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A big step forward for direct-view storage.

The néw 783% Storage Oscilloseope combines 400 MHz
bandwidth and 2500 em/us stored writing speed in a
four: plug-in 7000 Series mainframe to bring you a-new
high in performance and versatility in a general purpose
oscilloscope.

‘Counter and oscilloscope combination makes
“difficult measurements.

Selective counter measurements are easy fomake using
‘an oscilloscope with delaying sweep and dual trace alge-
braic add functions, '

‘Testing three-terminal regulators with a curve

tracer.

A 5774178 Curve Tracer provides &n ideal answer (o the
need for performing short run incoming inspection tests,-
circuin design, or device chatagterization of threetermi-
nal regulators,

Tektronix products get dirty, too!

Part 1T deseribes "dry cleaning™ techniques fui'_’th_use
users who can’t release their instruments long enough
for a thorough wash job.

Cover: Dr. Gail Massey of Oregon Graduate Center stud-
ies a YAG laser pulse stored and displaved on the 400
MHz 7851 Storage Oscilloscope.
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stored; it can be viewed for an extended period. The

BISTABLE mode is the simplest of all to use, with no
adjustments for storage sensitivity other than the in-

tensity control. Also, with & high resistance t6 blooming; -
this mode is unsurpassed for storing extremely low:

frequency evenis that require a slowmoving spot on the

crt. This mode, therelore, can capture waveforms with:

“exwreme differences in spot movement speed. The chief
limitation is writing speed. The FAST BISTABLE

“mode also is resistant o blooming and overcomes the ..
low writing-speed limitation. It is the second fastest -
mode of the instrument, with a writing speed of 350-

om fsin reduced scan. and 15 nselul in capumng smg!c-‘
-shot information;

Variable:persistence storage displays are” character-

![(’:tl by controllable persisténce (the rate at which the
stored display fades). Typically, this rate of fading may
he adjusted from I or 2 Seconds to well over a minute.

_111ere are two such modes: VARIABLE PERSIST:

Fig: L Stored displiy ol a single-shot, fast rise time'signal.

ENCE and FAST VARIABLE PERSISTENCE. The =

chief advantage of these modes is high writing speed.
“When the storage controls are optimized, writing speed

is many tnies greater than in the corresponding bistable -

modes. The storage controls mav also be adjusted to

‘prm’ade high-contrast displays that are especially. ads ity
vantageous for phomgmph) In both variable persist-
ence modes, view time {the length of time i stored trace

is distinguishable from the background) is Jess than in

the bistable modes, and is shortest of all when adjusted
for highest writing speed. View time can be increased by

using the SAVE moile as on'other storage oscilloscopes.
The VARIABLE PERSISTENCE mode in the 7834
can convert a dim display of a fast; low-repetition-rate .

signal, mto a bright, flicker-free display for easy view-

ing of signals that are beyond the display capability of

non-storage mstruments, By vavying the persistence (or
Yraby

rate of Lading), the best compr omise can be reached be.

tween lack of flicker and ability to follow changes in
the wavelonmn.

The FAST VARIABLE
vides the highest writing spccd of all,

countered in laser [usion research, destructive testing,
- and high speed computer development, that occur only

once, or at very low rep-rates at best. ‘The 7834 offersan

unpxeccdeumd ability to display these pulses.

New operational features ‘
The 7831 has several features not tound on other stor-
age oscilloscopes. These features add convenience and

flexibility. For'example, the MULTETRACE DELAY ©
- control cands the usefulness of the transfer-storage’

modes (FAST BISTABLE and EAST VARIABLE PER-

SISTENCE). When a time base operates in a repetitive -

i PE RS]&TLN(I. mode pro-
2500 e fps inves o
i (luccd scan. ‘This mode s most useful for capturing: -
lngh-speed single-shot events such as fast rise pulses en-  °

manner (rather than single sweep), this control varies
the display time between successive sweeps. An'* mﬁmte
position provides the same effect as single-sweep opera

Uion. One application of the multi-trace delay control

is in making calibration adjustments, The opeérator
simply sets the delay ‘equal to the rime reguired: to

change an adjustnients The new resule is thén auto-
miatically displayed (along with the old), freeing the
operator from manually resewting the oscilloscope time

base lfor each trace. .\nothﬂ .:pphmuon i5 10 store a:

“periodic wavetornr that oceurs in a longer sequence of

events, Themulti-trace delay may be adjusted to blank
out unwanted c\ems and d”()\\ mggumg (ml) on the

s desived w avelform,

The Remmc-Smrage inputs give the user control over
several essential storage tunctions: With Remote Erase, -

“Reset, and the new Remote Save inputs, the operator
can_ conveniently conduct experiments at a distance

from the ascilloscope, or control these functions auto-
natically from other equipment.

