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General Informotion

The Tekironix Type 109 Pulse Generator is a fast-risetime
pulse genercator similar fo the pulse generator section of the
Type 110. The Type 109 is cepable of producing pulses of
different widths, calibrated-amplitudes, and polarities for
use in driving and testing the response of devices operating
in the nanosecond region,

An external network, supplied with the Type 109, provides
long duration pulses with an amplitude decay of only 10%
in 400 nanoseconds. This network is useful for lesting ompli-
fier linsarity or tuning delay lines.

Pulse Amplitude
Three calibrated ranges: ¢ to 0.5v, 0 to8v, 0 to 50v.

Accuracy is within 3% of the front-panei full-scale mark-
ing. Each range is continvously variable,

-+50 volts is the maximum calibrated amplitude using the
internal power supply; =300 veolts maximum allowed
using an external supply and either or both contacts.

Polarity

Positive or negative.

Risetime

Less than 0.25nsec [nanosscond or 107° second). Pulse
risetime is Htustrated in Figs. 1-1 and 1-2.

RISETIME LESS THAN 0.25 nsec

] | s

1 niet

Fig. 1«1, A double exposure photograph of the output pulse from
the Type 109 (ne external charge line) and o 1 gigacyce/sec
timing train, The waveforms are disployed on a Tektronix (.12-nsec
risefime research-fypa oseilloscope. This photegraph shews the
risetime fo be well under 0.25 nsec. The minimum pulse width is
approximately 0.5 nsec. Mote the freedom from cversheot,
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SECTION 1

CHARACTERISTICS
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Verticat Defiection Factor: 200 miv/¢m

Eqisivalent Sweep Rate: 0.2 nsgc/om

Chorge tine: One YO-niec 50-ohm RG-8A/U
cable connected hetween 305 CHG, LIME
1 and 5002 CHG. LINE 2 connetisrs.

Fig. 1-2. Waveform showing the Type 109 pulse displayed on o
Tektronix Type 661 {Sampling} Oscllloscope. Combined risetime
of the system, between 10% and 90% omplitude levels, is less
then 8.4 nonoseconds.

Duration

From approximately 8.5 nsec measured at the 50% ampli-
tude leve! {see Figs. 1-1 and 1-3), to a maximum of 100
nsec at a repetition rate between 550 fo 720 cycles using
a single chorge line to both contacts; 300 nsec at helf
repetition rate by using either one open-ended charge
line with the vnused contact grounded or by using two
separate open-ended charge lines.

An accessory, a special external charge network sup-
piied with the Type 109, provides a fost-rise pulse with an
RC decay see Fig. '-4) and a pulse amplitude which is
about one-enth that indicated by the front-panel mark-
ing. Decay is only 10% in 400 nsec {see Fig. 1-5). Fig.
1-6 shows the pulse waveform at an eguivalent sweep
rate of 1 nseef/am.
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Characteristics—Type 109
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Fig. 1-3. Minimum pulse.width woveform az displayed on a Type
441 {Samplingl Oscilloscope.
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Verfical Defloclion Foctor; 200 my/em
Equivolenf Sweep Rater 5 jset/fom
[Samplingt Oscilloscope: Typd 661

Fig. 1-4, Waveform produced by using the extérnal charge net-
work supplied os o standard accessory. The network connects te
one of the 50! CHG. LINE conneclors on the Type 109 and
grounds the wnused connector.

Répeliiion Rate

Internally adjustable for proper eperation af a rate
between 550 to 720 pulses per second.
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Vertigal Deflection Fecfor: 200 myv/cm
Eguivalent Sweep Rate: 50 nséc/cm

Fig. 1-5. Woaveform obiained wsing the seame charge network os
described in Flg. 1-4 but the equivalent sweep rate of the Type
661 is increased %o 50 nsec/em. This photograph shows thal the
amplitude {or RC) dacay ix less than 10% in 400 nsec.

Fig 1-6. Same conditions as Figs. 1-4 ond 1.5 except thot the
equivalent swoep rate is 1 nsec/cm.

Alternate Pulses

Unequal charge lines produce alternate pulses of differ-
ent time durations but of the same amplitude and polarity
using the Type 109 internal power supply as shawn in
Fig. 1-7.

External charge voltoges permit alternate pulses of
different amplitudes and/er polarity to be genercted as
shown in Figs. 1-8 and 1.%9.
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Verticdl Deflectien Factor: 200 mv/em

Eguivalent Sweep Rate: 5 nseé/em

Cheirgs lines: One eopén-endéd 9-nsec
cable eonnectad to 50 CHOG, LINE 1
coftiditor dnd oné open-snded 20
nygt toble conpectad te 500 CHG.
LNE 2 connector,

Fig. 1-7. Single-exposure photograph Illustrating the ealternate-
pulse featurs, wsing the internal power of the Type 109,

Yariicol Deflaction Factor: 9.5 v/em
Sweep Rote: 5 nsec/em
(Reti-Time} Oscilloscoper Type 519

Fig. 1-8. Single.exposure photograph showing alternate recurring
pulses of different widths and amplitudes produced by using S-nsec
ond &.8-psec chorge lines, ond externol charge voltages of the
same polority.
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Vertieal Deaflaction Factor: 9.5 v/em
Sweep Rota: 5§ nsec/om
{Real-Time} Oscilloscope: Type 519

Fig. 1-9. Double-axposure photegraph shows that similar condi-
tlens as those in Fig. 1-8 were used axcept the axternc! charge
voltsges are of opposite pofarities,

Output Impedance
50 ohms.

Power Requirements

Line Voltage—105 to 125 voits, or 210 to 250 volts, 50
to 800 cycles.

Pewer—Approximately 50 waits of 117 volts line voltage.

Mechanicol
Construction—Light-weight, shock-resistent aluminum alloy.

Finish—Anodized froni panel. Textured-aluminem cobinet
with vinyl-based bive finish,

Dimensions—7 7" high, 5 wide, and 114" deep overall.
Net Weighi~8 1bs. 7 ounces {Type 10% oniyl.

Accessories

Information on accessories for use with this instrument is
included at the rear of the mechanical parts list.



SECTION 2

OPERATING
INSTRUCTIONS

AMPLITUDE

Adiustn pblee omplisde  frem
whre by the futlcsaly weliigs
wot By Fhe  VOLTAGE RARGE "

&L R
conissl.

WO TAGE RANGE

Seluuts folivscole omplitode of o
pudss g sweitehes  fo 0 exterrol
PHOWES,

PULSE POLARITY

Captrsly polmdy of  the  soipit o,
puwlse wsing  latrnel  veltuges

PLYWER

Line power gwitch,

FTL B, SRS, 5. &

XY, POWER OF MOMNITOR
Far ppplying  oxlemol power to
vhorge the How av for munibodng

ke chergpng  wiwmfers on on
-gatidfescujie,

58 Th LHG LINE 3

300 CHMIT. LINE 2.

Cambradt chotege lines Bew to b
tesin polies of desiond dwegtion,

i | 50 0 DUTBUE

hutprd pistes Tras B Tepe 1L

Figg, F-1. Fosetions of the Fonbopenal contrals.

Genera]l Information

The Type 109 Pubse Ganerolor produces | vy priadses
of o repetition rate between 35 and 720 cvcles por second,
The risetime of the pulies 8 less thon 035 nonoss |
pofarity coe b sefocled, and hoth the amplifods and
fran ore wariakle,

Fhe Tvpe M9 it idernded for pee with fast rise sampling

fequivalenrtime! sysfems o ¢ kit frech-tmed o
RlopeEs,

The Type W9 is fully tronsistorized, except for o VR tube,
ang requires o wormap tme belfore opsroting A3 soon
as the POWER OM switch it tused on, the Tyos 109 i
ready B operabix,

ey

Power Reguiremeants

bus Type 109 can be opetated frem either 117 or
volls sewivel The oaly chonges nesessary fo oorver] §
o opereling vollage Yo obother ore in the wiring of
rimary, The powsr tanstorser,

pizciud W
FEoH e

A smel metwd oy lecoted
the rear of the mstrument ind
for which the Type 109 was wired o the {ockary. I wired

for 117 wolts, the imstrument will cperole properly warh

21



Operating Instructions—Type 109

Fig. 2-2. Power transformer connections for 117- and 234-volt operation.

line voltages between 105 to 125 volts. H wired for 234
volts, the instrument will operate properly from 210 to 250
volts.

Te change the power transformer connections for opera-
tion on another line voltage, change the location of the
bare wire straps at the primary terminals. Fig. 2-2 shows the
wire-strap connections required for each nominal operating
voltage. When changing the location of the straps, it is
not necessary to move any of the plastic insulated wires.
After the transformer connections are changed, the voltage
indicated on the metal tag should be covered with another
tag which conforms to the new operating voliage.

Coaling

Before operating the Type 109, choose o location that
will not block the ventiloting holes in the cabinet. Allow
at least two inches of clearaace at the top and sides of the
instrument. With sufficient clearance, air can freely circulate
through the instrument ond keep it cool.

If the temperature inside the instrument should become
excessively high, a thermal cufout in the instrument will
open, shutting off the power and the pilot light will go
out. When the interior temperature of the instrument drops
to normal, however, the cutout contacts will close and the
pilot Hght will light to indicate that power is restored.

Normal Operating Position

The upright position is the normal operating position
for the Type 109. If the instrument is placed on its side
or turned upside down, the mercury in the mercury switch
will flow to the contact end of the reed switch ond short
the contocts. Such a short circuit does not harm the instru-
ment, but it does prevent the Type 109 from generating any
output pulses,

Cabling Considerations

The Type 10% is designed for use with 50-ohm cables.
The charge lines must be 50-chms for proper impedance
match. The output pulse must be applied through high-

2-2

quality 50-ohm cables or suiteble impedance-matching
devices to keep losses down and maintain the waveform,
Use RG-BA/U for signal connections, If a signal delay cable
is needed, use the Type 113 Delay Cable. The only excep-
tions are the cables used to supply external power to the
EXT. POWER OR MONITOR connectors to charge the lines,
The impedance of these cables is not critical, and virtualty
any vaive can be used,

if proper signal cobles are not used, reflections and atten-
vations will occur which will produce undesirable side of-
fects. The GR 50-chm cable connectors are used because
they easily connect together ond they have recsonably
constant impedance.

Selecting the Pulse Duration
1. Using External Charge Lines

Pulses from the Type 109 are gererated by discharging
charged coaxial lines into a load through a solencid-
operated mercury switch. The Type 109 uses two such
charged lines with the mercury switch discharging them
aiternately. The charge fines must be conrected externally
fo the 500 CHG. LINE 1 and 500 CHG. LINE 2 connectors
on the front panel.

The physical length of the charge lines directly deter
mines the duratien of the output puises. The output pulse
duration is equal to twice the transit time of the charge
line used, plus a small built-in charge time due fo the lead
length from the GR panel connectors to the mercury switch
contact point,

The transit time of the cable is defined os the time
required for o signal to pass frem one end of the line to
the ofher. For @ 10-nsec charge line then, the duration of
the output pulse would be 20 ngnoseconds, plus about 0.5
nanosecond [minimum] due to the switch [eads. Since two
charge lines are alternately discharged inio the load, it is
possible to have alternate pulses with different time dura-
fions by using charge lines of different lengths, Fig. 1-7 in
the Characteristics section demonstrates this feature.

