and aberrations on both high and low levels, as well as overshoot and under-
shoot.

TP 20—This signal is converted
from a ECL voltage level to to a TTL
voltage level. Figure 3-14 shows a non-
symmetrical square wave at 2.5 MHz
with a rise time of 36.8 ns and a fall
time of 20.26 ns.

5391-35

Figure 3-14.

3-9



CRS30 General Purpose Board—Training Labs

TP 21 and TP 22—The two signals
are ECL Gates with logic level opposite
to each other. The frequency of the
two signals are 2.5 MHz and 180° out
of phase with each other. The dc offset
is not true ECL, while the voltage
swing is ECL. They can be used to
show the effects of different ground-
lead lengths, which start becoming im-
portant at these frequencies. TP 21
has a rise time of 2.4 ns and a fall time
of 3.8ns. TP 22 has a rise time of
3.35 ns and a fall time of 2.3 ns. Figure
3-15 shows the signals found at TP 21
and TP 22.

TP 23 and TP 24—The two signals
are ECL Gates with logic level opposite
to each other. The frequency of the
two signals are 5 MHz and 180° out of
phase of each other. This signal is use-
ful to show the full effect of bandwidth
limit features of the oscilloscope. The
rise time for TP 23 is 2.14 ns, and the
fall time is 2.34 ns. For TP 24 the rise
time is 1.86 ns, and the fall time is
2.04 ns. Figure 3-16 shows the signals
found at TP 23 and TP 24.

Probe Socket

The Probe Socket J210 is in parallel
with TP 23 and may be used to demon-
strate proper grounding and ground
lead-length effects at high frequencies.
Figure 3-17 shows the signal found at
the Probe Socket J210.

3-10
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Figure 3-15.

Figure 3-16.

Figure 3-17.
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TP 25

This Test Point (EXT VIN) can be used to apply an input signal to the V-to-F
Converter circuitry. For the input signal to be use in the circuit, the small
jumper P270 in the middle of the General Purpose board must be connected
between TP 25 (EXT VIN) TP and V1 (input to the circuit). The signal from the
first V test points to the last of the F test points will be modulated by the input
signal. Using a jumper wire, the input signal could come from one of the other

test points on the board.

TP 26

The triangle wave signal at this test
point is 0.7V p-p, 2.65 Hz, with a
1.23 V dc offset (see Figure 3-18). This
signal is useful in showing the effects
of the Trigger Level and Slope con-
trols. When the Plug P270 is con-
nected between SWP and VIN of J270,
the signal output at this test point is
the sweep voltage that appears at TP
Vi.

TP 27

The signal at this test point is a 0 to
+5V, 2.65 Hz square wave (see Fig-
ure 3-19). Set the test oscilloscope
trigger to normal for a stable trigger.
Use the Vertical dc input coupling to
view this low frequency square wave.

5391-39

5391-40

Figure 3-19.
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TP V1 Through TP V3 and TP F1 Through TP F4

This group of test points show the various stages in the development of the
am-fm signal at TP F4. The jumper P270 in the middle of the circuit board is
used to control which source will feed the input at TP V1. All measurements
given are made with the jumper P270 connected in the SWP position.

TP V1—This is the input to the volt-
age-to-frequency converter. With the
jumper supplying the SWP signal,
there is a 0.75 V p-p, 2.65 Hz signal on
a 1.19 V dc offset (see Figure 3-20).

Figure 3-20.

TP V2—This is an intermediate
step in the V to F Converter. The signal
is still at 2.65 Hz with a 1.13 V p-p am-
plitude on a —1.81V dc offset (see
Figure 3-21).

91-42
Figure 3-21.

TP V3—This is an inverted version
of the same signal on TP V2. The sig-
nal is 1.05 V p-p at 2.65 Hz, but the dc
offset is now —6.34 V (see Figure 3-
22).

Figure 3-22.
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TP F1—The am-fm waveform at
this stage is nonsymmetrical and riding
on a 12V dc offset (see Figure 3-23).
The am envelope varies from 4.6 V to
5.1 V. The fm excursions are from
3.88 kHz to 5.64 kHz.

TP F2—This is the fm trigger pulse
for TP F4. The pulse is coincident with
every negative transition of TP F1. The
fm envelope is 3.88 kHz to 5.64 kHz.

TP F3—The square wave at this
test point (see Figure 3-24) is gener-
ated by the pulses at TP F2. It does
not change amplitude, just frequency:
1.96 kHz to 2.8 kHz. This signal is ap-
plied to a high frequency filter (low
pass). '

TP F4—This signal is the resulting
am-fm waveform that starts at V1 (see
Figure 3-25). A 0.675 V-to-1 V am en-
velope and a 1.96 kHz to 2.8 kHz fm
envelope are generated with the
jumper in the SWP position. When in
INT position, the rotation of the INT
VAR control R271 modulates the sig-
nal. With the jumper across V1 and V
IN and the proper signal fed in, the
waveform can be modulated by an ex-
ternal source.