A new Remote-Storage Gate input provides the user
additional capability i the fasestorage modes. Use of
this i mput, along with a secand time base, per mits cap-
uuring several closely spaced events on the same dnplm. :
an ability not pmsxhle in f.Lst-sLordge modes on previous
inspruments,

Two types of Auto Erase are available in the 7851
One is an .ul;mtnblc periadic function that erases on a

“regular basis whether or not a stored display is present.
‘The other type provides an adjustable display time after

each stored event, and will not erase unless the time base
has been triggered.
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Counter and oscilloscope
combination makes
difficult measurements

I.\ ‘/-I odern electronic counters are versatile, accurate instruments used in a

wide variety of applications. However, many measurements are diffi-
cult or even impossible 1o make with conventional counters. Here are a few
examnples:

PERIOD OF INTEREST "’_““"—'——"

je————={ WIDTH OF INTEREST

'4——— TIME INTERVAL OF INTEREST ————|

§—— FREQUENCY OF INTEREST

FREQUENCY IN A "CHIRP"-——*
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Fig: 1. A countér anil oscilloscope set uF 6 ineds
o

the elevated pulse displayed on the oscil

In each example, the counter’s trigger circuits can-

not discriminate between the part of the waveform of

interest and the part not of interest.:

A few counters offer input gating that allows the in-
putsignal ¢hianmel of the counter to be gated on and off
with ai external gate or contrelsignal, This makes most
of these difficult measurements. possible; however, the
appropriate gating signal iy ravely conveniently avail-
able. A few counters olfer Variable HoldiOfl or Delay,
which introduges a variable delay in the Time [nterval
mode, betweer when-Channel A triggers and Channel
B is permitted o rigger, This Feature also inakes soine
of these difficult measurements possible, but it can only
be used in the Time Interval mode, and the approxi-
mate amount of delay required must be known.

Almaost all of these difficult measurements can, of
course; be made directly with an oscilloscope, but not
with the same degree ol aceuracy a counter offers. '

Counter and oscilloscope
A cownter and an escilloscope can be edginbined into
a. powerlul measurement tool that €an conveniently
make these otherwise difhcult or even impossible meas-
urements. With the technique to be described,  the
counter can be made to measure any selected portion
of the waveform displayed on the oscilloscope, Thus,
the flexibility and visual verification offered by an
oscilloscope is combined with the accuracy of a counter,
‘The technique involves summing or algebraically
adding the peortion ol the waveforin of interest with a
pulse, so that the pulse créates a voltage pedestal upon
which the portion ol interest rides. With a portion ol
the waveform elevated, the counter's tngzex threshold

VERTICAL SIGNAL OUTPUT

Mainframes’ Bandwidth Amplitude
7800 Series 140 MHz with 7A24 | 500 mV/div into 1 M2
or 7TA26 25 mV/div. inte 500
75 MHz with 7A18' |
7700 Series 70 MHz:with 7A24 500 mV/div into 1 MQ
or 7A26 25 mV/div inta 50 &
55 MHz with 7A18 ' )
7600'Series 75 MHz with 7A18 | 500:mV/divinto 1 MQ
25 mV/divinto 50 @
7503/7504 55.MHz with 7A12 | 500 mV/div inte 1 MQ
. 25 mV/div Inte 50 @
7313/R7313 20 MHz with 7A18 | 500:mV/div into 1. MO
.25 mV/div Into 50 @
549: > 5 MHz with 1AT | 1.5'V/divinto 1 MO
544 /546/547/ 15'MHz with 1A1 300 mV/div into 1 MQ
AM544/RM546/ '
RM547
535A /R535 | 5 MHz with 1A1 ~ 1.5V/divinto 1 MO
545A/B/ . ~ 20 MHz with 1A1 | 1.2 V/divinto 1 MQ
RM545A/8 B

Fig. 2. TEKTRONTIX oscilloscopes having delayed gate amned verti-
cad signal outpurs switable for this application,

(triggering level) can be set so that the counter triggers
only on the desired portion.

