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To our Tekscope readers:

Beginning with this issue, 1 new section entitled “New
Products” will appear in Tekscope. It includes the in-
formation formerly contained in the New Product
Supplement that accompanied Tekscope. To simplily
printing and disiribution, product prices are shown on
the atteched inquiry card rather than as a part of the
product description. We invite you to use the card for
further information or a demo of any of the products
discussed.,

The "Classified Ad Supplement” that accompanied,
or appeared as an integral part of, Tekscope is also
availahle through the use of the ingquiry card. We plun,
by this means, to give you more up-to-dite infonnation
on TEKTRONIX instruments our customers wish to
buy or sell,

We trust these changes will increase the value of
Tekscope to you, and weicome vour commen s,
Sincerely,
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bly, and servicing. To meet this need, a rotary switch
using optoelectronic concepts (no mechanical contacts)
was developed. The switching elements were to be
localized in the knob, and the entire assembly was to
plug into the [ront panel. Further requirements dic-
tated a minimum of 30 positions, smallest possible size,
capability of mass production, high reliability and ease
of repair. The end result of many designs is a switch
contained 1 a knob shell 1" in diameter and 34" long.
The separate parts of the switch are shown in Figure 6.
Basically the switch consists of a detent mechanism, a
S-element LED light source, a slotted shutter wheel,
and a b-element phototransistor assembly. The 5-ele-
ment optoeleciric array gives a capability ol 2%, or 32
switch positions.

Both the LED's and the phototransistors had to be
positioned very accurately in relation to one another
and in relation to the shutter wheel. A package was
developed for them with the five LED’s in series tastal-

Fig, 6. Elements of the opoelectronic switch-in--knob that gen-
erates a 0-bit code for control of time/div and (requency span,
{a)y retaiver ring, {(b) phototransister holder assembly, (¢} spacer
ring, (dy shuter, (¢) light batHe, (Fy LED array holder assembly,
{g} spring washer, (h} detent assembly, {i) shaft assembly, {7) knob
shell.

led on a lead [rame, und encapsulated in transparent
epoxy with integrally molded focusing lenses. The
phototransistor chips are also mounted on a lead frame,
wired in parailel, and encapsulated in the same manner
as the LED's. The shutter wheel 15 chemically milled
for economic precision production.

The output of the switch is a b-bit code ar u level
which interfaces directly with CMOS logic. Two switch-
es of this type are used in the 7L5. They are the TIME/
DIV and FREQUENCY SPAN/DIV Controls.

The RESQLUTION, DOT FREQUENCY, AND
REFERENCE LEVEL controls also are knab switches,
but of a different tvpe. They ure circuit board switches,
with the switching elements located inside the knob.
The DOT FREQUENCY and REFERENCE LEVEL

controls are identical except for the number of posi-
tions. They generate a 4-level, 2-bit, gray code as dis-
cussed previously.

Other mechanical techniques contributing to the
outstanding performance of the VL3 include numerical-
controlled milling of the honeycoml: chassis, and chem-
ical milling of mumetal gaskets for effective shieiding
of some areas. A unique U-shaped feedthrough device
reduces cost and complexity by coupling signals be-
tween compartments without the need for cables and
CONMNECLOTrs.

The outhoard chassis on the left side of the 7L5
swings out, providing easy access lor servicing without
extension boards or cables. The entire unit can be dis-
assembled in minutes, into the major components
pictured in Figure 5.

Summary

The 7L5 combines irequency synthesis with digital
technology to produce 2 0 to 5 MHz spectrum analyzer
with exceptional accuracy and [requency stability. Crt
readout of measurement parameters and simplicity of
operating controls assures casy, error-free operation.
Dyigizal storage provides a bright display, and averaging
techniques that allow peak levels and averaged signals
to be displayed 1ogether. Plug-in front-end modules
vield lTow-noise levels und an 80 dB dynamic display
range. Digital controls give precise selection of measure-
ment parameters, simplily mechanical construction,
and speed servicing.
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Bob Beville

Transition counting
with an oscilloscope

_\ fl any people involved with treubleshooting digl-

tal circuits are continually looking for a better
way to do the job. And people building instruments to
test digital circuits are likewise looking for beter ideas
so their instruments niay do a better job. A very power-
ful technique called rransition counting has been used
by some manufacturers of circuit board test equipment,
and a transition counter has now been combined with
the most popular Tektronix oscilloscope, the 165, for
servicing digital circuits. This technique ard this in-
strument are undoubtedly just the kind of “better way”
many people have been looking lor. The tume-saving,
money-saving potential is vast. We would like 1o zell
you about the technique, how we have combined a
transition counter with an oscitfoscope, and what that
can do for two groups of people.