5391-44
Figure 3-23.

Figure 3-24.

5391-46

Figure 3-25.
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ADJUSTMENTS PROCEDURE

The only test equipment required to adjust and to verify the board perfor-
mance is an Oscilloscope with a vertical bandwidth of 50 Mhz or greater with
two 10X probe.

1. Connect Channel 1 10X probe ground lead to TP GND and signal lead
to TP F4 and set the test oscilloscope sweep speed to 0.2 ms.

2. Set plug P270 between VIN and INT pins.
3. Rotate INT VAR (R271) control fully clockwise position.

4. ADJUST—Variable Resistor R286 (located on the bottom of the board)
for 1 cycle per division.

5. Rotate Int Var (R271) fully counterclockwise position.
6. CHECK—For approximately 1 cycle per 4 division.
7. Set the plug P270 between SWP and VIN pins.

8. CHECK—Signals at test points TP V3 and TP F4, see Figures 3-22 and
3-25 in the “Test Signals” part of this section.

9. Connect Channel 1 10X probe signal lead to TP 1 and oscilloscope
sweep speed to 1 ms.

10. Set the Switch S240, set the switch to SLOW position.
11. Rotate VAR PULSE (R244) control fully counterclockwise.

12. bserve the number of square wave pulses on the crt screen for step
14.

13. Rotate the VAR PULSE control R244 fully clockwise and set the oscil-
loscope sweep speed to 0.1 us.

14. CHECK—That the number of square wave pulses is 10 times or
greater as in step 12.

15. Set S240 to MED position, and repeat steps 11 through 14 using
sweep speeds 0.1 ms and 10 us.
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16. Set §240 to FAST position, and repeat steps 11 through 13 using
sweep speeds 10 us and 2 us.

17. CHECK—That the number of square wave pulses is 4 times or greater
as in step 12. The signal at the upper end rolls off and becomes nonlinear.
Return S240 to MED position.

18. Connect Channel 1 X10 probe to TP 2.

19. CHECK—The Signal at TP 2 and see “Test Signals” part in this sec-
tion for description of it.

20. Set test oscilloscope trigger mode to Channel 1 and Channel 2 X10
probe ground lead to TP GND and the signal lead to TP 6.

21. CHECK—The signal at TP 6 with Channel 2 X10 probe and see “Test
Signals” part in this section for description of it.

22. Set all switch positions of S230 to closed.

23. CHECK—The signals at TP7 through TP16 with Channel 1 X10 probe,
see “Test Signals” part of this section for a signal description at these test
points. If the signals are correct at these test points, it can be assumed that
the signals from TP 17 through 24 are correct.

24. Disconnect the test oscilloscope from the CRS30 board.
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5391.48
The CRS50 Video Signal Board.




Section 4—Training Labs

CRS50 VIDEO SIGNAL BOARD

INTRODUCTION

The TV Board generates an NTSC interlaced video signal. This board was
developed to demonstrate the TV Triggering and Clamp features of the
TEKTRONIX 2400 Series oscilloscopes and it will make pictures on a video
monitor.

VIDEO SIGNALS

The schematic diagram and the circuit board illustration at the back of this
section may be helpful in locating the test points, controls, and switches.

Test point TP 560 is the signal output, and TP 570 is the same signal after
it has passed through a high frequency filter (low pass). This filters the color
subcarrier, 3.58 MHz square wave, leaving a more sinusoidal wave in the
Color Burst. The 3.58 Mhz frequency can be noticed throughout the Horizon-
tal Blanking period. TP 580 is the ground point for the Video Signal board.

The video display switch S520 selects the type of composite video signal
that will be applied to TP 560 and TP 570. This switch has 16 possible com-
binations, each of which has a composite video signal. Only 4 settings will give
a display similar to those found in video test systems. These are color bars,
cross hatch, white box/black border and staircase. The other settings have
little or no meaning on a video display but will work fine for oscilloscope dem-
onstrations and other training purposes.

The video display switch settings for the four meaningful video signals are
given in Table 4-1.
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TABLE 4-1
Video Display Switch Settings

Section Position Display

Closed Color Bars
Open

Closed
Closed

Closed Cross Hatch
Open
Open
Closed

Closed White Box/Black Border
Open
Closed
Open

Closed Staircase
Open
Open
Open

COW>» OOW>» (OCOW>» ([0O0O W >
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Figure 4-1 shows the timing measurement points on the Horizontal
Blanking period. The timing measurement between points are given in ap-
proximate values only.