It is also possible to have pulses of execctly the same
duration by using the same charge line. For this application,

@



one end of the cable is connected to the 500 CHG. LINE
1 connector and the other end of the cable is connected to
the 500 CHG. LINE 2 connector. Since the same cable is
used to generate both pulses of o pair, all pulses have
exactly the same duration and amplitude. This mode of
operation results in an opposite polarity pip at the center
of the pulse, due to capacitive coupling between the switch
contacts of SW750. The pulse length will be twice the
delay time of the charge line plus one nanosecond.

When using the some charge line befween connectors,
maximum pulse duration atb full amplitude is [imited by
the amount of fime that the reed of the mercury switch
remains between contacts, This is the open-contact time.
To assure that the charge line has sufficient fime to fully
charge during this fime, the length of the charge fine should
not exceed 50 nanoseconds. Therefore, to generate pulses at
their full amplitude, maximum pulse duraticn is limited to
about 100 nanoseconds. If longer duration pulses are gener-
ated by using o longer charge line, the pulses may not
reach full amplitude. In addition, each pair of pulses gen-
erated mdy nof ecual each other in amplitude due to
variations in open-contact times.

To generate longer pulses at full repefition rate, two
separate charge lines can be used. As an alfernate method,
a single unterminated charge line can be used if you
disable the ofher line-charging network. To disable the
network, ground the unused 500 CHG. LINE connector or
disconnect either R751 or R756, If the alternate method is
used, the repetition rate of the pulses wili be one-half the
original rate. By using either of these methods, pulse dura-
tions up to 300 nanoseconds can be satisfactorily obtained.

2. Using the Charge Nefwork Accessory

Included with your Type 109 is a special Charge Network
designed to produce a fast-rise pulse that decays one RC
in about 5 microseconds. The amplitude decay is only 10%
in 400 nanoseconds [see Fig., 1-5, Characteristics section).
The Charge Network plugs into the 5000 CHG. LINE 2 con-
nector and the banana plug goes into the center conductor
of the 500 CHG. LINE 1 connector. The hanana plug dis-
ables or grounds the unused contact of the mercury swikch.

Since one set of contucts are used to generate the puise,
the repetition rate is one-half the normal rate. The output
amplitude of the pulse is about one-fenth that indicated by
the VOLTAGE RANGE and AMPLITUDE controls.

Maximum allowable external voltage that can be applied
to the Charge Network is 50 volts.

Selecting the Pulse Amplitude
1. Using the Type 109 Power Supply

In most applications the coaxial lines which are used to
generate the output pulses are charged by the internal
190-volt power supply of the Type 109. in these applica-

Operating Instructions—Type 109

tions, the pulse amplitude is controlled by the YOLTAGE
RANGE and AMPLTUDE controls, The YOLTAGE RANGE
contrel - determines the range of edjustment of the AMPLI-
TUDE control. The scale of the AMPLITUDE control, when
used with the setting of the VOLTAGE RANGE control,
indicates the approximate pulse amplitude. Using the
infernal power supply, pulses with amplitudes between zero

_and 50 volts can be produced.

Alternate pulses of different amplitudes can be produced
using the Type 109 internal veoltage supply and separate
charge lines. To do this, connect a rheostat across either
of the EXT. POWER OR MONITOR connectors. 1 this is
done, however, the front-panel amplitude settings will not
be correct, due to the external loading.

2, Using an Externul Power Source

Pulses with amplitudes higher than 50 volts can be gen-
erated if an external power source is used to charge the
coaxial fines. To use an exiernal power source, first ploce
the VOLTAGE RANGE control in the EXT. PWR. position.
Then connect the external power source or sourcas fo the
EXT. POWER or MONITOR connectors on the front panel.
The pulse amplitude obtained will be approximately one-
half the power source voltage, up to cpproximately 100
volis. At some higher voltage, the relay will suddenly
develop a higher arc drop resulting in a reflection at the
relay. This reflection will cause the output to be less than
one-half the power source. The voltage applied to the Type
109 to charge the lines should be limited to approximately
600 volts using one or both contacts to prevent damage to
the 47-k 2-watt limiting resistors, R752 and R757.

An additional advantage in using external power to
charge the coaxial lines is that alternate pulses of differ-
ent amplitudes and/or polarity can be generated by wusing
two different power sources. This can be combined with dif-
ferent length charge lines fo produce not only different
amplitudes but different pulse widths as well

Selecting the Pulse Polarity

The PULSE POLARITY switch conifrols the output polarity
of the pulses when internal power is used to charge the
coaxial lines. The polarity of the output pulses is the same
as the polarity of the charge voltage.

When exiernal charge power is used, alternate positive
and negative pulses can be obfained by charging one
line with o positive source and the other line with a nega-
tive source. If identical pulse widths are required for both
the positive and negative pulses, it will be necessary to
select identical charge cables. {A single charge cable
connected between the 500 CHG. LINE 1 and 500 CHG.
LINE 2 connectors should not be used for this mode of
operation because the cable cannot be charged simultan-
eously by both a positive and a negative voltage.]
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Infreduction

Some fundamental factors to consider when preparing the
Type 109 Pulse Generator for use with other equipment
witl be covered in this section of the manual. Several repre-
sentative test systems including a few specialized examples
will also be illustrated and discussed, These systems pro-
vide o basis for the development of other specialized
systems as required by specific applications.

Pulse Definitiens

The following terms are commoniy used in describing
pulse characteristics and are defined here for convenience.
The terms are illustrated and applied in Fig. 3-1. The input
pulse represents an ideal input waveform for comparison
purposes. The other waveforms represent typical owiput
waveforms in order to show the relationships. The terms
are defined as follows:

Risetime t: the time interval during which the ampiitude
of the oulput voltage changes from 10% to 90% of the
rising porticn of the pulse.

SECTION 3

APPLICATIONS

Falitime t: the time interval during which the amplitude
of the outpui veltage changes from 90% to 10% of the
falling portion of the waveform.

Pulse Width [or Duration} f.: the time duration of ihe
pulse measured between the 50% omplitude levels of the
rising and falling portions of the waveform.

Time Delay tg: the time interval hetween the beginning
of the input pulse [t==0], and the time when the rising
portion of the output pulse atteins an arbitrary omplitude
of 10% above the base line.

Til: @ measure of the #ilt of the full amplitede, flattop
portion of a pulse. The #ilt measurement is vsually expressed
as a percentage of the amplitude of the rising portion of
the pulse. :

Overshoot: a measure of the overshoot accurring gener-
clly above the 100% amplitude ievel. This measurement is
also expressed as ¢ perceniage of the pulse rise.

Bear in mind that these definitions are for guide pur-
poses only. When the pulses are very irregulor {such as
excessive tilt, overshoot, etc) the definitions may become
ambiguous. In such cases, o more complete description of
the pulse will probably be necessary.

Fig. 3-1. Terms used in describing pulse characteristics,

3-1



Applications——Type 109

Risetimes

The risetime of any particular assembly of the Type 109,
an oscilloscope {conventionol or sompling), and accessory
pieces such as coax cables is a voriable depending upon
the cable characteristics as weli as individual risetimes. The
“root of the sum of the squares” method can generally be
opplied as an approximation method only, as skin effect
losses of the cables do not add properly using this method.
(The root-sum-sguares method applies acewrately to gaus-
sian systems only.)

As a general rule, if the squipment or signal being
measured has a risetime 10 fimes stower than the Type 109
and other reloted measuring equipment, the error is 1%.
This amount is small and cun be considered to be neg-
ligible. I the equipment being meosured has a risetime
three times siower than the related measuring equipment,
the error is slightly less than 6%. By keeping these relo-
tionships in mind, the results can be interpreted intelli-
gently.

Basic Precautions

For faithful reproduction of the pulse certain precautions
should be followed. These can be summarized as follows:

{a) Use proper types of cables, terminations, attenuators,
and impedance matching networks. Low-impedance coaxial
cables are used with the Type 109 as signal conductors.
It is important that these cables be terminated in their
characteristic impedance [50Q)) to prevent reflections and
standing waves unless you deliberately wish to improperly
terminate the cables. Cne application for improper termina-
tion would be to boost the signal to an amplifier input by
leaving the end of a transmission line unterminated.

ib} Keep unshielded wires of uncertain impedance short so
that reflection and/or cross-coupling effects are not intro-
duced. Keep ground-return paths short and direct.

fc) Shield measuring equipment leads te prevent unde-
sired coupling fo other parts of the circuit, Shieiding is
especially required where radiation is a problem and where
high-impedonce dividers or circuits are involved.

{d) Choose components which function properly at fre-
guencies oand risetimes encountered.

(e} Keep in mind inherent parameters in circuit com-
ponents such as inductance present in capacitors or resistors.

i Consider the possible nonfirear behavior of cireuit
components due to changes in voltage or temperature
coefficients.

{g} Consider the input impedonce of measuring equip-
ment. The impedonce may be enough to cause loading
effects, detuning or undesirable reflections,

Connecting the Type 109 to the Device Under
Test

When connecting the Type 109 Pulse Generator cutput
to the device under test, ohserve the following precautions:

1. A complete de-return path must be provided between
the device under test and Type 109 Pulse Generator 500
QUTPUT connecior,

3-2

2. if the pulse is applied to o 500 load which has a
de potentici across it, the actuval amplitude of the pulse is
the voltuge set by the AMPLITUDE control less one-half the
de voltage across the lood. Do not allow more than 200
volts dec te be applied to the Type 109 Pulse Generator 500
OQUTPUT connector. This limit will keep the internal corm-
ponents of the Type 109 from being damaged.

As on example, assume that the Type 109 Pulse Gener-
ator output is connected to ¢ lood which has +70 volts
across it and that the AMPLITUDE control is set to +1
volt. The aclual ampiitude is found by substituting these
valves in the following equation:

Va = Vs — VL = (+1] —“(M—HO] = —4 volfs
2 2

where Vp is the actual pulse amplitude, Vs is the voltage
setting of the AMPLITUDE control, and V; is the dc voltage
applied across the load.

3. if the load will not terminate the 50 output of the
Type 109 Pulse Generator {because it is not practical or
possiblel, then it will be desirable to use o 50-ohm coaxial
lead {between the Type 109 ond the lood} which is long
enough to delay the load's reflection until after the fime
of interest, The reflection will appear at a time equal o
twice the ouiput lead deloy plus the pulse length.

Some representative test systems invelving the Type 109
and other related equipment are described and iliustrated
in this portion of the manual. The systems to be described,
os mentioned earlier, may be used as a basis for the de-
velopment of other more specialized systems required by
specific applications.

Using the Type 109 With Sampling Oscille-
scopes

One of the primary applications of the Type 109 Pulse
Generator is fo use it for checking and calibrating sampling
oscilloscopes which have internal triggering capabilities.
Since this application is edequately covered in the instruc-
Hon manual for the sampling oscilloscope involved, no de-
iailed explanation will be provided here.

In the usual application the Type 109 is used to drive
a test device so the output from the device con be ob-
served and measured on the crt screen of the sampling
oscilloscope. Fig. 3-2 shows how the connections for this
application are made,

In other similar applications, using this setup, the test
device could be a test fixture. An example of o test
fixture that can be used is the Type 290 Transistor Swiich-
ing Time Tester, avoiloble through your Tektrenix Field

Office.