The fArst group is comprised of those who are con-
cerned about the greatr expense ol their inventory of
replacement circuit boards, the long shipping delay for
repaired boards, or, perhups, the red-tape and delay
uncertainty through Gustoms when exchanging boards
between countries. The second group: those people who
are concerned about the high percentage ol training
time required to keep their highly qualibed technicians
fumiliar with new equipment.

Truth tables vs count comparison

Most engineers and technicians become familiar with
truth tables when they first learn about logic circuits. In
school you get a preuy strong impression that the stare
ol an outputis dependent on the cembinauon of HIGH
or LOW states on the various inputs. That is a way of
envisioning the operation of a logic circuit that is like
taking a snapshot . . . it ireezes the acuon. Although
we are aware that the inputs normally change states,
and that the outputs normally change states as a con-
sequence, there is Hite point in wying to envision the
action. The action of going from a LOW to o HIGH, or

[rom o HIGH to a LOW, is simply called a transition.
H vou go from LOW 1o HIGH and back to LOW, you
have had two transitions.

A simple two-input AND giate which has one inpurt
repeatedly going between HIGH and LOW should
have an output which goes through an equal number of
transitions during any interval when the secend input
remains at the asserted level.

By using the signal at the second input w gate a
digital counter, the transitions at the output and at the
first input may be counted and the numbers compared.
Il the AND gate is [uncioning properly the two will be
the same. In other words, with the nght digital counter
and a suitable set of input signals, vou can determine
whether the AND gute 15 functioning properly by
counting transitions.

This principle does not seem very important until
vou realize i¢ applies to complex 1Cs and large sections
ol digital circuits, as well as to individual gates and flip-
Hops. Using the principle, entire circuit boards may be
tested, and {aults wsolated to the compenent causing
the trouble.

If o circuit board 1s tested and found o bre faulty what
then? The rouble may be solated and the faulty ele-
ment identifed and replaced on the spot, using the
same transition counting technigue. You don't have to
be testing boards; you muy be troubleshooting a portion
ol a board, or the entire equipment the board is used in.

"The main duta needed when counting transitions is
a set of numbers showing the proper number of transi-
tions Lo expect at any point. Such data may be written
on the circuit diagrams adjacent o the corresponding
peints. Figure 2 shows a circuit diagram labeled for
using the transition counter technique ol trouble-
shooting.

For the numbers to be valid, the time intervals during
which transitions are counted must be identified. In
most cases such intervals correspond to either the
period ol one cycle of the signal at some point in the cir-
cuits being tested, or the width of a pulse at that [roint.
When a probe 13 connected to the identified point, and
the counter set to recognize the proper gating interval
[rom the signal there, only one other probe is needed:
the troubleshooting probe. With that probe you may
check counts at any other point.

For the gating intervals to be correct and the num-
bers to be valid, the equipment must be operated in the
proper mode. For some equipment the proper mode
mey be u special diagnestic routine. For other equip-
ment it may be merely how the controls and switches
are set, Either way, a few informative sentences, or a
sec-up procedure, can idensily the mode.

So transiton counung depends on knowing three
things: (1) the right number of counss to expect, {2) the
right count-gating time intervals to select, and {3} the
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Fig. 1. Thetop cf a 465 MOD 719A Oscilioscope, showing the con-
trols and display window of a baiit-in digital counter. The oscilio-
scope probes may be used with the counter at the same time they
are used for the scope, Inpurt attenuators for the scope reduce the

right mode of operating the equipment containing the
circuits being tested. The equipment designer is prob-
ably in the best position to supply this information be-
cause of his [amiliarity with the various operating
modes and circuitr funcrions. When the designer has a
TEKTRONIX 65 Oscilloscope Mod 7194, it is no
chore at all for him to compile the informaton. He
merely picks an appropriate operating mode to exercise
most, ii not all, inputs, identifies the count-gating
signal, measures the counts with his 465 at ail the
various points, and logs the counts on a circuit diagram.
Forever alier, troubleshooting is fast, simple, and con-
venient for anvone who has a 465 Mod 7T19A.