: II A. Horizontal Blanking 11.14us
| | B. Sync Tip 4.71us
I | C. Back Porch 4.5us
| C fr— D. Front Porch 1.54us
! | E. Breezeway 750ns
| | F. Color Burst 2.31us
e A -

| |

Figure 4-1. 5391-49

The TEKTRONIX 2400 series of
oscilloscopes with TV Triggering dis-
play not only the trigger mode in use
but also the individual picture line when
field triggered as shown in Figure 4-2.

Figure 4-2.

The TV Clamp on the TEKTRONIX 2400 series oscilloscopes can be dem-
onstrated by first using ac coupling while changing the four-bit switch settings.
As the average picture value changes, the signal shifts vertically. When the TV
Clamp is activated, the Back Porch of the signal is clamped at the Ground
reference.

For further information on TV measurements ask for Tektronix Application
Note 38W-5708 “Video Measurements Using 2445 and 2465 Oscilloscopes
with Television Triggering” at your nearest Tektronix Sale Office or
representative.
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ADJUSTMENTS PROCEDURE

The only test equipment required to adjust and to verify the board perfor-
mance is an Oscilloscope with a vertical bandwidth of 50 Mhz or greater with
a 10X probe.

1. Set the test oscilloscope vertical at 0.2 V with X10 probe, sweep speed
to 10 us, and the trigger to TV Lines and Negative Slope for a stable display.

2. Connect the test oscilloscope X10 probe ground lead to TP 580 and
signal lead to TP 570.

3. ADJUST the variable resistor R550 for 5-division display (1V) as shown
Figure 4-3.

5391-51

Figure 4-3.

4-4
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4. Set the test oscilloscope sweep speed to 1 us and the X10 Mag to on.

5. Adjust the Horizontal POSITION control to place the rising edge(s) of
the sync tip on the screen.

6. ADJUST—The variable resistor R544 until the two rising edges coincide
as shown in Figure 4-4 .

7. Use the horizontal POSITION control to place the Color Burst portion of
the signal on the screen.

8. ADJUST—Variable capacitor C543 for a symmetrical crossing at the
50% point of the sine waves as seen in Figure 4-5.

9. Disconnect the test oscilloscope from the CRS50 board.

Figure 4-4. Figure 4-5.
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CRS50 Video Signal Board.

*Component located on back of board.
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5391-55

The CRS70 Digital Pattern Board.




Section 5—Training Labs

CRS70 DIGITAL PATTERN BOARD

INTRODUCTION

The Digital Pattern Board generates digital signals to teach the use of the
Word Recognizer, Delay By Events, and Boolean Trigger functions of the
CTT/Word Recognizer, option 09, for the TEKTRONIX 2400 family of Oscillo-
scopes.

The circuitry on this board generates a repeating series of 16-bit-wide,
digital-pattern, words. These patterns can be single-stepped or driven by the
1 MHz clock. The series length can be set in multiples of 256 words, to a
maximum of 4096 words. both the starting and ending addresses can be set,
in 256-word increments, from their respective ends of the series.

BASIC CIRCUIT DESCRIPTION

A 1 MHz clock input from the Power Unit Board drives three cascaded,
four-bit, synchronous, binary counters U305, U306 and U307. The 12 output
lines of the counters, located on the pins along the left edge, are used as
address inputs to the two, 4096-by-8 bit EPROMs U308 and U309. The 16
data output lines of the EPROMs are latched by two eight-bit latches U310
and U311. The output of the latches are terminated into 2.7 KQ pull-up resis-
tors and are used as the data output test points. These test points are along
the top edge of the board.

An additional circuit provides a variable glitch at a 1 kHz rate. Labeled
Glitch, the pin on the left edge has been used to demonstrate the “Glitch
Capture” feature of the TEKTRONIX 2430 Oscilloscope. The capacitor C350
varies the width of the glitch between approximately 4 ns to 23 ns.

The patterns generated on this board are contained in EPROMSs, and are
as follows:

1. A 1k 8-bit-wide, Gray Code (output of optical encoder with 256 position
resolution).

2. A 1k, random, digital-logic-circuit output.

5-1
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CONTROLS

The schematic diagram and the circuit board illustration at the back of this
section may be helpful in locating the test points, controls, and switches.

The controls on the Digital Pattern Board are the five-bit (S302) and the
four-bit (S303) Dip (dual in-line package) switches, and a momentary switch
S301.

The first through fourth bit of SW302 controls the starting address of the
12-bit counter. The four-bit switch, SW303, controls the ending address of the
counter. To avoid erratic behavior, do not set the ending address to occur
before the starting address.