Fig. 3-3 ilustrates a sampling test setup where the de-
vice under test is inserted in series with the charge line.
A clear picture of transmission-line characteristics can be
made using this setup. The presence of discontinuities
along a transmission line can be determined while the line
is under study by means of the escilloscope dispiay.

The Type 109 when used in conjunction with o sampling
oscilloscope provides an excellent means for measuring the
impedances of certain devices and cables. in an application

®
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CHARGE LINE

As required)
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O DEV!(Elg
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PULSE »|  TEST OR
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SAMPLING OSCILLOSCOPE
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< G
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SIGNAL

TYPE 109

—€) INPUT
ATTENUATORS

{f needed}

Y

Fig, 3-2. Sampling test selup where the Type 109 is used fo drive o test devica or fixture.

of this sort, the device is connected as part of the charge
fine while the output from the Type 109 is applied o the
oscilloscope input. If the impedance of the inserted device
is exoctly 50 ohms, it will merely increase the time that
the amplitude of the Type 109 waveform remains constant.
The displayed waveform will also indicate double the de-
lay time for the inserted device.

The test device, such as a piece of coaxial cable, a
connector assembly, or a delay line, can be connected into
the charge line of the Type 109 in the manner shown in
Fig. 3-3. In Fig. 3-4 the Type 109 waveform is shown when
a length of 125-0hm cable is connected info the charge line
in series with two lengths of 50-ohm cable. The portion of
the waveform due to the 125-ohm section is about 40
as high as the first portion of the waveform due to the
50.0hm cable. The duration of the Type 109 waveform due
to the 125-0hm cable is twice the delay time of the cable

so it is evident from the piclure that the true delay time
of the 125-chm cable used is actually 5nsec.

In Fig. 3-4 the relative amplitude of the portions of the
waveform beor a definite relationship to the impedance
of the device that generated that portion. The impedance
of an unknown device can thus be measured by compor-
ing the amplitude of the portion of the Type 109 wave-
form produced by it against the amplitude of the initial
portion due to the 50-chm system. The methad is generally
limited to the first reflection, unless the devialions are
small, due to multiple reflections and reflection losses,

i we call the amplitude produced by the 50-oahm system
V, and the amplitude produced by the inserted device V,,
then the impedance of the inserted device is given by the
formula:

,—{%—{ DEVICE UNDER TEST
i
i

UNTERMINATED ADAPTERS
{if needed)

AT 50.OHM COAXIAL CABLES

o\;"
O o1

G\ PULSE

SAMPLING QSCILOSCOPE

UNTERMINATED o o
& <
C o0 0

TYPE 109

- —i© INPUT
ATTENUATORS

tif needed)

Fig. 3-3. Meosuring impedance by reflection.
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Fig. 3-4. Waoveform obtained when a section of nominal 125-ohm cable is connected us part of the charge line for the Type 109,

the 50 Q2 cable {used as the reference} and determine their
characteristics. | this pad is constructed and used, the
formula for determining the impedance is as follows:

In Fig. 3-4 the ratic of V, to V. is approximately 175,
Using this in the above formula gives the correct impedance
of 125 ohms used to produce the waveform,

It is essential in applications of the type described here 7 50
that no shorts, termingtions, terminated adapters, or attenu- T AV,

ators having low shunt resistance to ground are used in v 1
X

the charge line of the Type 109, If devices such as these

are used, they will prevent the charge lire from charging to

the correct voltage and will thereby prevent the Type 109

from preducing an cutput waveform. Where it is necessary

te match one type of connector to ancther, low-loss un-

terminated adopters should be used, V., = the peak amplitude ot the time of
the reflection,

where: Z = the unknown impedance.

V., == the peak omphiuvde produced by the
50 Q reference impedance.

{Cable-under-test cen-
ter conductor can be left

] e Using the Type 109 With a Conventional Oscii-

shiekd.) loscope
Cable or Component
under test

(If component under test i
Is connected here in
place of table under
test, ground other end
of component to 505
ceble shield.}

The Type 109 can be used with conventional oscilloscopes
in muck the same manner as with sompling oscilloscopes
that have internal triggering copebilities. Fig. 3-8 shows the
connections required. The oscilloscope used in this setup
must have an internal deley line if the signal from the de-
vice is fast-rise non-repetitive or has o low duty cydle.

50 2 cable (Used as o
reference impedance)

From Lo g
Type 109 7 To 50 , ] Lt
508 OUTAUT! 1O; lnput of ﬂ}us sefup is qse%uf where the frequency response of .fhe
Connector =7 Ostilloscope device falls within the bandwidth limitations of the vertical

amplifier system of the oscilloscope. [nternal triggering on
the applied signal is the method that must be used to trig-
ger the sweep. This method of triggering is convenient
- since no external triggering connecticns are required.

All Resistors: 1%, Ve watt

e

A second system is shown in Fig. 3-7. Here the device
under test, besides being pulsed by the Type 109, is able
to provide external iriggers to the oscilloscope. it is there-
by possibie to cbserve the shaping and amplification of @
signal in the circuits of the device without resetting the
oscilloscope triggering controls for each observation. if the
external triggering signal is derived from the waveform

Fig. 3-5. Thres-way dividing pad test circuit for meuasuring im-
pedance by reHection.

As an alternate method, you can construct a dividing
pad such as the one shown in Fig. 3-5. This pad overcomes

a disadvantage of the previous method. With this pad you
can connect low-shunt resistance componenis or devices to

3-4

at the input circuit of the device under fest, the time re-
lationship and phase between the output and input wave-

&
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o CHARGE LINE

CONVENTIONAL OSCHLOSCOME

O \; ;/ PULSE
a

o

o <
o o
PROBE 0 Q 00
DEVICE SIGNAL
UNDER G,, £)
TEST VERT
INPUT
TO
GRND.

TYPE 109

Fig. 3-6. Test setup where o conventional oscilfoscope is wsed in conjunction with the Type 109,

forms may be seen ond compared on the oscilloscope
screen. Bandwidth limitations of the oscilloscope must be
considered when using the setup, In addition, consider the
fact that the oscilloscope should have on internal delay line
$0 the leading edge of a single waveform, or fast-rise low-
duty-eycle pulse can be observed.

Direct Connection to Deflection Plates

In some cases the output signal from a 50-ohm device
under fest con be observed by direct connecHon through
coupling copacitors to the vertical deflection plates of a

conventional oscillescope. Thus, the limited bandwidth of -

the oscilloscope vertical amplifier can be bypassed. The
discussion that follows first describes a method for coupling
the Type 109 pulses to the vertical deflection plates, Next,
a specific setup is used as an example fo show the results
that can ke expected. When the setup is working properly,

the device under test con then be inserted info the signal
line and the output from the test device observed.

The following facters pertaining to the vertical deflection
plate system will be considered: dc operating potential of
the plates, lead inductance, deflection plate capacitance,
transit-time  limitations, delay lnes, and deflection facior.
{if the last factor is o prohibitive limif, then a Tekironix
Sampling Cscilloscope should be considered as another way
to avoid the bandwidth limitations of the vertical amplifier
and at the same time obtain excellent sensitivity.)

A typical circuit for ac-coupling directly to the vertical
deflection plates is shown in Fig. 3-8. This circutt permits
the internal vertical amplifier of the oscilloscope to be by-
passed, but stifl allows the normal dc operating and posi-
Honing voitages to be applied fo the deflection plates from
the internal vertical amplifier. However, when using this
circuit, you must use a high-quolity external delay ling

TRIGGER -
CONVENTIONAL
CHARGE OSCILLOSCOPE © ©
LHINE {with internal
delay Hnel EXT,
TRIG,
. INPUT
D0 Q0o O
O 6 o PROBE
PuLSE .| ONDER SIGNAL
O TEST VERT.
L INPUT
cd 10
GRND.
TYPE 109

Fig. 3-7. Test setup where the oscilloscope is externally triggered by the device.

3-5



Applications—Type 109

Fig. 3-8. Detaited method of ac-coupling the signal diredly to the vertical deflection plates.

which will delay the pulse about 120 nsec fo get the pulse
on the crt screen,

Only approximate values for two of the parts are given.
The values of these and all other parts depend upon the
crt, cable impedance, end lead lengths, Later on, some set-
ups employing o 540-Series Qscilloscope are iliustrated and
described to show how optimum results were obtained by
modifying the circuit shown in Fig. 3-8 to sulf the specific
application.

The coupling capacitors, {1 and C2, provide the mieans
for ac-coupling to the plates. When selecting these ports
for use in the circuit, keep in mind that the physical size
should be small to reduce the lead-length inductance.

The ccble which connects to the terminating resistor
should be long encugh so that if a double-transit time re-
flection appears, it can be ecsily identified from the input
signal, Then, the undesired fermination error causing the
reflection can often be corrected by physical or elechrical
adjustments at the termination.

To find the resonant frequency ) of the lead induc-
tance and the deflection plate capacitance {C) for use in
the equation shown in Fig. 3-8, use the methed that follows.
Turn off the oscilloscope power arnd disconnect the vertical
amplifier output leads to the ct. Cut a wire loop which
equals the total length of C1, €2, R1, R2, R3, R4. Substi-
tute the wire loop for these components between the verti-
cal deflection plate pins. Bring a grid-dip meter near the
loop end measure the resonant frequency.

A convenient method for making connections to the cert
deflection piates is to use clips removed from a standard
miniature tube socket,

After removing the wire lead, measure the total capaci-
tance between the plates with a Tektronix Type 130 LC
Meter, or equivelent, at the deflection plate pins, Capaci-
tance between the pictes can also be found by referring
to a list of crt specifications.

The value of R} is found by solving the equation in Fig.
3.8. Make R2 the same vaiue as RI.

3-6

Since the deflection plates are placed close to the path
of the electron beam, a small amount of current will flow
in the deflection plate circuits. This current flow varies
nonlinearly with the beam position. The values of the re-
sistors R3 ond R4 must be selected to keep the current
flow from producing a large voltege drop at the deflection
plates. H the resistances are tooc greaf, the voltage drops
may become large enough to cause serious positioning
difficulties, defocusing, or distortion, These effecis are most
noticeable when the beam is positioned near one side of the
crt. On the other hond, i the resistances are too small
the short r-¢ time constant of the coupling circuit may cause
the fow-frequency response to be limited.

The risetime limitation is a combination of the limiration
imposed by the resonant frequency (i} {which limits the
risetime arriving ot the deflection plates), and the fransit
time (1) of the electron beam through the deflection plate
system |which fimits the deflection plates’ ability to change
the beam position repidiy].*

The deflection factor can be found from the reference
chart, or it can be meosured as follows: Connect o de velt-
meter between the vertical plates when the internal vertical
amplifier is connected to the deflection plate pins. Measure
the voltage change when the beam is positioned vertically
over the full height of the graticule. Divide this voltage
excursion by the greticule height in centimeters to obtain
the deflection factor in velis per centimeter.

If the output leads from the interral vertical amplifier
of the oscilloscope are disconnected and the power is onm,
do not allow the leads to ceme in contact with the chassis
or tube shield. A short circut of this type can damage the
amplifier circuits.

Typical risetime figures for Tektronix cathode-ray tubes
are listed in Table 3-1.