The information does not have to be supplied by the
designer. A skilled service technician can do a com-
parable job. Nor does the information have to be com-
piled at the time the equipment is designed. Tt will pay
many service organizations to compile such information
as a supplement ¢o the service manuals they presently
ase. It will ulso pay equipment manufacturers to com-
pile und furnish such data on equipment ntroduced
years ago, if it is stil! being supplied and posing a service
problem.

Mzking a transition counter part of an oscilloscope
makes good sense. Very little extra room or cost is re-
quired because many of the circuits are common. That
says the price [or the combination can be less than a
separate counter and oscilloscope. Of equal importance
to most people is the convenience of having one piece of
service equipment that wiil do most jobs. Even the scope
probes serve a double role. See Figure | for how we com-
bined a transition counter with the 465.

Capturing the counts

The vertical input signals are routed internally to the
transition counter circuits, us well as to the scope cir-
cuits. The transition counter always looks at the signal
that arrives at channel 1 on the dual-trace scope. Transi-
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signals to the right size for the counter when they are the right
size Tor the ot sereen, MOD 719A counts signal transitions not
signal cycles. Signal cycles will be one half of the number indicated,

tions of that signal are what you count. The signal that
arrives at channel 2 may be used to gate the counter on
and off whenever the CH2 GATED pushbutton, or the
CHZ2 PERIOD pushbutton, is pressed.

When the A SWP pushbutton is sefected, counting is
enabled during those time intervals when the A sweep
s moving the crt beam. And when the TOTALIZE
pushbuzton is pushed, counting is enabled each time
the RESET button is pressed.

To count transitions of the signal at channel 1, you
trigger the counter on that signal. To gate the counter
on and oft with the signal at channel 2, you trigger the
counter gating circuits with that signal. Proper trigger-
ing for each channel is indicated by a monitor light
located next to each TRIGGERING ADJUST control,

The scope sweeps don't have to be triggered except
when the A SWP GATE is used for the count gate. But
when they are triggered, you can display the signal
being counted, the signal doing the count-gating, or
both. The channel | and channel 2 VOLTS/DIV con-
trols gavern the amplitude of the displayed signals and,
also, the amplitude of the signals arriving at the counter
trigger circuits. The scope may always be nsed as a
signal nenitor if count-triggering should be difficult
or unstable.

Transition counting can be done using the A sweep
gating signal as the count-gating signal by pushing the
ASWP GATE pushbutton. That allows you to use only
one probe anvtime you can be sure that every transition
you want to count is displayed on a particular sweep. A
continually variable count-gating signal may be simu-
lated by varying the length {duration) of the A sweep.
The length is controlled with the 10-turn DELAY
TIME POSITION control when the B ENDS A mode
is selected. The duration may also be controlled with
the VAR (Variabley TIME/DIV control.

When the equipment is not apt to have a count-







gating signal that is much more trouble-lree than sig-
nals in other parts of the equipment, a reliable gating
sigpnal may be simulisted in the scope by varying the
sweep length. You do that by counting a specilied num-
ber of signal cycles in the equipment, usually clock sig-
nal cycles. An example iy the equipment shown in
Figure 2. The FRAME signal outpur {rom that circuit
woild normally make un ideal gating signal, because
the period of one cvcle {2 wransitions) s properly re-
fated to all the other inpus and outputs. But nearly
any [auly, including the one introduced by lifting pin
5 of 1C U2, changes that signal period and therefore
makes it unsuitable. Instead, the scope is operated in
such & way that a gating signal of equal length is pro-
duced 10 the scope. You know it's the right lengrh when
vou set it to give you the right count of clock signal
transitions.

It is important o note that the particular delect
chosen would not have been detectable with u logic
probe because no output was locked up HIGH or
LOW.

Transition counting can also be done on a oneshat
basis by selecting the TOTALIZE pushbutton and
pushing the RESET pushbutton each time a count is
ready to be made. This mode is very uselul for trouble-
shooting non-repetitive signals, such as you may find in
a caleulator when a particular caleulation is in error,
With this made enly one probe is required.

The DISPLAY TIME conrol will hold and display
any count indelinitely, or enable [resh counting to
occur lrequently.