When Bit 5 of SW302 is open, the 1 MHz clock is disabled and the single
step function becomes operable. This function is stepped by pressing the
momentary switch, S301. The LEDs (DS302 through DS313) show the state
of the counter and can be read directly while in the single-step mode. When Bit
5 is closed the clock overrides the single-step mode and causes the LEDs to
change too quickly to be read.

ADDRESSES

In Hexadecimal and with the appropriate switch settings for the four 1k
blocks, the start and stop addresses are given in Table 5-1.

Table 5-1
S§302 and S303 Settings
Switch Positions?

S$302 S$303 Address Description
1 2 3 4 12 3 4
0 00O 00 11 000-3FF Gray Code
0100 01 11 400-7FF Available
1000 1011 800-BFF Random Logic
1100 1111 CO0-FFF Available

a0 = Open, 1 = Closed

5-2
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To determine the switch setting for a specific starting or ending point, the
most significant digit of the HEX address needs to be converted to binary. The
resultant four-bit string is the switch setting for the address in question. This
can be easily seen in the addresses and settings for the first two blocks
above.

Parallel to the left edge of the board is a row of pins P302. These are
numbered (front to back) 1 through 17. It should be noted that counter ad-
dresses 0-11 start at Pin 5 and go to Pin 16. Along the top edge of the board
is pin group P303. These are numbered 1 through 18, beginning on the right
and counting to the left. The EPROM (Erasable Programmable Read Only
Memories) outputs begin at Pin 2 for address 0 and end at Pin 17 for address
15. Pins 2 through 9 are the low bits of the two EPROMSs and Pins 10 through
17 are the high bits.

EVENTS EXERCISE

Trigger on the Framing Pulse. Use the Clock as the event which delays the
B trigger. It is now possible either to walk through the EPROM output one
clock cycle at a time utilizing Delay By Events or to go to a specific clock cycle
on the counter. The Gray code has an interesting output on the “LO” EPROM,
the one on the right side of the board.

ADJUSTMENT PROCEDURE

There is no adjustment procedure for the CRS70 board.






€€ X08 0 d

H3YNLOVINNYIN OL H3IGWNN 3000 '"H4dW - X3AN] SSOHO

04LSHO - sued ajqeddeiday

52509 11 3ONUY9 ) I IAQUITIIH L9S INI TIIHAGSO €018
005 X08 0 d
22026 ¥0 NOLYIAU3E 36 HL1JJI¥9 M S 006k IND XINOWLNBL 60008
€1226 1) INIAYI 3A0 NBXITTIR LEBOL dd0d WHOY  89AlS
S6L09 11 SUNBNNUHIS AXd 31015 3 ¢26 d¥03 /YITUING/ NOJIHIIN  0B9SS
OMOLL AN W¥Ud ALID N3O¥DO 3AY NOLINS EL INI SJINGYLDI3 NUKOODO-3NOUYIS 63225
SK3LSAS YOLJINNOI INGS N0
LLOZL Bd TIIH dNED 3N ¥3INH O ONI 03 ONU SUNOR3N 30 1 3 INO N0 92522
02 SdITIHd NUDIU3NY HLEON b
29092 X1 ST13M TANIN 092 X08 0 d INT WLI313/0043N  LOZ6L
98006 12 ITUAANNAS SIN0YY 3 118 403 SILLINOIS  H2EBl
LL2Gh NI 3NN38 0U0¥ J¥ud 90N INI 3Ni38 40 510 9€ZLL
85120 UM NOLM3N NV 3WCIIAIY Sl ONI SININOHOD ¥ ONU D €SEBO
dnoY9 YOLINONOIINGS
80058 2 XINIOHd 03 T13M00OR 3 5005 INI UI0Y0L0K  ELIBO
298 X08 0 d
2862 S HOYI8 T1LUAN HLNOS 3AY H16L di02 XAU 40 AIQ SIINUM3D XAV ZZ2w0
1d30 S13N004d ¥01INONOD-1N3S
LZ0EL AN N¥neny 1S 3353N39 M 0 J1410313 043NBY  80SE0
64 S/K 210522 X08 0 d dNOYS Y0LINONOIINBS
59262 X1 SUTIV0 AUMSS3¥dX3 TUMINID N 00SEL INI SINBANUISNI SUX3L  S62L0
B0ZES M I]INOMIIN 1S ONZ HINOS 102 0 A3I0WE-TW  L2Li0
SO0LZL Ud UNBSTHYGH 809€ X08 0 d NI dRU 62200
opoy diZ "I9yels 'AND SsauppyY J21nyoeinUeiN apod
BN