As a specific example, showing before and after resulits,
a Type 540-Series Oscilloscope with o Type K Plug-In Unit
was used in the setup shown in Fig. 3-9. In this example
*See 1. A, D. lewis and F. H. Well, Milimicrosecand Pulse Tech-

niques, Second edition — 1959, Chopler &, Pergomon Press, Lon-
don und MNew York.

&
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TYPE 540-SERIES
OSCHLOSCOPE
TYPE|10% y *
po CHARGE LINE
jule . L
00G0 1V¥/¢M
Q\ O\ i
4
UNIT
%
Sot for
3 volis L{: ] .
autpul 2.5.NSEC RG-BA/U YERMINATION 20 NSEC/CM
CABLE ADAPTER
Fig. 3-9. Applying o fast-rise pulse from the Type 109 to the Input of a Type 540-Series Oscille-
scope. Tha illustration shows the selyp thot weas used and the resultani waveform.
TABLE 3-1
CRT REFERENCE CHART
TEKTRONIX OSCHLOSCOPE CRT NOMINAL VERT. NOMINAL COMPARATIVE
TYPE {includes rockmounts)* {Type NoJj DEFLECTION RISETIME- WRITING
FACTOR- nsec RATE**
volis/em
531, 535 T51 11.0 to 140 2.0 s to Yy
531A, 533, 535A 1533 8.5 10 105 20 Wy 1o Y
541, 545 154 60 tc 7.0 - 25 Vs to ¥y
541 A, 543, 545A 1543 60 ta 7.0 2.5 Y to Yy
551 T551 60 to 6.5 3.0 e to Wy
555 1555 64 t0 7.3 30 Y to V4
S17A (12 kv) T517 {T54.H} | 7.0 to 8.0 20 V2
S17A {24 kv) T517 [T54-H) 14.0 to 160 15 1
517 12kv) 5XP 17.0 to 300 1.5 *f
517 {24 kv) 5XP 34.0 10 400 1.0 1

* Refer to the instruclion Monual for the oscilloscope you are using lo determine sweep-rale limilatfions.

** \Writing role compared to Type 517 ¢rf, 24 kv, P11 phosphor. Writing rate of T517P11 at 24 kv is 1000 to 1200 cm/psec recorded
on TRIX film of f1.¢ with 4.2 to 1 reduction, Writing rate is increased by o foctor of 2 to 3 using POLAROID 3000 speed film,
even faster for prefogged film. Writing rate is o function of film speed, lens f-stop, optical reduction feictor, type of phasphor, sensi-

tivity of film to color of phosphor, accelerating potential, and beam current. Consult your lecol Tektronix Fieid Engineer or Cver-
seus Representative for more information on writing rotes and phosphors.

the pulse from the Type I(}?. was applied to the Type K
Unit to show how the pulse rise and fall times ore limited
by the bandwidth of the vertical amplifier.

Fig. 3-10 shows the setup which was used to apply the
Type 109 pulse to the verticol deflection plates through a
Deflection Plate Connector {Fart Ne. 013.017). The result-
ant waveform is shown in the same iffustration. The deflec-
tion plate connector circuit that was used is similar to the
ane shown in Fig. 3-11 except C3 and R5 were not added.
The rolioff and gradual slope of the top portion of the
waveform is coused by the use of the 120-nsec RG-BA/U
cable. A long cable is necessary fo obtain sufficient delay
to display the leading edge of the waveform on fthe crt
screen,

To obtain the best resuits, C3 and R5 were added {See
Fig. 3-11). The setup and the resultant waveform are shown
in Fig. 3.12. Even by using two Type 113's that contain

@

high-quality cable, some rolloff occurred and components
C3 and R5 had to be added to sharpen the leading corner
and meke the top of the waveform as horizontal as possi-
ble. If ew signals are opplied to the deflection piote con-
nector instead of pulses from the Type 109, remove C3, RS,
and the Type 113's. Use o short 50-chm GR-8A/U cable
in place of the Type 1137,

By inserting o test device in series with the signal delay
cable wusing the some setup shown in Fig. 3-12, you can
observe and measure net only the cutput of the device but
also the time delay introduced by the device. I the device
is finear, it is unimporiant where the device is inserted info
the signal delay cable. if the device is nonlinear, it may be
advantageous to ploce the device between the delay cable
and the deflection plate connector, especially if the delay
cable risetime is significant, as when RG-BA/U cable is
used in ploce of the two Type 113's.

3-7
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Open end, ROLLOFF

TYPE 540-SERIES
CHARGE LINE 10X PROBE O5CILLOSCOPE

T RS
EXT.
TYPE 109 b TRIG.
c o . o INPUT| g7 vrcm
O & 0000
To junch. of O
B757 and R758.
O Yo grnd.
J / DEFLECTION 20 NSEC/CM
PLATE
Sef for 120-NSEC RG-8A/U CONNECTOR
20 volts  SIGNAL DELAY CABLE (Coupling Network!

outpul,

Fig. 3-10. Applying the Type 109 pulse through a deflection plate connecior network to the <t
vertical deflaction plates. Note thot the use of RG-BA/U coble as a signal delay fine cuuses rolloff
ond ¢ grodual upward slope of the waveform.

R3 TO VERT. AMP.
560K OUTPUT LEAD
€1 Vaw
.00t
mNPUT 11 TO UPPER VERT,
SIGNAL @ 4 ¢ 1 AN —8="—")) bitEcTION PLATE
R4 PIN
1000
" R2 1/8w
1000 100 @
Va w % w
5% 5% "6
1000
1/8
é 11 g 1O LOWER VERT.
11 DEFLECTION PLATE
c2 PiN
.00
TO VERT. AMP.
Yo w QUTPUT LEAD

NOTE
Deflection Plate Connector Part No. 013007  liee
Accassories section} can be easily modified to use
this cireuit [ not alrendy modified).

Fig. 3-11. Cireyit diogram of actual circuit used to obtain the weaveform shown in Fig. 3-12, Com.
ponents €3 and ®5 gid in shorpening the leading corner and flaBening the top of the woveform to
offsat the slight deterioration toused by using a long signal delay line.
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RG-BA/U

CABLES ™y

/““‘L\ / Y DEFLECTION
PLATE

CONNECTOR

Open snd,
TYPE 540-SERIES
CHARGE MNE 10X PROBE QSCILLOSCOPE
hY
TYPE 109 EXT.
° TRIG,
o cooo INPUT
O CD/ To Junch. of
R757 and R758. O
\ Yo Grd. 5 5.vsEc 5.7 V/CM

Set for
24 volts
oufput.

20 NSEC/CM

FYPE 113 TYPE 113
DELAY DELAY

CABLE CABLE Device under test

can be inserted ot
either point,

Fig. 3-12. Note the improved waveform response oblained by using two Type 1713 Deluy Cables
as a signal delay line and by adding €3 and RS to the deflectiun plate connector network,



General Description

A block diogram representation of the Type 109 Pulse
Generator is shown in Fig, 4-1, From this diagram it can be
seen that the Type 109 contains two power supplies; namely,
+10-volt and =+105.volt. The -+10-voli power supply pro-
vides power to operate the Driver Multivibrator, The outout
from the =105.volt power supply is applied to the pulse
amplitude control network.

The Driver Multivibraior drives the mercury swiich ot a
nominal frequency of 320¢ps. Two external open-ended
transmission lines can be used as charge fines for the Type
109, These lines are charged to a voltage set by the pulse
ampiitude control network. The mercury switch alternately
discharges the two charge lines into the 50-ohm output load
to form the output pulses, The two charge lines and two sets
of contacts in the mercury switch cause the output pulse
frequency to be twice the multivibrator frequency, of nomin-
atly 440 cps.

Use the schematic diogrom «f the rear of this monual
while reading the detailed circuit description that follows
next,

Transfermer T601 Primary Circuit

AC power for the Type 109 is applied through a recepta-
cle on the rear of the unit jo the primary windings of Té0).

SECTION 4

CIRCUIT DESCRIPTION

Two primary windings are used, The tweo windings are con-
nected in parallel for 117.volt operation and in series for
234-volt gperation,

A filter network, consisting of T400, C&600 and €401, is
used to reduce power line transients. Thermal cutout TK&01
protects the Type 109 against excessively high interior
temperature. If the lemperature inside the instrument be-
comes too high, the contacts of TK&Q1 will open and turn
off the power applied to the primary circuit, When the
interior temperature drops back to normal, the contocts
will close and reapply the power,

+ 10-Volt Power Supply

The secondary winding of T&01 that ties fo terminals 8,
9 and 10, supplies the ac voltage for the - 10-volt power
supply. This ac voltage is applied to o full-wave rectifier,
D60ZA and D602B. The rectified voltage is then cpplied
through R&10 to filter copacitors C410 and Cé11, all of
which reduce the ripple voltage. Besides reducing ripple,
R610 acts as an overload fuse for the drcuit. H o short
circuit or other overload occurs, it is hkely that this resistor
will burn out before any other component fails.

The filtered, urregulated de¢ voltage is then applied to
R612 and Zener D612 for regulation. The voltage drop
across the Zener is nominally 10 volis. This 10-volt drop is
applied to a voltage divider consisting of o FREQUENCY

- 10-YOLT DRIVER

POWER MULTI. MERCURY

SUPPLY - VIBRATOR SWITCH e 50 §1 QUTPUT
as13 Q725 SW750
G627 Qras

A
+ 1os.voLr PULSE

POWER N AMPLITUDE CHARGE

sUppLY o CONTROL LINES
V479 NETWORK

Eig. 4-1. $implified block diagram of the Type 109,
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Circuit Description-Type 109

0TO 100 Y -
*105-YOLT PULSE
POWER AMPLITUDE g
SUPPLY CONTROL
NETWORK R751 R756
47K 7K
R753 R758
47K 47K
Charge Path SW730 Chorge Path
i o m de——Reed e . A
WU R - ‘ -t b S S ¥ A
177 soncne ; Right so0cHe. |
LINE 1 : Coniuc Contoct LINE 2 !
= Connector Connector -
SHORT 500 OUTPUT LONG
Ext. Line Connector Ext, Line
Z. = 50§ : 2. =500
—QFUUIW Externct

? I —:1: 50  Load :IT: ; {—’

SIMPLIFIED CHARGE CIRCUIT
{Using separate charge lines.)