Ifa Dual-Trace, Delayed Sweep Oscilloscope with a
Vertical Signal Output and a Delayed Gate Qutput is
used in conjunction with the counter, no other equip-
ment is requived. The Delayed Gate serves as the neces-
sary pulse; the Dual-Trace Amplifier performs the sum-
ming function, and the Vertical Signal Qutput (a wave-
torm identical o that displayed on. the crt of the oscil-
loscope) is connected to the in put of thecoimter: Figure
I shows 3 7603 Mainframe, 7A18 Dual- Trace Awnplifier,
TB3SA Delayed Sweep Time Buase, and DE 305A Uni-
versal Countér/ Timer in the déseribed configuration.

-Figure 2 isa chart of TEKTRONIX Oscilloscopes with

the necessary combination of features, and the band-
width and amplitude of the Vertical Signal Outputs.

Making the measurement

The waveform, a portion of which is to be measured, is
meecwd to Channel 1 vertical input ol the oscillo-
scope and the controls ave sét for a stable display ap-
proximately two divisions in amplitude. The wide
range of input amplitudes a-laboratory oscilloscope can
accept offérs the added advantage of signal condition-
ing:. amplilying or attenuating a waveform prior to
being comecied to the counter input.

With the wavelorm portion of interest displayed on-
screen, the oscilloscope’s Horizontal Mode switch s
pliaced in the Intensihed mode and the brightened por-
tionr of the trace is adjusted to intensify the portion of
interest. The Delayed Gate Ouiput, a pulse whose
width and position relative to the oscilloscope trigger
point is identical to the intensified portion of the trace,

~1




is then connected 1o Channel 2 vertical input. The Ver-
tical Mode switeh iz set to Ghannel 2 and the controls
adjusted: for a display two divisions in amplitude,
Switching to the Algebraic Add mede, the two wave-
forms (the delayed gate-and the input wavelorm) will
now be summed and the combination will be approxi-
mately tour divisions in amplitude as in Figure 1. If
the delayed gate is positioned properly, the portion of
the input wavelorin ol interest will be elevated approxi-
nrately two divisions.

The oscilloscope’s Vertical Signal Output is now
connected to the counter input and the counter’s Trig-
ger Level contrel is set so the counter triggers only on
the elevated portion.

Setting the counter trigger level
It the counter has a DC Trigger Level Quiput, the trig-
ger level can be ser by monitoring this output with a
DMAIL sewtirig it to the desired voltage level as read
trom the oscilloscope’s cre. If the counter does not have
a DC Trigger Level Output, the following technique
will aid in setving the counter trigger level

The amplitude of the voltage pedestal is lowered ap-
proximately 509 by adjusting the oscilloscope’s Chan-
nel 2 Variable Volts Per Division control for a display
about three divisions .in amplitude. Adjusting the
counter’s Trigger Level control in the positive direction
until the counter quits triggering, then in the negative
direction until the counter just stirts counting, oy
counts erratically, will set the counter o trigger-on the
positive-most portion of the input waveform. Now, re-
turning the Channel 2 Volts per Division control to its
original position (a four division display} will result in
the counter triggering at the 504 point on the elevated
portion of the waveform. "This same technique can be
used 1o set the counter’s trigger level at other than the
509, point if desired.

Counter modes

Now let's.consider making selected pulse or cycle meas-
urements in the various counter modes available. Uni-
versal counters, as opposed to single function or fre-
quency only counters, olter a varicty of modes such as
Period, Width, and Time Intervid, as well as Frequen-
ey Each mode requires that the width of the oscillo-
scope’s delayed gate—the elevating pulse—be set a little
differently,

Period

Il i« period measurement is 10 be made, the pedestal
must be wide enough and so positioned in time that the
-entire period of interest is elevated as.shown in Figure
3. In the Period mode, the courrer will trigger at a
point on the first positive or negative going slope,
whichever is selected, and at the swme point on the fol-
lowing slope ol the same polarity.