0.SHD - sued o|qeaseiday FT

v60z 111 S62L0 XUW UNOR WNOGS' 034:010 ONILLING 11 00-1E0L-0G) 60ESO
v60z 111 S62L0 XU UNOH WNOSS' 03Y:010 ONILLING 11 00-LE0L-0G1 80£S0
¥60Z 111 S6ZL0 XU WO WNOSO 03Y:0I0 ONILIINA 11 00-1€0L-0G1 20ESO
¥60Z 111 S6ZL0 XU UWOR WNOSS'03¥:010 ONILLING 11 00-L€0L-051 90ESO
v60Z V1L 56210 XUW UNOH WNOSS 0381010 ONILLING 1D 00-L€0L-0G1 S0Ese
¥60Z 111 56210 XUR UNOY WNOGO' 038:010 ONILLING 1D 00-LEOL-0GL #0ESO
v60z 111 S62L0 XUW UNOR'HWNOGS 033:010 ONILLING 11 00-LE0L-061 £0EST
v60z 111 S62L0 XUX UWOD WNOGO 0381010 ONILLIN 1D 00-1€03-0G1 20850
v60Z 111 S62L0 XUW UNOH WNOSO' 03Y:010 ONILII 11 00-1E0L-061 LOESO
(2GLNL) 226200  80GEOD AOE"UNOSL AOE 1S MSI107 A0 ONODIN3S 20-151L0-261 05EYD
00181029  69/25 AOOL " 4d08L-0L 21150147 BUA" dbiD 00-9520-182 0%6€)
UOWP0L3SOZUN 22280 A0S %02” 4L °0: 2115874 OX4 " dbD 10-5220-182 ZLED
UUNROLISOZUR  Z22h0 A0S %02° N1 " 012115874 OX4 " dbd 10-6220-182 L1€D
YOUNBFOLISOZUN 2220 A0S’ %02° 401 °0: 21150147 0X4 " did 10-5220-182 612
UUNBPOLIGOZUR 22280 A0S’ %02° N1 0521150147 OX4 " dtd 10-6220-182 60€
YUNEOLISOZUN  222h0 A0S’ 202" 4NL°0:211St1d" OX4" db) 10-6220-182 80€D
UUN0LISOZUN  22Zh0 A0S’ %02° 301 °0:214S074" OX4 " dud 10-5220-182 20€2
UUNR0LIGOZUR  Z2Zh0 A0S %02° 401 °023115W1d" 0X4 dtd 10-5220-182 90€2
YUNROLIGOZUR  222H0 AOS"%02° 4n4 022115014’ 0X4 " dtid 10-5220-182 5062
YURROLISOZUN  222h0 A0S %02°3N1L°02311St1d" X4 dud 10-6220-182 #0€D
UUWROLISOZUR  222h0 A0S 202”401 "0 2115814 0X4 " dvD 10-6220~182 £0€2
YUNBOLISOZUN  ZZ2H0 A0S’ %02° 304 012115t OX4 i 10-6220-182 2062
¥3100L34070  089GS AS2' %0L-0G+"4N0L 2171127137 0X4 " di3 00-#080-062 1063
"ON led "HW apod :O_uatowwﬂ 2 SweN juodsg BANO3HT ‘ON Jsed ‘ON u.._Q:OQEOO
‘N ‘ON A|qwoassy//ienas XIUOAND |

©



1218d  £GE60 HOW'JUGLL UL " L0dS HSNd HILIMS 00-5821-092 L0ES

3004 3-rSZYIN  899/G M5Z°0° %G WHO 001 W114°OX4"S3Y 00-10L0-5L€ 05£Y
AL ZU-10L-0S2  9EZLL MOSL 0 %G WHD ¥2°2°6°1 470%4"MMIN S3Y 00-0690-20¢ SLEd
AZY¥-18-062  9£ZLL Z-OLM LY Z'1HD xN~N"_u “0X4 AMIN S3Y 00-360L~20¢ 21Ed
AZY-18-062  9EZiL Z-OL'M LY ZWHD ¥Z°2: 14°0%4" MMIN S34 00-3604-20€ LIRS
Z0L480L  1ZLL0 ML 0L WHO L (2) <14 "0X4AMIN S3Y 00 b50-20¢ SLEY
Z0Lb80L  1ZLL0 ML Z0L “WHO M4 axd “IMIN S3Y 00- 4 b50-20¢ bLEY
AL Z¥-1L0L-0S2  9EZLL MOSL 0" %G WHO 42726214 0X4 MMIN S3Y 00-0690-20¢ £4E4
AZY-10L-062  9gZiLlL xarcﬁzsxuuammﬁxszmm 00-0590-20€ ZLEd
J004Z03£€05  LOZ6L 01=31"MG2ZL "0 %L "WHO M0O°Z:W114'aX4'S3y 00-2220-12¢ Z0gY
J00%Z03EE0S  LOLBL 01=)1"MGZL 0" %L "HHO NOO'Z:¥114’0X4'S3d 00-2220-12¢ IR0
(8L 40 ALIINUND)
9€0-£828 92522 Td 019 748 S20°0 X 7 G9E°0:NId TUNIWIIL 00-8090-LEL £0Ed
(21 40 ALIINGND)
9E0-£878b 92622 Id 019 788 S20°0 X 1 G9E°0:NId TUNIME3L 00-8030-1£¢ Z05d
(0L 30 ALIINUND)
9£0-£8280 92527 Td 019 748 S20°0 X 7 G8E°0:NId TUNIWM3L 00-8090-1£L L08d
00-Z€26-512 60008 A8 NOTAN 10 £8L°0:4NLS4 " 43ONMTd 00-2£28-612 0d
00-6680-8v€ 60008 X8 NOTAN'OI 28L°0:4NLSH " 13nW0uS 00-6980-8b€ 09
1602 111 S62ZL0 XM UNOD WNOG3 03010 ONILLING 11 00-4L£0L-05L £1£50
v60Z 111 66ZLO XUN UWOb WNOGS 034:010 ONILLING 11 00-4£0L-0SL Z4£50
60Z 111 66210 XUM UMOb WNOGS' 0337010 ONILLIWG 11 00~ £0L-0GL LLESQ
v60Z 111 56210 XUK UMOb WNOSS034:01Q ONILLIWZ 11 00-1£0L-D5L oLEsy
‘ON Wed "5JN  apoD uonduIdsag ¥ oweN JU00SQ 9ARd9l3 "ON Hed ON jusuoduio)
g 'ON Alquassy/lenas  xiuonya)