Noise spikes us wide as 30 ns or 100 ns may be ignored
by & count-pulse width diseriminator pushbutton.

A very unigue and uselul feature is a count COM-
PARATOR mode ol aperating the 105 Mod 719A,
Many gmes circuit troubles are intermictent, so erron-
eous counts only eccur occasionally and, therefore, only
occasionally may be recognized. By storing a correct
count once Lor o particular point, all subsequent counts
for that point may be compared electronically. Any
discrepancy between a new count and the stored count
will immediely be indicated by & NOT EQUAL
hight on the 165 Mod 7194, and the erroneous count
will be displaved until intentionatly replaced.

Even if vou have never used transition counting as a
troubleshooting technique for digital circuits its sim-
plicity and speed will he apparent once vour understand
the principle. The main bortleneck most people per-
ceive is compiling the count data and getting the infor-
mation included in their service manuals and circuit
diagrams. Once you try the 465 Mod 7194 for acquiring
that data you can see how much more time and money
will be saved servicing the equipment, compared to the
investment in acguiring the data.

Complex digital equipment deserves special atten-
tiont in the design and early production stages to prefit
most {rom transition counting principies. Here are the
things to consider doing:

1. Add sockeis, connectors, or special circuiss to ac
commaodate jumper cables, resistors, ROM's, ete., that
are to be part of the diagnostic plan.

2. Characterize the product’s performance early in
the first production stages, with transition signatures
recorded while the product is exercised according to
the diagnostic routine.

3. Document the signatures on the circuit diagrams
and in troubleshooting procedures.

4. Start 2 fauleand-repair reporting svstem.

5. Build a library of erroneous counts and associzted
faults.

6. Document any new signature which is caused by a
circuit modilication.

SPECIFICATIONS 465 MOD 719A

Display: 4 digits: up to 9949 counts.

Input signaf amplitude, CH 1 or CH 2: 10 mV p-p or greater
when displaved over 2 divisions or more.

Input signal frequency: 10 MHz or fess.

Time between transitions: .\t least 50 ns or 100 ns depend-
ing on WIDTH DISCRININATOR sclected.

Gating signal: Chanuel 2 signal period or pulse width: A
SWP GATE durationy munual RESET (TOTALIZLE) .
Count Comparator: Detccts intermitent laulr by storing

and indicating any ¢count thar {8 not equal to the preJoaded
COITECE COMNL,

Triggering Monitor Lights: Indicate when the counter is
triggered on the CH 2 countgating signal and triggered on
CH O signal transitions,

11



Storage
expands your
oscilloscope
measurement
capabilities

Dave McCullough

ast moving events—how do you view them? If the events are electrical
F signals, the best way is 1o use an oscilloscope. For convenient viewing on
a convenrional oscilloscope the signal must have a fairly high repetition rate,
But what il you want to view single events, or slowly changing signals such as
those created by a difference in temperature? Then the conventional oscil-
loscope zlone isii't your solution. You could use a camera, or you could take
advantage ol a storage oscitloscope.

Storage, 1 an oscilioscope, 1s the ability to retain the image ol an electrical
event on thre cathode ray tube, after that event ceases to exist. Image reten-
tion may be for only a few seconds, or for weeks, depending on the type of
storage. Different applications often require different types of storage. To
ensure full coverage of your measurement applications Tekuronix provides
three types of storage:

Bistabie
farfuble Persistence
Fast Transier

Each type has advantages and Iimiations that make one more suitable
than the other [or a particular application. A jook ar the different storage
types applied to typical applications may help you select the one best suited
to vour needs.

Bistable storage

The most important characteristic of Bistuble storage is long retention or
view time, View times range {rom cne hour to weeks, depending on the tech-
nique used to achieve Bistable storage. Long view times allow extended sig-
nal analysis without lear of losing the display. They also extend your ability
to compare signals. Two or more repetitive signals occurring at essentiaily
the same time can be easily compared, but when there is a considerable time
lag between the twe signals, one must be stored unl the other occurs. A
typical application is the need to compare signals before and alter making
circurt destgn chunges or adjustments. In such cases, we need o keep the rel-
erence signal stored, while repeatedly storing and erasing the signal we're
adjusting. For these applications Bistable Split-Screen storage is availuble. In
this type, the phosphor storage screen is divided into two independen[ SECLIONS,
upper and lower, with independent storage controls aliowing you to erase
either hall of the screen without aflecting the other half. This split-screen
capability is unique to Bistable storage where the phosphor s the storage
medium. Jt is not available in the Bistable storage discussed later, where the
storage medium is & mesh.