Bischarging Charging Discharging
1 E 1 | I ¢
i i { i I t '
CHARGE LINE | Y 00— 1 et [ | i
WAVEFORM MONE- | O 50 _ ( l o !
TORED AT THE L — 'y i
1 50% umpllmde
CHG. LINE 1 T 0—i — | duelo50Q | §
CONNECTOR ] i : { external Joad I ! ;
i [ i i ! ! !
! t I t | ! :
; | | I 5 :
i ! | | [ i ;
H i | i t I :
; Full Charge { Dischtl:rging Chorging ll I i Discharging
CHARGE LINE 2 v 100~} 3 i Q 1 ! ¢
WAVEFORM MONI- | © 2V N | i -
TORED AT THE —1 .
CHG. LINE 2 T _; 50% nmphﬂ)de)( : | ;
CONNECTOR $ °— dueto 500 ! L—+ i ! ! !
: external load : : | ; |
| L P Co
1 I i ]| { i !
]I : i i H i {
|
aenatrpuse | YL i | ! | § ;
WAVEFORMS AT 0 5 —m [ | M
THE 50 O T 0 1yt — % - —
OUTPUT CONNECTOR[ 1 ; : ! : E !
i
i : ! | 2 | !
] | | | i i !
1 i f ! i f !
: I I i | i '
L ol 250 | wso__|_ 250 1310 250_|
I psec I psec usec usee pses psec |
I
! Reed closes | Con!ucfl Reed closes: Contact! Reed closes | :
} with left ' opens | with right | ‘opens ! with left
i coniock contoct canfact
i
i
1
I TIME -

Fig. 4-3. Churge and dischorge sequence using two separate differont length charge lines. For this
ittustration CHARGE LINE 2 is twice os long os CHARGE LINE 1, the Type 109 output amplitude is
450 volis, and the nominal rapetition rate of the puises generated from each conlact fs 320 cps.
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0TO 100V - i
+105.VOLY PULSE
POWER AMPLITUDE g,
SUPPLY CONTROL
NETWORK
R751 R756
- f X
- 3
/33 R758
Ch Path Charge Path
el J swrso e -
“““““ Do o |acBeed SN e
~— g Loft Right R
50 3 CHG. Contact Conh 50 Q CHG. I
== LINE 1 / LINE 2 —
Connector 5080 Connector -
QUTPUY ., Externcl
. 50 Q Load A
Single external
interconnacting —_—
charge tine; Z. = 50 { -
} I I ¢ ’
SIMPLIFIED CHARGE CIRCUIT
{Using one charge line between connectors.)
Dip due to tapacitive Dip due to capacitive
coupling of backwave woupling of backwave
from right coniact, from left contact,
1 i
v L
CHARGE LINE o !
WAVEFORM AT
CHG. LINE 1 L :
AND 2 CONNECTORS | | l b
{ 1 §
| !
| .
f | }
i | 1
! oo
v { | ]
WAVEFORM AT | o { 1 1
50 & OUTPUT L ! ! ™
CONNECTOR T ! T —
5 | | 1 I
I i i
I | i
| | 1 !
I I ] !
e - ] fgmnged
P30 'a2so! 1310 280 130 lasg
usec psec usec usec usec psec
Reed closes Contact Reed closes Contact Reed closes Contact
with left opens  with right opens  withleft opens
contact tantack contact
Fig. 4-4, Charge and discharge sequence using the same charge line, Type 109 outpul omplitude
is - 30 volts and the nominal repetition rate is 640 cps.
4-4 ®



Resistors R678 and R&79 set the current passed by V679
at a volue which cllows this tube fo regulate properly
within the line-voltage operating ranges specified for the
Type 109. The regulator tube compensates primarily for
line voltage changes within those operating ranges. The
voltage dacross the ferminals of V679 and the output of
the supply is maintained by V679 at nominaily 105 volts,

Capacitor C679 reduces the amplitude of the spikes
that originate from the mercury switch, Resistor R660 serves
os an overload fuse for this supply. The purpose of R&60
is similar to that of RE10 in the 10-volt supply.

The polarity of the output of the 105-volt power supply
is controlled by the PULSE POLARITY switch, SWE79. By
grounding either of the output leads, either polarity of
output voltage can be cobtained. The output of the power
supply is applied tc the pulse amplitude control network,

Pulse Amplitude Control Nefwork

The 100V SET control, Ré%0, sets the voltage across the
AMPLITUDE control, Ré96. The current drawn from the ==105.
Volt Power Supply by the pulse amplitude control network is
approximately 5ma in all positions of the VCLTAGE
RANGE switch, except EXT. PWR. This means that the
voltage drop across RE%0 also remains constant regardless
of the position of the VOLTAGE RANGE switch. The 100V
SET control is adjusted sc that the voltage af the ungrounded
end of the AMPLITUDE control is set to exactly 100 volts.

The voitage tcross the AMPLITUDE control is always equal
to twice the setting of the VOLTAGE RANGE switch, The
pulse amplifude control network is designed to provide o
nearly constant foad on the power supply while at the same
time dropping the voltage across the AMPLITUDE control
to the proper value, The AMPLITUDE control, when used
in conjunction with the VOLTAGE RANGE switch, permits
the application of any voltage between zero and 100 volts
through resistors R751 and R753 or R756 and R758 fo the
charge lines {see simplified schematic diagram in Fig. 4-3}.
Approximately 250 microseconds is allowed for o single,
interconnecting charge line copacitance to be charged to
the voltage obtained from the wiper arm of the AMPLITUDE
control, The 250-microsecond time duration is the open-con-
tact time of the mercury switch, Using separate charge lines,
about 1.8 milliseconds charging time is available at a
nominat repefition rate of 320 cps from each ceontact. This
is the total #ime that i takes for the reed to leave the
contact, go to the other contact and return,

Mereury Switch

The two charged coaxial cables are alternately discharged
through the 50-chm output load by the mercury switch
SW750. As the mercury switch closes, one of the chorge
lines momentarily acts as voltage source [see Fig. 4-3). The
internal impeddnce of this voliage source is 50 ohms and
the load impedance is also 50 ohms. Consequently, only one
half of the veltoge to which the line was charged appears
ceross the load. {This explains why the ranges of the VOLT-
AGE RANGE switch are cnly  half the actual chorging
voltage.)

@
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-, If we assume thot the line was originally charged to -+100

valts, then o +50-volt output pulse is obicined, A 50-volt
pulse olso travels down the charge line toward the open
end [called the back wave). As the pulse reaches the open
end, it is reflected in phase and returns toward the mercury
switch, As the reflected pulse reaches the mercury switch,
the charge in the cable drops to essentinlly zero aad the
output pulse ends. The duration of the oulput pulise is thus
twice the fransit time of the charge line. The cutput pulse
contains all the energy lexcluding losses) originally con-
tained in the charge line.

As the mercury switch opens, it allows the charge line
to recharge preparatory to the generation of the next pulse

. by that line. When the reed of the mercury switch dis-

connects from one contact, it moves across and closes with
the other contact. This then discharges the second charge
line in the same monner os the first, The mereury switch
then continues this operation of discharging first one and
then the other charge line. If both charge lines are charged
o the some voltage, then both sets of output pulses will
have the same amplitude. Furthermore, if both charge lines
are exactly the same length, both sets of output pulses
will have the same duration. The amplitude, polarity, and
duration of the clternate sets of pulses can be made the
same or different by selecting the charge voltages and
charge lines. Fig. 4-3 shows a waveform obtained when
different length charge lines are used.

A single charge line may be used to generate both sets
of output pulses by connecting one end of the cable to
the 500 CHG. LINE 1 connector and the other end of the
cable to the 50 Q@ CHG. LINE 2 connector {see Fig. 4-4). The
operation of the Type 109 is the sume as before except
that instead of having an open-ended coaxial éable, the
cable is terminated in o resistance of approximately 52 k.
This high resistance produces practically total refiection,

There is o dip in the center of the generated pulse wave-
form {see Fig. 4-4) due to capacitive coupling of the back-
wave from the unused contact. Other than this, however,
there is essentinily no difference between the pulses gen-
erated by a single line and the pulses generated using twe
separate lines. The panel connectors act as 0.25 nanosecond
delay lines cousing pulses to be 0.5 nonoseconds longer
than when one end of the cable is cpen. Use of a single
charge cable insures that the clternate sets of puises hove
exactly the same time duration.

The charge lines used with the Type 109 can be charged
by an external source of power as well as by the internal
power supplies. If an external source is used, the charging
current is applied through the EXT. POWER OR MONITOR
connectors, the 47k resistors, and the 4.7k resistors to the
charge lines. The advantage of using external charge power
lies in the ability to use higher charge volteges to generate
high amplitude pulses,

The two 47k, 2-watlt resistors limit the external veltage
applied to about 600 volis and the output puise amplitude to
approximately 300 volts, Another advantage of using an
external charging source is that o negative charge can
be applied to one charge ling while o positive charge is
applied to the other line. This permits the generation of
alternately positive and negative pulses.
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4. Pivot the resistor networks out of the way, Lift out the
circuit plate and the switch as o unit isee Fig, 5-1).

WARNING

Mercury and mercury vapor are potential causes
of heavy-metal 'poisoning. The mercury switch
consists of a gluss envelope containing contacts,
the mercury reservoir, and gas under high pres-
sure. {f the glass is cracked or broken during re-
moval or replacement, the envelope will likely
explode. This could produce serious injury due fo
flying glass and mercury. Use safety glasses when
you are working with the switch,

7. Unsclder the printed cirevit plote from the switch ter-
minals,

Install the replacement mercury switch as follows:

i. Check the single terminal located ot one end of the
replacement switch, if it is longer than the original switch,
wrap the switch in cloth and cut the terminal for proper
length. Use pliers to round out the cut end of the terminal.

2. Insert the replacement switch inio the mercury switch
body and tighten the setscrew near the bettom of the body.

3. Mount the printed circuit plate with the two 2-56 x %
RHS screws.

4. Solder the two resistors and the terminals to the printed
circuit plate.

5. Install the bios magnet and V679,

4. Adjust the magnet and the FREQUENCY control for
proper reed operation as described in step 4 of the Calibra-
tion procedure (Section 6).

Soldering Precoutions

In the production of Tektronix instruments, a special silver-
bearing solder is used fo establish a bond o the ceramic
terminal strips. This bond can be breken by the repeated use
of ordinary tindead solder, or by the application of too
much heat. Occasional use of ordinary soider will not break
the bond, however, if too much heat is not applied.

If you frequently perform work on Tektronix instruments, it
s advisable that you have a stock of solder containing
about 3% silver. This type of solder is used quite often for
etched circuit boards and should be readily ovailable. &
may alse be purchased directly from your Tekironix Field
Engineer in one-pound rolls [part number 251-514],

Because of the slotted terminals in the ceramic strips, you
will probably want to use a wedge-shaped tp on your
soldering iron. A tip such as this oflows you to apply heat
directly to the soider in the slat and reduces the amount of
heat required. It is important to use as little heat as is
possible and neot to twist the soldering iron. Twisting or
turning the soldering iron in the slof can chip or break the
ceramic strip.

Ceramic Terminal Strips

To remove @ ceramic terminal strip, unsolder all com-
ponents and connections, then pry the sirip, with yokes
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attached, out of the chassis. As an alternative method, use
diagonal cutters to cut off one side of each yoke to free
the strip but try not to damage the spacer.

Fig. 5-2. Installation of ceramic terminal steips.

After removing the strip, the remainder of each yoke con
be easily extracted from the chassis with a pair of pliers.
The vyokes need not be salvaged since new ones are
furnished with the new strips. ¥ spacers are not domaged,
they may be re-used as long as they hold the strip assembly
securely,

To install a new strip, place the spocers in the chassis
holes, insert the yoke through the spacers, and press down
on top of the strip above the yokes. Use a plastic or hard-
rubber mallet, i necessory, to seat the yokes firmly, Be
sure to tap lightly cbove the yokes and drive them down
in equal increments fc keep from placing too great a strain
on the sirip. Fig. 5-2 illustrates the way the parts fit together.
If desired, the extending pertien of the yoke pins can be
cut off fo within about 4" of the lower end of the spacers.

Use the soldering precautions described earlier when
soldering the leads to the strip.