0/SHO - sued ajqeasejday



00-€€62-961 60008 N-€77 G2°L°OMY 9237021311313 0V 00-E€62-961 Li
00-2£62-96L 60008 N-2'1 62°L'OMY 8Z:1¥2138133713°0u3 00-2€62-961 oM
00-1€62-96L 60008 N-L'7 G271 OMp 9237801813313 0v 00-1€62-961 0K
ENRJESTRINS  GBZLO 44 91¥L 3903-0-10100:7190° LIIOYIIN £0-2860-951 LiEn
ENRLESTHINS  G6ZL0 44 9I¥1 3903-0-109130:7190° 1400431 €0-2860-951 oLEn
00-€ERLE-09) 60008 NO¥d KOUd 8 X MhiTL90° INDI0YIIN 0G-ERLE-09L 60en
00-Zrie-09L 60008 HO¥d WOYd 8 X Nii1190° LND0¥IIN 00-Zhle-08L 8oen
€4 NUEGLSININS  GBZLO  ¥IND ANUNIS 118-h SNONOBHONAS:I1L00" INI0HIIN Z0-4820-951 20€En
€d NUEQLSTHINS  SBZL0  YIND AYUNIS LI8-b SNONOUHONAS:1L196 INJ0YIIN 20-1820-951 s0en
€d NUESLSIHINS  GBZLO YIND AYUNIS L18-% SNONOYHINASIIL9G INI0HIIN 20-4820-961 S0EN
EINOESTHINS  G6ZL0 3109 ONUN dNI-8:1190° L4D0UIIN 20-58#0-951 $OEN
(0r300N) 00RZOR €110 3109 ONUN L1NdNI-Z OUNB: 1190 INI0¥IIN 00-2021-951 €0en
SONELSTHINS  €L2H00 N33S 33 A-r 0N0:1L90" LNIOYIIN 20-28€0-96) 20En
8NCOSThIN  hEEsl 3109 YON dNI-Z QUND:1190° INICYUIIN 20-E8€G-951 LOEN
0-£6608€-1 62200 7d NIL S5t48°3dUHS-4 NN0J:I313 ' LIUINGD 00-1921-1€L €0Edl
0-€5608€-1 62200 14 NIL SSU¥8°3dUHS-4"NN0J:3313  LIBINGD 00-1921-LEL Z06Edl
0-£66086-1 62200 1d NIL SSUY8”3dUHS-3"NNOD:I313" LIBLINOD 00-192L-LEL LOEdL
#0859 €20i8 JOAOE" UNSZL " 15dS (1) 1¥3NI08 HILIMS 00-5961-092 £0€ES
$608594  £20i8 15dS" 5243008 HILINS 00-2281-092 20€ES
‘ON Hed "N dBpOD uonauosag 9 sweN juodsg 9ANO9Y ] "ON Hed °'ON juauodwo)d
‘T MN ‘ON Alquiassy/ieliss XIUOIPID |

0/SHO - sued ajqeaoeiday

5-8






CRS72 Digital Fault Board—Training Labs

The CRS72 Digital Fault Board.
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' | Section 6—Training Labs

| CRS72 DIGITAL FAULT BOARD

INTRODUCTION

The CRS72 Digital Fault Board provides signals with timing errors. The

( A timing errors are best viewed with an oscilloscope with microchannel-plate

[ (mcp) Cathode-Ray Tube (crt) such as the TEKTRONIX 2467 Oscilloscope.
These errors replicate timing errors that can be found in real-life situations, but

£ in a more repeatable form. The types of errors include noise-margin and tim-

i ‘ ing-margin violations, clock corruption, and faulty state transitions.