Employing this technique, the Period mode can be
used to measure frequency (F = { -) when the frequen-
cy varies, or when it is a burst or chirp. In the Frequency
mode a counter measures the average input frequency
during the gate time. However, with this technique,
frequency can be measured tor as short a period as one
cycle. The linearity of a swept frequency can even be
measured cycle by cycle. -

Width

Il a width measurement is to be made, the set-up is the
samme as Tor a period measurement, except that the ele-
vating pedestal must only be wide enough to elevate
the width af interest as shown in Figure 4. The counter
in the Width mode will measure the time bétween a
point on the first slope ol the selected polarity and the
same point on the following slope of the opposite
polarity,

Time interval

A counter that offers a Time Interval mode has two
mput channels and measurey the time between when
the first channel, Channel A, triggers and the second
channel. Channel B, wriggers. The slopes and trigger
levels for each chanmel can be selected independently.
In the Time Interval mode, Channel B is héld off (not
permitted to wrigger) until A wriggers: however, Chan-
nel B cannot normally be held off or prevented from
triggering the next time the input wavelorm reaches
its trigger level, With this technique, B can be held oft
as long as required to permit the counter o measure
the time berween any desired points on the input wave-
form. Unlike the Period and Widdh modes, the width
of the pedestal or elevating pulse is adjusted to be
slightly narrower than the thme interval ol mterest. As
shown in Figure 5, the A wrigger level is set to trigger
just as it was in the Width or Period modes, but the B
trigger level is.set below the level of the pedestal. There-
fore. B will not trigger until the elevating pulse has
returned to the lower level and the input waveform
passes through the B wrigger level. B can be held off or
prevented from triggering as long as desired by increas-
ing the width of the pedestal.

Small variations in pedestal width should cause no
viriation in counter reading if the pedestal is properly
positioned. 1{ the counter display varies directly with
pedestal width, an erroneous reading is being obtained.

The two input channels can be connected o a single
waveform or to.two separate wavelorms, and a portion
of either waveform can be selected and elevated. A por-
tion of each of two wavelorms can also be elevated and
thereby selected, however, this would require an addi-
tional pulse and sumiing amplifier.

Frequency
Making frequency measurements dircctly is not practi-
cal using this technique because the counter’s gate and
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DELAYED GATE: DC 505A°
(ELEVATING PULSE) :

SUMMATION FI 3'

_COUNTER
TRIGGER LEVEL

Fig. 3. lnxv.yeriod'meammmmt. delayed gate wideh must be wide
énongh to elevate entire period of interest.

INPUT. | WIBTH OF
WAVEFORM l'_ HINTEREST
DELAYED
GATE
o R %‘é’&? EVEL
SUMMATION S andee
Fig. 4, Delayed gate set properly for widih measurcment,
heeeeeos o JIME INTERVAL ]
INPUT'WAVEFORM  OF INTEREST

DELAYED
_JG’ATE

CHANNEL A
TRIGGER LEVEL
SUMMATION

CHANNEL B
TRIGGER LEVEL

Fig. 5. For tiniie interval measuremends, deldyed gate is:set slightly
shorter in duration than time interval to be measured.

Fig. 6. TM 500 Series configuration for making gated counter
measurements with-a nondelayed sweep oscilloscope, 'The AM 501
performs the suming function normally provided by the oscilio:
sCope. ;
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Fig: 7."The DD 501 Digital Delay simplifies rrigger selection when:
delaying the triggering of the counter for several pulses or cycles.

INPUT

WAVEFORM ,
DELAYED
GATE

SUMMATION. I ‘l_
: .. DsPLAY |
;g“\lsouonﬁo- TIME Etroneous

PERIODS MEASURED

WITH INCREASED e DISPLAY
DISPLAY TIME_ .. TIME

Fig. 8. Erroncouns u,:agﬂ-nﬁs can veeur:at some display time séttings.
H ‘the counter readouit is érratic or too large a number, increase
the display time with the Displity Time Control. 3 :




the elevating pulse would have to be synchronized.

Frequency measurements can be made, as mentioned
earlier, in the Period mode, and, because [requency is

; ‘the reciprocal of time, the conversion issimple,

Averaging z
In the Period, Width, and Time Interval modes, it is

‘often desirable to average to achieve the desired ac:

curacy. I the counter offers Width Averaging and Time
Interval Averaging, it is simply a matter of switching
to that mode, The counter will accumulate readings in'
decade multiples and average them. No change in the

procedure for a single "T'ime Interval or Width measure-

ment is necessary. For period averaging, however, an
alteration to the technique is mecessary. In period aver-
aging, the numbér of periods to be averaged must all
be elevated. To average 1) periods, 10 or more: succes-
sive or continuous periods must be elevated. Toaverage
100 periods, 100 or more su;;f.:gssivg or gontinuous pe-

riods must be elevated. A larger number of averages

can be selected, butsince the purpose of this technique
is to-make a selective measurentent of a small portion
of a signal, it is unlikely that higher averaging factors
will be commonly used in the Period mode..