OBTAINING REPLACEMENT PARTS

Standard Paris

Replacements for all parts used in the Type 109 can be
purchased through your Tekironix Field Office, at current
prices. Many of the components, however, are standard
electronic parts than can usually be obtained locally. Before
purchasing @ part, be sure to consvlt the Parts List fo deter-
mine the tolerance and rating required. The Parts List gives
the values, iolerances, ralings and Tekironix part numbers
for all componenis used in the instrument.

Special Parts

in addition to the standard electronic components men-
tioned in the previous paragraph, special parts are also
vsed. These parts are manufactured especially for Tektronix
by other companies. These parts and most mechanical parts
should be ordered through your Tektronix Field Office since
they are normally difficult or impossible to obtain from
other sources.




TROUBLESHOOTING

Introduction

In the event that trouble develops use the information in
this portion of the Instruction Manuel to more efficiently
troubleshoot the Type 109. The information that foilows be-
gins with prelimingry checks to make. Then it progresses
to circuit froubleshooting. Troubleshooting tebles are pro-
vided as an aid to locating the exact cause of the trouble.

PRELIMINARY CHECKS

Frent-Pane! Controls .

When a trouble occurs in the Type 109, you should first

recheck the settings of all controls to see that they are
set properly. Then operate the front-panel conirols to see
wher effect, if any, they have on the trouble. The norme!
of cbnormal operation of each control will allow you to
firmly establish the symptoms in your mind.

CIRCUIT TROUBLESHOOTING

Isclating the Trouble

After the symptoms have been clearly established, look
for the obvious signs of trouble in the associated areas.
For example, if there is no output pulse, check to see that
the pilot light s on, listen for proper mercury switch reed
operation, see that V&79 glows normally, and took for
overheated components.

in general, any troubleshooting precedure can be thought
of as consisting of these steps:

1. Note the symptoms and the effect, if any, on the symptom
when operating the front-pane! controls.

2. Look and listen for the obvious signs of trouble.

3. Use the schematic diagrom to determine which circuits
o check first,

4. Make the check, H you don't find the trouble, make
detailed checks unil the exact cause of the trouble i
found.

5. Moke the repair.

Maintenance—Type 109

In many cases, Tables 5-1, 52 and 53 will enchle you
te accomplish the first four steps quite easily, Just find the
symptem in the first column of Table 5-1 that most closely
approximates the one you notice about your instrument.
Then, make the checks that are listed in the second column
untif you find the exoct cause of the trouble.

Table 5-1 does not list every possible symptom or check,
but it does have a few references which direct you to Tables
5.2 and 5-3, These last two tables are arranged so that they
can be used individually to perform quick checks on the
operation of specific circuits, Table 5-3 &5 o guide for
troubleshooting the Driver Multivibrotor stage and the
+10-Volt Power Supply; Table 5-3 is a troublesheoting
guide for checking the 105-Volt Power Supply.

Checking Semiconductors

Semiconductor defects wusually take the form of the
transisior or diode either opening or shorting. A transistor-
curve display instrument, such as the Tektronix Type 575, is
useful for finding abnormal semiconductor difficulties. How-
ever, most failures can be located with an chmmeter.

A check for open or shoried semiconductors, using an
ohmmeter, shouid be made with the ohmmeter leads con-
nected both ways between the terminals so that the effects
of the polarity reversal of the voltage can be observed. Use
of the RX1 scale of the ohmmeter should be avoided when
checking Q613, because the low resistance in series with the
transisior and the internal voltage source of the ohmmeter
could conceivably cause demage to the transistor,

i there is doubt cbout whether ¢ semiconductor is good
or not, substitute another for it in the cirevit. Be sure first,
kowever, that the voltages and loads applied to the semi-
conductor are normai before making the substitution. # a
transistor or diode is substituted without first checking out
the circuit, the new semiconductor moy immediately be
damaged by some defect in the cireuit.

Calibration After the Repair

When you have found the cause of a trouvble in the Type
109 and have replaced a component, check the schematic
diagrem to determine i any adjustments in that area are
affected by the repair. For example, if you replace V679,
you will need to check the 100V SET adjusiment,
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TABLE 5-1
SYMPTOMS
Symptom Possible Checks to Make
1. Pilot light does not light; mercury switch reed does not vibrate. a. Check that line powser is applied.
b. Check fuse F&01.
c. Check POWER ON switch.
d. Check line filter T600 for open circuit,
e. If Type 109 interior temperature is over 175° F, TKé01 is probabiy open.
Find cause of overheating.
2. No output puise; mercury switch reed does not vibrate; driving transformer a. Check bias magnet positioning ond FREQUENCY  adjustment Ipertorm
T750 puts cut a barely audible hum at about 640 cps. step 4 in Section 8.

b. Check to sge that T750 mounting screws are fight.

Check waveform af collecrars of Q725 and Q735. If waveform is cor-
rect, replace mercury switch SW750; if incorrect, go to Table 5-2, step 1.

3. No output pulse; mercury switch reed does not vibrate.

4. No cutput pulse; (VOLTAGE RANGE switch set to 0.5, 5.0 or 50); mercury a. Check for grounded reed terminai thot connects to 50 ¢ OUTPUT con-
switch reed vibrates normally. nector {hex setscrew located near bottem of casting could be loosel.

b. Check for a 100-volt reading at ungrounded end of AMPLITUDE control
with VOLTAGE RAMNGE switch set to 50. If normal, check for trouble
between wiper arm of AMPLITUDE contrel and SW750 contacts. if volt-
age reading is abnormal {zero volts) go to Table 5.3, step 1.

5. No output pulse when VOLTAGE RANGE switch is set fo 5.0; mercury Check for open SWé&90 switch contact for that position.
switch reed vibrgtes normally.
4. No output puise when VOLTAGE RANGE switch is set to 0.5; mercury Check for open SW690 switch contact for that position.

switch reed vibrates normally.

7. littery output pulse; mercury switch sounds normal. Check for a loose 0.050" hex sefscrew af exireme bottom end of the
mercury switch casting. {This setscrew holds the center conductor of the
500 QUTPUT connecior tight.)

B. Jittery output pulse; mercury switch operates abnormally even when step Probably the mercury switch is defective; check by replacing i {norma!
4 in Section & is performed. life of o mercury switch is about 200 hours.)
9. Risetime of the output pulse is more than 0.25 nsec. Check for c loose 500 OUTPUT GR connector.
TABLE 5.2

DRIVER MULTIVIBRATOR STAGE AND 4 10-VOLT POWER SUPPLY
{Refer to schematic diagram for typical waveform, voltages, and ripple amplitudes.)

Trouble Possible Checks to Make

1. Waveform at collectors of Q725 and Q735 is incorrect, a. Check voltage at emitters of Q725 and Q735. If normal, substiture Q725
and/or Q735. If voltage is appreciably high, go to step 2 in this table;
if too low, go to step 3.

b. Check continuity through T750.

Check C750, R750 and R744.

Check for broken leads.

Ao
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Inireduction

A complete procedure for checking the operational
standards and codiibration of the Type 109 Pulse Generator
is provided in this section of the manual.

Apparent troubles in the instrument are occasionally the
result of an improper adjustment, Consequently, colibration
checks should be an integral part of any troubleshoofing
procedure, Abpormal indications occurring during calibra-
tion checks will often nid in isolating iroubles to a definite
circuit or stage.

in the insiructions that follow, the steps are arranged in
proper sequence for a complete check and calibration of
the instrument. Each numbered step contains the informa-
tion required to make one check or adjustment or a series of
related checks or cdjustments, The steps are arronged to
aveid unnecessary repetition of checks or adjustments.

Test equipment used in o particular step shouid be left
connected af the end of that step unless instructions state
otherwise. Similarly, controls not mentioned are assumed fo
be in positions they were in at the conclusion of the pre-
ceding step.

Equipment Required

The foliowing equipment is required fto perform a com-
plete calibration of the Type 109

{1} Conventional test oscilioscope such as a Tekironix Type
540.5eries Oscilloscope with a Type b Plug-tn Unit, a
Type P4000 10X Anenvator Probe and a Type P6027
1X Astenuator Probe. Sustitute specifications: Bandpass
30 me with the 10X probe; deflection factor, at least
50 mv per ¢m and at least 5mv per cm ot reduced band-
pass.

{2} Sampling test oscilloscope such as a Tektronix Type 561
Oscilloscope with o Type 3574 and a Type 3777 Plug-n
Units. Substitute specifications: Risetime, 0.4 nsec or less;
any deflection factar up to 20 volts per division, [The
Tektronix Type 519 {conventional} Oscilloscope can
also be used as an excellent substitute.]

(3} One 50-ohm 20-nsec cable, 140", RG-BA/U, with GR
874 connectors on each end, Part No. 017-504,

{4) One  50-0hm 5Snsec cable, 407, RG-BAfU, with GR
874 connectors or each end, Part No. §17.502,

{5) One 50-ohm terminated cable assembled as shown in
Fig. é-1. Requires the following parts:

SECTION 6

CALIBRATION

G S0-OHM
CORNECIOR ¥ 2G-5BA/U CARLE
——————————————————————— 1086
O

TENGTH 8

fig. 6-1. 50-ohm terminated pigtail circuil.

T8 BRG-58A U cable with o GR 874 connector on cne
end, the other end is pigtailed, Part No. 017.503,

2—100-chm Yy-walt composition resistor.

39k

*!._
o 1Y

504 .50 02
CHG, (& CHG.
LINE LINE
2 +
o -2
22 ¥
QUTPUT
o 10K
LOAD
RESISTOR

L
CHASSIS

I\ @ @ GROUND

TYPE 109

QQ

%

Fig. 6-2. Mercury swilch tester circuit connected to the Type 109

i} One mercury switch teste constructed simitar to the one
shown in Fig. 6-2. Use the following parts:

2—1yvolt batteries

122k V;-watt composition resistor
1—39-k !p-watt composition resistor
1—10k Yy-wait composition resistor
3-Baenana plugs

1—Alligator <lip

1—3" wire lead

3-—12"wire leads
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Closure
Tima Intarvals

CHG, LINE 2
Cuiput, 403V

Zaro
Referonte

CHG. LINE 1
OUTPUT, =05V

Reforence §

Contacis ara
bridging.

Zero

—o0avE

Open-Contact Open-Contact

Time Interval, Time Intervad,

250 psec or 250 psec or
lenger lengar

Fig, 6-6. {a) Proper and {b) improper waveform displays. Sweep rate is T millisec/cm. Wavetorms
{c] and {d) show the open-contact fime infervals of o sweep rote of 100 psec/em.

4. Adjust the Biasing Magnet and FREQUENCY
control

a. Set the Type 109 VOLTAGE RANGE switch to EXT.
PWR.

b, Connect the leads from the mercury switch tester to
the Type 109 conneciors as shown in Fig. é-2. Use
care when inserting the bananea plugs info the con-
nectors as explained previously.

The 22k and 3%k resistors in the tester cre used
to produce pulses of different omplitudes across the
10-k load resistor. They also keep the battery drain low.
The bateries are connected in the cireuit to produce
pulses of opposite polarity. The two pulses of op-
posite polarity and amplitude mcke it easy to ob-
serve the operation of the mercury switch under
dynamic conditions.

c. Set the Variable Yolts/Cm Switch of the conventional
test oscilloscope to 05

d. Roigte the Stability control on the test oscilloscope
fully clockwise to obtain g free-running sweep.

e. Ground the probe tip and position the irace to 2
millimeters above the graticule centerline to estoblish
a convenient zero reference.

f. Connect the probe across the 10-k resistor and adjust

the test oscilloscope triggering controls to obtain a .

stable display.