4

The six separate circuits on this board are both ECL and TTL. To reduce
( - power consumption, the +5 V supply is switched between either the ECL eye
( i pattern or the TTL circuits. The exception to this is the clock circuit of U19,
which is on whenever the board is plugged in and the power supply is turned

on.

CONTROLS

There are only three adjustable controls on the board. These consist of two
slide switches S1 and S2 and a variable capacitor (VC1).

f__

{ “ The variable capacitor VC1, at the top of the board, adjusts the amount of
jitter (metastability) in the signal found at TP 5. Capacitor VC1 has enough
range, so that most oscilloscopes will be able to observe the metastability in
. the signal. Oscilloscopes with mcp crt will easily display metastable events
1 L that occur too infrequently for other oscilloscopes to show.

Switch §2, on the right edge of the board, supplies power to the ECL eye
) pattern when in the down position. The TTL circuits are turned on when S1 is
{ / in the up position.

) Switch 81, in the middle of the board, selects either an automatic switch

{ generated by U19 when in the down position or when in the up position a
f manually operated switch caused by a closure on J4. Switch S2 is used in
conjunction with a cable connected between J3 and the mini-plug connector

on the back panel of the TEKTRONIX 2467 Oscilloscope, labeled

[ ‘ “STEP/AUTO EXT SWITCH", to drive the front panel recall feature of the
‘ TEKTRONIX 2467 Oscilloscope. When attaching this cable to J3 make sure
that the arrow on the connector and the arrow on the circuit board coincide.

6-1



CRS72 Digital Fault Board—Training Labs

OUTPUT SIGNAL DESCRIPTIONS

The waveforms accompanying the text are from a TEKTRONIX 2465DVS
Oscilloscope. Waveform of the faults as displayed by TEKTRONIX 2467 Oscil-
loscope, are included with the test points having errors.

The schematic diagram and the circuit board illustration at the back of this
section may be helpful in locating the test points.

TP 1

The output of Flip-flop U1 provides a metastable signal to TP 1. Inputs to
U1 come from two crystals. At 16.0 MHz, Y1 is the data input; at 19.66 MHz,
Y2 is the clock input. These nonsynchronous signals create setup and hold
time violations causing a faulty output on TP 1. Figure 6-1 shows the wave-
form that will be seen by most oscilloscopes. Figure 6-2 displays the fault
conditions that can be seen under the corners of the signal using the
TEKTRONIX 2467 Oscilloscope. This type of fault might be found where asyn-
chronous signals interact, in synchronizing systems, or in VSLI chips respond-
ing to an external event. The rate of transients can be increased by changing
X1 to a 25 MHz-t0-30 MHz crystal.

Al |18|V
/
Al
Al
» /1
1 10ns
539158 . 539159
Figure 6-1. Figure 6-2.
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l ‘ CRS72 Digital Fault Board—Training Labs

( : TP 2 Al 140V
The output of this circuit provides |

an erratic, low-rep-rate TTL pulse sig- [
, nal. The clock feeding the data latch /
has been corrupted by the pulse on TP /

4, causing an occasional fault. The low

o repetition rate of this fault, a 50 ns-to-
l f 94 ns wide 3.86 V pulse, prevents it
from being displayed by a conventional
oscilloscope. A high-writing-rate oscil-

E loscope with a microchannel-plate crt
Q not only allows you to see the fault
(see Figure 6-3), but displays it well

enough to easily make measurements

1 i+ —t—

5391-60
Figure 6-3.

[ on it.
L
{ - TP 3
This 9.8 MHz TTL clock pulse is degraded by the pulse on TP 4. Figure 6-4

shows the waveform that will be seen by most oscilloscopes. Figure 6-5 dis-
[ plays the fault conditions that can be seen using the TEKTRONIX 2467 Oscil-
loscope. This signal is used to clock U2B, giving it the faulty output at TP 2.

[ Al 2odv i
[
A
[] /
\ L 1/
VI /Yy
1y
5301.61 5391-62
Figure 6-4. Figure 6-5.



CRS72 Digital Fault Board—Training Labs

TP 4

This low-rep-rate, negative-going
4.5V, 275 ns pulse is used to degrade
the clock signal as it passes through
the exclusive-OR gate of U9D. The low
rep rate makes this signal extremely
difficult to display on the medium writ-
ing rate oscilloscope. It was necessary R
to do multiple exposures to obtain a Figure 6-6.
usable image on film of the waveform
using a medium writing-rate oscillo-
scope (See Figure 6-6).