Using a nonade’layed sweep oscilloscope
If a Non-Delayed Sweep Oscilloscope is used, a separate

pulse generator with delay,. like the TEKTRONIX

PG 505 or PG 508, must be incorporated to generate the
necessary pulse. The pulse generator must have delay
so its output can bé positioned in time relative to the
input waveform.

I the oscilloscope does nat have an Algebraic Add
mode, a separate amplifier like the AM 501 can be in-
corpora ted to serve this function.

“The 'TM 500 product line provides an ideal solution
to the problem, Figure 6 is a diagram showing the
SC 502 Non-Delaying Sweep Oscilloscope, PG 505 Pulse
Generator, AM 501 Amplifier, and either the DC 503

or DG B05A Universal Counter/Timer with the ap-.

propriate interconnections it the TM 500 Mainframe.

This particular system is usable from dc to between
50 kHz and 100 kHz, limited by summing amplifier

bandwidth and pulse generator rise times,

Digital delay ,
When it is necessary to delay tht triggering of the count-
er for a large number of pulses or cycles, it can become
impractical due to the limited resolution offeréd by the

‘art of an oscilloscope, even with a magnifier. For ex-
ample, it would be almost impossible to position the

pulse or pedestal on ‘the one thousandth input pulse
to measure its period, width, or time interval. Even
with a times ten magnifier; there would be ten input.

~ pulses or cycles per division on the ¢rt. The DD 501

Digital Delay solves this problem. It can delay by up

10

to: one hundred thousand events. and generate a Lugs
ger at the selected number of events.
When the DD 501 is used with this techmque, it 1&

- connected as shown in Figure 7. The input signal is

connected to the DB 501 Start and Events inputs and
the input of the oscilloscope. The output of the Digital
Delay is connected to the External Trigger input of the
oscilloscope, and the appropriate number of events,
pulses, ar cycles to be delayed is dialed up on the DD 501
front panel. The counter is driven by the summed
pedestal and signal from the scope vertical output or by

a sep‘.{ratc s’u‘m”ming ariipl’iﬁc'r When the selécted nui‘n~--

that mggers the scope and the: delayed gate A Eastcr

ascilloscope sweep speed can now be used, which offers:

enough resolution to position the elevating pulse.

If it is necessary to delay by time, the counter's time

base’ ‘output can be connected to the DD 501 input, The
counter’s time base acts as a clock that the DD 501
counts.

Erroneous reading

“Some ranges of input repetition rates can cause an os-
~eilloscope to trigger on different pulses on each sweep,

however, this can be corrected with Trigger Hold-off if
the oscilloscope has thiy feature, or with thé Variable
Time Per Division:if it does not. In either case the basi¢
repetition rate of the oscilloscope's sweep generator is
changed so that the oscilloscope triggers at the same
point or on the same pulse for each sweep. With the
technique described in this note, it is possible to have
essentially the same problem with a counter. The

«counter has a meagurement cycle time or repetition rate

which is determined by the length of time it takes to
make theé nieasurement, plus the display time. As shown
in the period measurement in Figure 8, if the'counter’s
measurement cycle time results in the display time-end-

‘ing in the middle of the period to:be measured, an er-
aoneous period measurement results. A'n:,d' the same
“thirig can occur in the Width or"Time Interval modes.

The: indication is an erratic reading or a reading that
is too large. The fourth waveform from the top in Fig-
ure 8 shows an erroneous, too long, period. To correct

the problem, the counter’s display time is increased

with the Display Time Control as shown in Figure 8.

_The counter now his a slower repetition rate or longer

megdsurement cycle time and does not reset in the mid-
dleof the period, width, or time interval to be measured.