If you need to display waveforms of siow, repetitive signals with fast rise-
times, that appear as a slow-moving spot traveling across the at, you should
choose Bistable storage. Such a signal Is displayved in Figures 4 and 5 using
two differenc types of storage. When the spot velocity of the risetime portion
of this tyvpe of signal Is approximately twenty times the horizontal spot vel-
ocity, vou will find it difficult 1o get a sutisfactory display using Variable Per-
sistence storage (see Fig. 4y . Adjusting the Variable Persistence storage con-
trols will only cause the horizontal line to bloom more (at one extreme) or
cause the risetime to disuppear or [ade quickly (at the other extreme) .
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Servicescape

A potpourri
modificatit
and service
hints

THREE EASY MODIFICATIONS TO MAKE YOUR 465
OSCILLOSCOPE DO SOME JOBS BETTER

When the 465 was designed, some special performance
features were omitied because they would be of little
or no value to most customers. But {or those who need
the feacures and are able 1o make the mods themselves
we can offer parts and instructions. Mod descriptions
follow:

Equalize X-Y Phase to 2 MHz

By adding two resistors, two capacitors, and a small
variable inductor you can modily the horizontal detlec-
tion circuits so the phase dilference between the hori-
zontal and vertical deflection circuits may be adjusted
to be less than 3 degrees 1o 2 MHz The circuit card
where the parts are installed comes with holes to make
it easy to install the additonal components. The com-
ponents are located next to the X Gain adjustment pot,
R1215. Resistor RI1211, in the original arcuit, is re-
moved and discarded. The changed section of the cir-
cuit diagram is shown in Fig. 1. Following is the list of
required parts:

1-321-0077-00, Resistor, 62 0, 195, 13 watt
1-283-0594-00, Capacitor, 1000 pF, 19, 100V, mica
[-114-0278-00, Inductor, 4.5 to 12.H, variable
[--288-0672-00, Capacitor, 200 pF, 19, mica
1-317-0151-00, Resistor, 150 Q, b9, Lg watt

1 kHz Caiibrator Frequency Made Accurate to ~1%
This mod requires adding a small potentiometer and
changing five resistors and one capacitor o have a dif-
ferent value, tolerance, or temperature stability. The
amplitude calibrator signal may then be set to precisely
1 kHz and used as a timing relerence for sweep calibra-
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Fig. 1. Components within dashed lines replace R1211 on original
diagram.

tion checks as well as a voliage reference lor vertical
deflection checks. The following capacitors and resist-
ors are needed and used to replace those used in the
original circuits:

1-285-0758-00, Capacitor C15%2, .05 uF, 297,

400 V Poly carb

1--321-08565-09, Resistor R1591, 61.9 ko, 197, 14 watt
1-321-0381-00, Resistor R1592, 40.9 kg, 197, 14 watt
1-321-0268-04, Resistor R1503, 6.04 ke, 197, 14 watt
1-321-0885-00, Resistor R1594, 100 kg, 19, 34 watt
F-317-0622-00, Resistor R1596, 6.2 kQ, 5%, 14 watt

One component, a small potentiometer, must be added:
1-311-1224.00, 500 0 Variable resistor, 0.5 watt

When R1593 is soldered into place the bottom end
should not be connected to ground as shown in the
original circuit diagram but wired in series with the
560 q variable resistor. The bottom end of the variable
resistor is connected to the +5 valt supply instead of
ground. Varying the resistor sets the calibrator signal
[requency.

Dual Trace Chopping Rate Increased to 1 MHz

This mod requires eight parts, three of which replace
original components. It reduces trace brightness some-
what in the chopped mode.

Capacitors €356 and C368, and resistor R356, should
be replaced with ones shown in the parts list below.
These parts are shown on the Vertical Switching dia-
gram in the service manual (070-1861-00) . R570 should
be removed and not replaced.

Now modify the CRT Circuit diagram in vour serv-
ice manual according to the partial diagram in Fig. 2.
The remaining five parts should be soldered into the
circuit according to the diagram.