- St

5391-63

TP 5

By adjusting the variable capacitor VC1, itis possible to create a setup time
violation. As the setup time is shortened, the output of the flip-flop may make
partial or double transitions. In the extreme metastable condition, conventional
oscilloscopes can display the error as seen in Figure 6-7. When VC1 capacitor
is adjusted for no metastable display on the conventional oscilloscope, the
TEKTRONIX 2467 Oscilloscope will still show a great deal of metastability as
shown in Figure 6-8.

\
WA
v

Vv 10ms

5391-65

' 5391.64
Figure 6-7. Figure 6-8.

e~
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TP 7

The square wave signal at this test
point has no faults, as shown in Figure
6-9. The energy for the square wave is
dissipated through inductor L1 along
with the signal at TP 8.

) 539166
Figure 6-9.

TP 8

The 4V, 200 ns pulse is generated from the 1 MHz signal on the CRS10
Power Unit board. There is cross talk on this signal due to sharing a common
ground inductor with TP 7 signal source. Figure 6-10 shows the waveform that

will be seen by most oscilloscopes. Figure 6-11 displays the distortion that can
be seen on the waveform using the TEKTRONIX 2467 Oscilloscope.

D

..... 5391.68
Figure 6-10. 539187 Figure 6-11.

6-5



CRS72 Digital Fault Board—Training Labs

TP 9

This test point has a double pulse signal on it. Unless the oscilloscope is
properly triggered, only one of these pulses may be displayed. One pulse is
generated when the input rises, and the other is generated when the input
falls. The low repetition rate of this signal makes it good for writing-rate dem-
onstrations. It is also good for the pulse display feature of the AUTO SETUP
button. Figure 6-12 shows the waveform that will be seen by most oscillo-
scopes. Figure 6-13 displays the the double pulse signal using the
TEKTRONIX 2467 Oscilloscope.

A1 085V L

Vv 20ms

5391-69
Figure 6-12. Figure 6-13.

5391-70

TP 10

The signal at this test point is a
9.8 MHz square wave clock signal be-
fore it is degraded by the pulse at TP 4
(see Figure 6-14). There are no faults
on this signal.

Figure 6-14.
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TP 11

The double spike signal found at
this test point as shown in Figure 6-15
is used as the clock for the metastable
output on TP 5. It is directly affected in
amplitude and pulse width by adjust-
ment of variable capacitor VC1. The
spikes are coincident with the state
changes of the signal found on TP 12,

TP 12

The 1 MHz square wave signal at
this test point is generated on the
CRS10 Power Unit Board (see Figure
6-16).

TP 15

The one-bit, two-level signal pattern
as shown in Figure 6-17 is represen-
tative of a computer bus eye pattern. A
50-ohm probe is recommended to mini-
mize loading effect on the circuit. The
test point TP CLK should be used as
the trigger source while displaying the
eye pattern.

5391.72

5391.73
Figure 6-16.

5391.74
Figure 6-17.
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TP CLK

The high speed ECL sine wave at
this test point (see Figure 6-18) is used
as the triggering event for the eye pat-
tern found at TP 15. There are no
faults on this signal.

Figure 6-18.

ADJUSTMENT PROCEDURE

There is no adjustment procedure for the CRS70 board.

6-8
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CRS72 Digital Fault board.
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The CRS90 Builders Board.




Section 7—Training Labs

CRS90 BUILDERS BOARD

GENERAL INFORMATION

The Builders Board is for the user to custom design and build his own
circuits.

Along the upper edge of the board are seven solder pads that can be used
for input signals. These signals, plus ground, from the CRS10 Power Unit
Board are found on pins of J102 as follows:

Table 7-1
Signals on J102

J102 Pins No. Signals

Ground
+5V
+12V
1 MHz
5 MHz
10 MHz
Triangle
—-12V
+5V
Ground

Ol N[ ]|lw |

-
o

The +5V supply is also available on a bus near the lower third of the
board. The ground plane runs around the perimeter of the board and forms a
bus across the lower third of the board. For more information on the signals
and current that are available for the CRS90 Builders board see “CRS10
Power Unit Board” section in this manual.



CRS90 Builders Board—Training Labs

INSTALLING COMPONENTS

The holes on the board are through hole plated and spaced for DIP pack-
ages. Columns of four in the hole patterns are bussed together. One of the
columns of three is bussed together, the other is not.

Near the top and bottom edges of the board are larger holes suitable for
mounting potentiometers. Along the left and right edges are four of the larger
holes that can be used for either potentiometers or for mounting a vector
board onto the Builders Board.
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