-

-
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he increasing  §
costof on-board - § 0
three-terminal reg-
ulators has created

easy means of test:
ing these devices.
Many of you al-
ready possess that §
capability and may
not realize it

The Tektronix
577-D1Storage Curve
Tracer and 178 Lipear
1€ Test Fixture provide
the basic capability. Al you
need to add is the Three-Ter-
minal Regulator Test Unit—a
plug-in accessory for the 178 — plus
a socket adapeer for your particular
device, and you're in business. It'’s an
ideal solution for short run inspeciion, cir-
cuit design, or deyice chavacterization.

The Regulator Test Unit comes in two simi-
lar models— one wired for negative regulator de-
vices and one for positive units, Each slides into the
178, which is itself a slide-in module for the 577 A

snap-on escutcheon plate customizes the 178 function

switch to either positive oF negative test units.
Functionally, the 577 Mainirame supplies the display

and its controls, primary power supply, and a step gen-

erator llml scrves s a variuble load. The 178 further

"Testmg three termmal regulators‘
‘witha
curve

i e
T =
- @@ @

T ermanal

~The577/178
Curve Iracer
~with a Three-

Regulator Test
drat instaljed.




regulates thie supply voltages and provides the function
selector switch, which sets up the internal eircuits for
the appmpnate tests. The 178 also has provision to
sweep the input supply voltages at a selected rate and
amplitude for line regulation and other tests.

Four basic tests on three-terminal regulators ¢an be
permrmcd on the 577/178: load regulation, line regu-
lation, quiescent or common cugrent, and dropout volt-
‘age. A fifth test, ripple rc;&mrm can also be performed,
depending on how it is spccmed The devices can be

tested over an input range ol 0 to 60 volts, with load

currents up to 2 amperes (putlsed).

Load regulation

Load regulation is the change in regulator output volt-
age over the specified ringe of load current, with pro-
‘vision made to keep chip temperature eonstant:

This test is. done on the curve tracer using the step
generator as'a cwrrent sink or variable load. The step
‘generator is operated in the pu]se mode to provide a
‘load that is active for only asmall part of the duty cycle,
thus keeping chip dissipation low and possible tempera-
ture rise small

The display in Figure | shows the change in output
voltage (vertical axis) as the load current is stepped
over the specified range (horizontal axis). In Figure 2
the vertical sensitivity has been increased to improve
the resolution of the méasurement. The Output Volt-
-age Gomparisan Dial is set so the trace crosses the bot:
tom graticule line précisely at-the rated load current
peint. The change in output voltage is then easily de-
termined by multiplying the VERT UNITS/DIV set-
ting by the indicated change in output voltage on the
vertical axis.

Line regulation

Another important specification we need to check is
line regulation—the change in‘regulator output voltage
over a specified range of input voltage—with provisions
‘made to keep the chip temperature constant.

The curve tracer provides the necessary test condi-
tions by adding a swept voltage to the inpuu voltage
s.upp]y, while l:).ljoviding A congtant, short duty-cycle
load:for the output,

Tn the display in Figure 3, the vertical axis represents
fegulator output voltage deviation {rom the compari-
sont voltage, and the horizontal axis represents regulator
input voltage.

Line regulation characteristics at different values of
load current can be checked by setting the step genera-
tor to step through the desired range of load currents as
in Figure 3.

Quiescent or common current

A third characteristic often of interest to the circuit
esigner is the current used by the regulator for its in-

12

ternal functioning. ¥t is called qulescem or common
carrent. The: :eguldmr test unit uses a common-teérmi-
nal supply to produce an artificial ground through
which the device:under-test quiescent current.is meas-
ured. _
The curve tracér can display quiescent cutrent under
*three different conditions: stéady state; -with constant
load and line (input) voltage change, and with constant
input voltage and changes in the load. Changes in input
voltage are provided by the sweep generator on the 178
Linear 1€ Test Fixture. Load changes are produced by
using the 577 step. generator in the currenesinking
ode. o
The display in Figure 4 plots quiescent current on
the vertical axis, versus load ciirrent on the horizontal;

Dropout voitage test

"The fourth characteristic of interest that can be checked
with the 577 Curve Tracer is dropout voltage. The
dropout voltage test is similar to the line regulation
test except, in this instance, we are concerned with the
minimum input voltage at which the regulator no long-
er regulates. Figure 5 is-an illustration of the dropout
voltage: test. The input:output voltage differential at
which the circuit ceases to regulate is dependent upon
load current and junction temperature, and is typically
tWo volts.