There may be slight horizental jitter due to mechan-
ical closure of the reed and @ spike on the leading
corners of the waveform due to the tester's lecd
lengths,
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g. Vary the auiotransformer between 105 and 125 {or
210 and 250} volts and check the waveform for the
following characteristics:

{1} Check for a clean, steady waveform display simifar
to the one shown in Fig. é-6a. The closure inter-
val for one set of contacts does not have to be
the same as the closure inferval for the other set
of contacts.

S

Check that the contacts do not bridge; ie., short
together during open-contact time. If the contacts
are bridging, you will notice that the open-contact
time or step portion of the waveform will move
beiow the zero reference leve! to about —0.2 volt
[see Fig. é-6b). The 0.2-volt change is equal to the
drop across the 10-k load resistor in the tester due
to “bridging" current,

i3

—

Check that the contacts remain open for 250 usec
or longer. To check the opan-contact time intervals,
set the test oscilloscope Time/CTm switch to .5
Millisec end the 5X Mag. to ON [or 5X}. The mag-
nified siep portions should appear similar to those
shown in Fig. é-éc and 4-6d. Return the oscillo-
scope controls to their former positions.

{4) Check that the closure time is longer than the
open-contact time.

h. If the mercury switch does not operate properly and
produce o clean waveform with desirable character-
istics as shown in Fig. 6-6a and as described previ-
ously, adjust the bias magnet ond FREQUENCY
control as foflows:

(1) Set the FREQUENCY control to midrange.
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5. Check Duiput Amplitude
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Calibration—Type 109

g. Check that the woveform has @ pulse duration of about

40 nsec at the 50% -amplitude level [see Fig. 6.8}

k. Check amplitudes using Table 6-4. For each check,

i

adjust the test oscilloscope triggering and position-
ing controls for best display of the waveform. In ad-
ditien, while checking the amplitude, check that the
pulse durction is 40 nsec.

Disconnect the jumper lead, the 10X probe and the
pigtail termination,

Turn off the conventional test oscilloscope.

6. Check Risetime
a. Set the front-panel contrels on the Type 561A [sam-

pling) Oscilloscope with its Type 3876 and 3177 plug-
ins fo the settings thet tollow. [If you are using a
substitute oscilloscope, set the oscilloscope controls
to svitable positions for meosuring the risetime of

the Type 109.)

Power On
A Position Midrange
Maode A only
Smooth-Normel Normat
A Mv/Div. 100
A 2-200 Voriable Calib.
De Offset Midrange
A Norm -inv. Norm.
Internal Trigger A
{Herizontal) Position Midrange
Time/Div. 2 nSec.
Variable {Time/Div,} Calib,
Horiz. Mag. X1
Dots Per Div. 100
Sweep Mode Normai
Delay Fully counterclockwise

Trigger Sensitivity
Recovery Time

Fully counterclockwise
Fully counterclockwise

int.-Ext. Trigger +int.
b. Set the Type 109 controls o these settings:
AMPLITUDE 10
VOLTAGE RANGE 5
PULSE POLARITY +

o
-..-.-‘\

Loidedetedorfodvbnbndodid
'Q\"”'

L
LN S T

Fig. $-%. Measuring the rlsetime. Equivalent sweep role is 9.2
nsac/om.

Connect & 5-nsec cable between the 500 OUTPUT
connector on the Type 109 and Input A on the som-
pling cscilloscope.

. Advance the oscilloscope Trigger Sensiiivity control

until o sweep trace cppears on the screen. Use the
A Position, Dc Offset (if necessary) and the [Hori-
zontal] position controls to position the trace fo coin-
cide with the bottom graticule marking,

. Advance the Deloy control to display the rising por-

tion of the pulse on the screen, Adjust the Type 109
AMPLITUDE conteol so the pulse woveform is exoctly
5cm in omplitude.

Verticaily position the waoveform Smm above the
bottem graticule marking (see Fig. 6%}

. Horizontally pesition the waveform so the time inter-

val between the 10% and 909% points on the rising
portion of the waveform can be ecsily determined
with the aid of the greticule markings.

. Measure the system risetime which should be 0.44

nsec or less,

Disconnect the jumper lead, the '0X probe and the
If the number of random dots inside the pulse-wave-
form envelope is more than 25, readjust the FRE-

QUENCY conirol in either direction slightly o obtain

a cleaner waveform.

Turn off the conventional test oscivlloscope.
that witt no longer be used.



SECTION 7
PARTS LIST AND SCHEMATICS

PARTS ORDERING INFORMATION
Replacement parts are avaifable from or through your local Tektronix Field Office.

Chonges to Tekironix instruments are sometimes made to accommedate improved
components as they become availoble, and fo give you the benefit of the latest circuit
improvements developed in our engineering depariment. |t is therefore important, when
ordering parts, to include the following information in your order: Part number including
any suffix, instrument fype, serial number, and modification number it applicable.

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

ABBREVIATIONS AND SYMBOLS

a of amp amperes mm millimeter
BHS binding head steel : meg or M megohms or mega {16%)
C carbon met. metal
cer ceramic m micro, or 107°
cm centimeier n nano, or 1077
comp composition Y] ohm
cps cycies per second ob outside diemeter
crt cathode-ray tube QOHS ovel head steel
CsSK counter sunk p pice, or 1072
dia diemeter PHS pan head steel
div division piv peak inverse voltage
EMC electrelytic, metal cased plstc plastic
EMT clectroyltic, metel tubular PMC paper, mefal cased
ext external poly polystyrene
H fared Prec precision
Fé&l focus and intensity PT paper jubular
FHS flat head stee! PTM paper or plastic, tubular, molded
Fil HS fillister head steel RHS round head steel
gorG giga, or 107 rms roct meen square
Ge germanium sec second
GMV guaranteed minimum vaolue Si silicon
h henry S/N serial number
hex hexagonal tor T tera, or 10Y%
HHS hex head steel ™ toroid
HSS hex socket steel (THS truss head steel
HY high voltage tub. tubelar
1D inside dicmeter v orV volt
incd incandescent Var variable
int internat w watt
k or X kilohms or kilo [10% w/ with
ke kilocycle wlo without
m milli, or 1073 Ww wire-wound
mc megacycle
SPECIAL NOTES AND SYMBOLS
X000 Part first added of this serial number.
000X Part removed after this serial number,
*000-000 Asterisk preceding Tektronix Part Number indicates manufactured by or for Tekironix,
or reworked or checked components.
Use 000.000 Part number indicated is direct replacement.

6 Interncl screwdriver adjustment.

— 1 Front-penel adjustment o connector.



Parts

LighorType 0T

FRONT

! SERIAL/MODEL NO, -

f PART NO. | EFF. pise. | v DESCRIPTION

I 33-0658-00 ; I PANKL, front
o e e e ; - mount ing herdware:  {pot inoluded w/panal)
213003600 2 BURFW, thresad cutting, 4-40 x 5/16 inch, RES phillips
3GT-0433-00 ¢ 1o PLATE, Tfrout subpanel

2 jm o == =< | BUBPART OF MERCURY SWITCH ASSEMALY

3 R - | BUBPAET OF MERQURY SWITCH ASBEMBLY

s e L | BULE, nson
e “ mounting havdware:  {not inciuded w/bulld
220=GL3%-00 ¢+ 101 pL5i] 3 HUT, keurled, 3/6-32 » L/2 inch
‘Eiﬁvﬁﬁﬁﬂwﬁﬁg 154 i HUT, hex, 37852 % 7/16 inch
I THA00 1 RFS0 i WASHER , 3/8 ID x 3/7 dnoch OD
R0 Q0T 00 §ORTAG 1 LOCEWASHER , internal, 3/8 % 172 fnch

5 L2AG-D199-00 1] SETOH, roggle -» POWER ON
e e e . o - - mount bng hardware: (pol inciuded w/mwicoh)
2I0- 067300 i WUT, switch, 15/32-32 x 57864 fneh, 12 sided
AF0-0902-00 i WASHER, 470 1D x 21/32 i{neh DB
3540059 ~00 1 RING, locking, switel

£ 366-0140%-00 | 11 KNOD, Voltage Range
DG 1G3-00 | | 1 IHUT, hewx, 3/8-32 x 1/2 inck
FI0-DEL0- 0D 1o WASHER, 390 IB x 9/18 ineh OD
2I0-0013-040 1 LOCKRASHER, loternal, 5/8 x 11718 Lmeh

7 eb-U1a5-00 1 i ¥NOB, Amplitude
218-0413-040 L P RUT, hew, 3/B-32 x 172 dnek
210-0840-00 I WASHER, .390 ID x $/15 Llnch OB
2001300 I LOCKWASHER, internel, 3/8 x 11/16 imeh
210-0207-00 ¥ LYE, selder, por, plaln, 3/8 {nch

% 2600212400 T OSITOH, slide -- PULSE POLARITY
R ;- mounting hardware: (oot inclwded wiswiteohd
210000400 -2 LOCHHASHER, internal, #4
20040600 ; & NUT, hex, 4=40 x 37186 inch

10% MECHANICAL
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Parts List—Type 109

BEF, SERIAL NO. ?
NO. | PART NO. ESF. DISC. 3y BESCRIFTICN
i ABT-ELE i PLATE, overlay, rear
Hounting Herdwsre: (not dncluded)

213054 z SURI, thresd cutnisg, 4~60 » 50L& 8BS, phillips
AR w4 N i PLATE, rear subpanel

2 35 R 1 WARLER, fose
200315 i AP, fuspe
FLi-873 i WASHER, vubber, 1/2 15 x 11716 OD

3 AT 1 ConEROToR, ehassis we,, coaxisl,

_ Gengisting O
1R =04l i FOET, pround, &40 thread one g
200~ 185 i COVER, 3 wive motor base
210-003 i LOCKWASHER, oxt,, #%
2L0-551 2 RE, hex, 440 = 154
11815 L SCREW, 4~40 x L/Z RHE
214078 E PI¥, cotnecting, motor bHawsé
BT ) 1t IHGERT, black urea
GHG~93T 1 TLATE, wotor base mounting
Mounting Hardware: (a0t §i Laded)

211-552 i SCREN, 632 % 2 BHS
PG5 T z WIT, keps, 6-37 x 3/

£ ] 3EG=63{ L i, woltage rating

Pount Ing Herdware: (not indluaded} _

P10 o SCREW, thread cutfdng, S4=40 x 5715 PHE, phillips

e
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RIGHT SIDE
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109