Ripple rejection test

Ripple rejéction tests can also be performed on the
curve tracer as displayed in Figure 6. The supply volt-
age is sweptat a frequency justbelow 120 Hz to produce
the display. Each trace represents a different load cur-
rent as presented by the-step generator. Storage is a
riecessity in achieving this display since it takes about
a second to produce.

Conclusion

The 577-D1 Stovage. Curve Tracer with a 178 Linear
1€ Test Fixture and Three-Terminal Regulator Test
Unit provides a low-cost, versatile means of performing
incoming inspection tests, circuit design, or device char-
acterization of three-terminal regulators. Most of the
specified tests can be performed. The 577 also serves as
a valuable analytical tool to evaluate those devices re-
jécted by highly automated incoming inspection sys-
tems, and to analyze performance under operating con-
ditions other than those spem’,ﬁed on the spec sheet.
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Fig. 1. Load re; 073 test. Quipt vl displayed vertxcall) at. Fig. 4. Quiescent current test, chscem current displayed ver-
50 mV/diy, offset to +5V; load current dis Ia\:cd horizontally at: tically at 2 mA [div; zero cutrent at cenler:sereen; load current dis-
20 mA/div: played horizontally at 100 mA /div.

sensitiviry in- Fig. 5. I)mpout mlug L. Qutput voltage displaved vertically at
prove resolution, and-trace moved to bottom of screen !() m dl ¢ s offse 5V input voltage displayed hori-
for easier rcddmg
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Fig. 3. Lin rcgu]«mun lest. Outpul voltage displayed vertic Fig. 6: Ripple rejection rest. Output voltage displayed vertically
5 mV/div; inp age displaved horizontally at 5V/div, load al § m : input voltage displayed horizontally at vy Joad
currents are 100 1A/ /step. currents are 10 mA /steji. Rejection is about 76 dB.
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- angd cmme’ ns, and vinse w:th warm water, The side
“covers can be removed and, along with the ‘bottom
. panel, be washed sepuarately after removing’ the instn
menit from ‘the booth. They should be placed in the
oven to dry. Compressed air is used to remove as much
water is practicable from the front panel area, and the
Jinstrument is then placed in the oven for 15 o 20
minutes, or until you're ready to work onit.

use ol glass cleaner—sume leave a static charge on the

off. Soap and water is the best solution.
A flters cant be cleaned easily with deter gem and

e onawet filter and allowed to soak a minute or two, will
o belp on extra greasy ones. We recommend not using oil

1g inside xhe insty umc,m. o
am mvilchet

. Switch covers dmmg the cleaning pr ‘ocedure. You

‘.swmhc:a. :
V_mmplishcd by removing the switch cover and spraying

1\v1tll an equal amount of ammonia (non-sudsing, non-
Soapy type). The switch should then be thor oughly
rinsed with soft or distilled water. The switch contacts
rahguld then be spraved with isopropyl alcohol, let set
",fnr 60 st'mn(l\, and blown our with compressed air, Oc
wionally operate the switch in all positions while the

lace. 10 perfonnf>; ‘
Ie and bormm:;

‘out the instrument. Oven dry in the usual nranner,
. Cam switches need no Tubrication as the switch pads

[ lightly spmy thc Imm panel unly using
olution :um m’mng w:th_ waw - Be care-

: L:sc ¥ mgd brush .md dewx gﬁf:m Lo (lean Lhe knm» ~

% e et ~ - The graticule and graticule cover may be cle.med
o : : as described in Part I A word of caution lcgardmg the

e B ~ graticule, which will distort the et trace umtil it bleeds

hot water. A cleansing powder, such as Ajax, sprinkled -

‘o1 filter coat on any filters as there is the powlnmy of

, you are having problems wub lhe cam swudlca 5
‘1m the i instrument, we do not rec ommend removing the

“should ulso take eare not to spmy detszrgem into the
I & cam switch nee«.h deamng. this can best be ac

the switch with a 5% solution of Kelite spray white

alcohot is still on the contact area, and while blowing
v ! ’ g

are desxgned to opemle dry for thc hfe of thc msmv




Conclusion _

Whether you wet wash or dry clean an instrument will
be-determined by how dirty the instrument is, and the
time available to do the job, Solid state instruments can
be washed as easily and safely as vacuwm tube types.

- Precautions against spraying detergent and water: di-
*rectly on power transformers and covered cam switches

should be diligently observed, Cleaning agents such as

trichlorethylene, Freon, and. others containing. halo-
gens, should: not he used. They can damage aluminum

electrolytic capacitors and some printed circuit lmardl

waterials used in critical applications. :
It takes valuable time to proper ly clean an instru-
ment. However, the improvement in maintainability

and the increase in user satisfaction makes the invest-

menta worthwhile one. T

Fig. 1. Dave Phillips, Factory Service Center, washes a 7000-Series Oscilloscope.



Customer maintenance
training classes for 77
Al classes will be conducted at Beaverton, Oregon.
Theére is no lee for classes exeept as noted,

All maintenance classes teach operation, Signal flow,
calibration, troubleshooting and repair of the repre-
sentative instrument. A combinaton of lecture and lab
sessions are the usual formar for maintenance training.
Any prestudy literature besides maintenance manuals
will be mailed directly to you,

7704A/7904/7633

The 7000 series classes are a combination of the 7704A g ‘

74904/ 7633 oscillascopes. The prerequisite for the 7904/

7633 class is training on the 7704 A. Class duradon is two

weeks, first week devored to 7704 A, second week devoted
o 790477633, Plug-ins taught are representative of the
most trequently purchased units with these main
frames.
Class dates: June 1324, 1977

Aug, 8-19; 1977

Oct. 17-28, 1977

Dec. 5-16, 1977
465/4715

The 465/475 oscilloseopesanaintenance chass 1s taught

to the component level of woubleshooring and repair.
The student is éncouraged to study the circuit descrip-
tion portion of the respective. manual. Class duration is
one week.
Class Dates: June 27-July.1, 1977

Aug. 22-26, 1977

Oct. 81-Nuv, -k, 1977

5100/5400
The 510075100 oscilloscopes are new products on the
1977 customer maining schedule. Representative plug-
ins are selected tor these products, Class duration is one
week.
Class dates: July 11-15, 1977

Nov, 7-11. 1977
Logic Analyzers
The 7D01/DF-1 logic analyzer is a new product on the
1977 customer training schedule. The prospective stu-
dent is encouraged o study the civeuitl description in
the 7DOL/DF manual Class duracion is one week.

TM503/DC503/DM502
TGS01/PGS01/FG501
The TM500 products selected for instruction vepresent
each ol the major categories in the Test and Measure-
ment area. Class duration is one week.
Class dates: June 6-10, 1977

Aug. 15,1977

Oct. 10-14, 1977
WDI—R7912/1350
The student wmust have operatinnal knowledge ol the
TT04\ series oscilloscope: he also muste have satisfactori-
Iy comptleted study of the. Audio Circuit descripiion
training program on the R7912. This package (062
2T08-00) 1s avadlable [or $175.00 through the local Tek-
tronix held office: it should be ordered at least 60 clays
prior o class partcipation as the subject material is
quite lengthy. Class duration is one week. A class fee ol
S700 per student is charged for this training.
Class dates: July 11-15, 1977

Ovr. 5.7, 1977
DPO—P7001/CP1151
Na customer maintenance classes are scheduléed for
1977, An audia circuit deseription training package is
availuble for $185.00 through yvour local Tektronix
field office. Part number (062-2707-00
4051/4631
The 4021 intelligent terminal is & new product on the
1977 customer training schedule. Understanding of
microprocessor is necessavy lor full - p])r(-’ciatiou ol
class eontent. Class duration is two weeks.
Class Dates: June 20-July 1, 1977

Dec. 516, 1977
4010/4014/4631
The HNO/4012/4014 /4006 graphic display rerminal
class is taught to hoard level maintenance; greater
depth 15 taught when signal flow concepts are necessary.
Class durationis one week,
Class Dates: June 6-10, 1977

Oct. §-7, Y77

Nov. 7-11, 1977
4081/4905/4641
The 4081 intelligent terminal system 1s @ new product
on the 1977 custourer (raining schedule. Understanding
of microcomputer and microprocessor theory is neces-
sary lor full appreciation ol cass content. Class dura-
tion is Lwo weeks.
Class Diates: Jaly 18-29, 1977

Class dute: Sept. 12-16, 1977 Sept. 26-Oct. 7, 1977 A-3849
TEKTRONIX, INC.
P.O. BOX 500 BULK RATE
BEAVERTON, OR; 97005 U.S. POSTAGE
PAID
Tektronix, Inc.