Parts List—Type
RIGHT SIDE
REF, SERIAL NO. ?
NO. | PART NO. EFF. DISC. | v DESCRIPTION
1 650-212 1 MERCURY SWITCH ASSEMBLY
Includes:
387-133 1 PLATE, switch mounting
131~106 2 CONNECTOR, chassis mt,, coaxial, female
132001 3 NUT, coupling
132-002 3 SLEEVE, conductor, outer
132-016 3 NUT, retaining
132-028 3 INSULATOR
132-029 3 CONDUCTOR
132-G30 3 TRANSITION, inner
337~354 3 SHIELD, connector
103020 1 ADAYTER, lower, comnecter
103022 2 ADAPTER, upper, connector
361-019 2 SPACER, disc, teflon, upper, connector
361~020 1 SPACER, disc, teflon, lower, connector
132-640 3 ADAFTER, panel
Mounting Hardware For Each:
211-038 4 SCREW, 4-40 x 5/16 FHS, phillips slot
387=111 1 PLATE, printed circuit, glass laminated
Mounting Hardware:
211-001 2 SCREW, 2-56 x 1/4 RHS
210=001 2 LOCRWASHER, int, #2
204=042 1 BODY
210-413 2 NUT, hex, 3/8-32 x 1/2
210-012 2 LOCKWASHER, fnt, 3/8 x 1/2
213-048 2 SCREW, set, 4=40 x 1/8 HHS, allen head
352-027 1 HOLDER, magnet, nylon
Mounting Hardware:
211-019 2 SCREW, 4=40 x 1 RHS
210-949 2 WASHER, 9/64 ID x 1/2 oD
119=006 1 MAGNET, pocket
211-512 i3 SCREW, 6-32 x 1/2 FHS
343~075 1 CLAMP, switch, toroid
Mounting Hardware:
211-564 2 SCREW, 6=32 % 3/8 hex, socket head cap
Mounting Hardware for Switch: (not included)
210-457 4 NUT, keps, 6~32 x 5/16
2 1 344-014 1 CLIP, spring, tube
3 { 210-413 2 NUT, hex, 3/8-32 x 1/2
210-840 2 WASHER, ,390 ID x §/16 OD
4 | 213-044 2 SCREW, thread cutting, 5-32 x 3/16 PHS, phillips slot
5 1 212-037 1 SCREW, B-32 x 1-3/4 Pil HS .
210~-008 1 LOCKWASHER, int, #B8
210-809 1 WASHER, centering, resistor, 25 w
210462 1 NUT, hex, 8+32 x 1/2, 25 w resistor mounting
212=004 1 SCREW, 8-32 x 5/16 BHS
6 | 212-516 4 SCREW, 10-32 x 2 in.
210-8%12 4 WASHER, fiber, #10
210010 4 LOCKWASHER, int, #10
210~564 4 NUT, hex, 10-32 x 3/8
7 | 361~015 1 SPACER, line filter
8 | 387-025 1 PIATE, line filter cap
9 | 354~068 1 RING, securing, poly.
10 | 210~201 1 LUG, solder, SE 4
213~044 1| SCREW, thread cutting, 5=32 x 3/16 PHS, phillips slot
11 | 211-510 2 SCREW, 6+32 x 3/8 BHS
2i0~202 1 LUG, solider, SE 6
210-006 2 LOCKWASHER, int, #6
210-407 2 NUT, hex, 6~32 x 1/4
12 | 200-256 1 COVER, capacitor, pely.

@
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Paris List—Type 109

LEFT SIDE

REF. SERIAL/MODEL NO. | 0

NO, PART NOQ, EFF. DISC. ; DESCRIPTION

1 |381-0174-00 1! BAR, extrusion channel, top support
- = e - - Mounting Hardware; {not included)
211-0542~00 4 SCREW, 6-32 x 5/16 THS, phillips slot
210-0457-00 4 NUT, keps, 6~32 x 5/16

2 ]348-0005-00 1| GROMMET, rubber, 1/2

3 179-0542-00( 101 201 1} CABLE, harness
179-0663-00| 202 1| CABLE, harness

4 1367-0007-00 1| HANDLE, drawer :
------ - Mounting Hardware: (not included)
212-0023-00 SCREW, B-32 x 3/8 BHS

5 |124-0091-00 4} STRIP, ceramic, 3/4 x 11 notches
361-0008-00 8} SPACER, nylon, molded

6 :136-0008-00 1: SOCKET, STMIG
- e m e e - Mounting Havrdware; (not included}
214-+0034-00 2 BOLT, spade, 4-40 x 5/16
210-0801-00 A WASHER, 58 x 9/32
210-0004-00 & LOCKWASHER, int. #4
210-0406-00 2|  NWUT, hex, 4-40 x 3/16

7 (136-0095-00| 101 689 1! BOCKET, 4 pin, transistor
136-0181-00( 690 1| SOCKET, 4 pin, transistor, snap-in
------ - Mounting Hardware: (not included)
213-0113~00; 101 689 z SCREW, 2-32 x 5/16 RHS, phillips slot
354~0234-00! 690 1 RING, transistor socket

8 (129-0049-00 4| POST, terminal, transistor mounting
210-0006-00 4| LOCKWASHER, int. #6
210-0407~00 4| NUT, hex, 6-32 x 1/4
386-0978-00 2| PLATE, mica, transistox insulating
210-0900-00 4| WASHER, bakelite, transistor mounting (not shown)
210~0804-00 4| WASHER, 85 x 3/8 (not shown)
210~0008-00 4| LOCKWASHER, int. #8 (not shown)
210-0409-00 4| NWUT, hex, 8-32 x 5/16 (not shown)

9 |34B-0003-00 3{ GROMMET, rubber, 5/16

10 |441-0384-00 1{ CHASSIS
ERCECE I - Mounting Rardware: (unot included)
211-0541-06 5 SCREW, 6-32 x 1/4 FHS, phillips slot

11 | 386-0255-00 2| PLATE, metal, capacitor mounting
------ - Mounting Hardware For Each: {not included)
211-0534=-00 2 SCREW, 6-32 x 5/16 PHS, w/lockwasher
210-0006~00 2 LOCKWASHER, int. #6
210-0407-00 2 NUT, hex, 6-32 x 1/4

12 ]1386-0252-00 1; PLATE, fiber, capacitor mounting
------ - Mounting Hardware: {(not inmcluded)
211-0534-00 2 SCREW, 6-32 x 5/16 PHS, w/lockwasher
210-0006~00 2 LOCKWASHER, int. #6
216-0407-00 2 NUT, hex, 6~32 x 1/4

13 {200-0237-00! 101 629X 1: COVER, insulator, fuse holder




Parts Llist—Type 109

CABINET

REF, SERIAL NO. ?
NGO, | PART NO. EFE, DISC. Y. DESCRIPTION
1 387-212 2 PLATE, cabinet side, left & right
Each Includes Mounting Hardware:
105-009 2 STOP
210=470 2 NUT, cabinet fastener
210-870 2 WASHER, 9/64 ID % 5/16 OD
213=040 2 SCREW, fastening, 6-32 x 3/8
2 ag7-211 1 PLATE, cebinet bottom
Mounting Hardware: (not included)
211-565 4 SCREW, 632 x 1/4 THS, phillips slot
3 348~013 4 FOOT, rubber, 1/2"

7-8



Parts Lisi—Type 109

ACCESSORIES

REF. SERIAL NO, ‘;"

NG. | PART NO. EFF. DHSC. Y. DESCRIPTION
1 017-060 101 209 |1 CHARGING NETWORK

017067 210 1 CHARGING NETWORK
2 017=502 3 50 4 5 NSEC CABLE, RG 8/AU
3 103-013 1 ADAPTER, power cord, 3 wire to 2 wire
4 161~010 1 CORD, power, 16 ga. 8 ft., 3 wire
@
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Values are fixed unless marked Variable,
Bulbs
Toktronix
Ckt. No. Part Number Description
B&01 150-019 Neon, Type NE-2E

Capacitors

Tolerance =207 unless otherwise indicated.

Tolerance of cli
3y — 50V

51V — 350V
/Y — 450V

Cé60
Cé01
C610
Cétt
Cé14

Ce27
C661AB
Cé79
C696
C750

D402AB
D612
D662A.B,C.D

F&07

elechrolytic copacitors are as follows [with exceptions):
~10%, +250%
"’"""‘]0%: “"[’”]00%
—10%, +50%

I

281.559 1500 pf Cer,
281.585% 1500 pf Cer,
Use 290-0029-00 2000 uf EMC
Use 290-0029-00 2000 pf EMC
290.107 25 uf EMT
290.015 100 pf EMT
Use 290-0012-00 2 % 40 pf EMC
283008 O uf Dise Type
283-000 001 uf Disc Type
Use 283.057 g ouf Disc Type
Diodes
152.035 2} INB43A Silicon
152.064 10v Vaw 10% Zener
152-047 (4] 1N2862 (or equal) Silicon

Fuses

Use 159-0032-00
Use 159-0029-00

5 Amp. 3AG Slo-Ble 117v operation
3 Amp. 3AG SloBlo 234 v operation

Resistors

Resistor are fixed, compesition, =:10% unless other wise indicated.

R&0T
R610
RS2
R614
R&15

R614
R626
R640
R&6}
R478

@»

302-683 &8k Vow
308-165 S50 5w
301-421 6200 Vow
311-008 2k 2w Var.
302-332 313k Vo w
302272 27k Yo w
308-219 60 25w
302-100 160 Vo w
306182 1.8k 2w
306-152 1.5k 2w

Parts List—Type 109

S$/N Range
Pilot Light

500 v
500 v
20v
20v
25v

2By
250y
500 v
500v
200v X202-up

80-60 cycle
50-60 cycle

ww 5%
5%
FREQUENCY

W 5%

7-11
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Tektronix

Cki. No. Part Number
R&79 306152
R&%0 311.971
REN 309.034
R692 309-020
R&%4 309-153
R&%5 309279
R694 311-053
R744 302-681
R750 308.013

302-181
R751 304.473
R752 302.473
R753 302-472
R756 302-473
R757 306-473
R758 302-472

Unwired Wired
SWe01  240-19%
SW679 260212

SWER0  260-410  *262-419
SW750  Use *260-0282.02
K401 260-413

TR0 *120-164

T401 *120-237
1750 *120-240

Q613 151042
Q627 151-060
Q725 151-060
735 151-040

Vé79 154075

7-12

Resistors [continued)

Description
1.5k 2w
225k Yar
18k Yy w
1.8 meg Yo w
26 i( !/2 w
180k Yow
20k Var,
680 0 Vow
2000 10w
180 Q2 Vow
47 k 2w
47 k t/; w
47 k YVaw
47k 1/2 w
47k 2w
4.7 k ‘/2 w

Switches

Toggle SPST POWER ON
Slicle PULSE POLARITY
Rotary VOLTAGE RANGE

Mercury Switch
Thermo cut-out 175°F

Transformers
Torotd 3T TD12
L.V, Power
Toroid TD34

Transistors

Transistor  2N1378

Transistor  2N1545
Transisior 2N1545
Transistor 2N1545

Electron fubes

o2

Prec.
Prec.
Prec.

Prec.
WWw

WWwW

S/N Range

110-V SET
%
1%
1%

1%
AMPLITUDE

5% 101-201
202-up
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FMPORTANT:
ALL CHRCUT VOLTAGES WERE DBTAINED WITH A
A0, 000N/ Y VOM, ALL READINGS ARE (N VOLTS.

VOLTAGE & WAVEFORM AMPLITUDE MEASUSEMENTS

ARE NOT ARSOLUTE. THEY MAY VARY BETWEEN
INSTRUMENTS A% WELEL AS WITHIN THE iNSTRUMENT
ITSELF DUE TO NORMAL MANUFACTURING TOLERANCES
AND TRANSISTOR AND VACUUM TUBE CHARACTERISTICS.

ACTUAL PROTOGRAPHS OF WAVEFORMS ARE SHOWN, WITH
TEST OSCILLOSCOPE SET ON # INT. TRIGGERING.
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