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Specifications and -price change privi-
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Fig . 1-1 . 2901 Time-Mark Generator.



Introduction

SECTION 1

SPECIFICATIONS
C h ange information, if any, affecti ng t his section will be fou n d at t he
rear of t he man u al .

T he 2901 Time-Mark Generato r is α compact, wide range,

	

The inst rument is provided wit h an attached three-wire
solid state inst rument t h at provides accurate time and f r e-

	

power cord wit h α three-termihal pola rized p l u g to connect
quency ma rk e rs fo r calibrati ng a nd verifyi ng both the sweep	to the power source . The t h i rd wire, d i r ectly connected to
time accuracy of oscillosco pes and t he frequency dispersio n

	

the instrumen t f rame, is i n tend ed to g ro und the i n st rumen t
of spect ru m analyzers. Mar ke r f r equencies a r e cont r olled by

	

to protect operati ng personn el, as recommended by national
α tem perat ure-stabilize d	10MHz c rystal

	

oscillato r.

	

Ma rk er

	

and international safety codes .
ou tp u t selections incl ude fou r sine-wave f requencies (20 MHz,
100 MHz, 20O MHz, 50O MHz) and sixteen ma rker intervals

	

The instr ument shou l d be operated from α power source
( .1 Its to 5s) in 1-5-10 sequence . Α marke r am plifie r ou t p u t

	

with its neu tral at o r near g ro und (ea rt h ) potential . It is
provides eit h er positive or negative-goi ng h ig h level markers

	

not inte nded for ope ratio n f rom two phases of α mu ltip hase
(1 Its to 5 s) with minimu m am p lit ude of 25 V into 1 kΩ .

	

E ig h t

	

system, or across t h e legs of α single-phase three wire system .

,_ I_ ιΜ-,_~_,_~_α

σ σ
α

σσσσσσσσ

σσο σσ σ ρ

10 .3 in c h es

F ig . 1-2 . 2901 dimensions.

t r igger i n te rvals ( .1 Its to 1 s) are also provided in 1-10 se-
quence time coincide n t wit h the marke rs .

Dimension s
are to the nearest 1/8 i n ch

Ι "

	

10.9 inches

2901

3 inches

j



Specifications-2901

Performance Conditions
Characte r istics desc ribed i n th is section a r e valid over

th e stated envi ro nmental ra nge, fo r inst ruments calibrated
at an ambien t tempe rature between +20°C and +30°C .
The crystal oven i ndicato r on t he inst rumen t must s how that
normal ope rating tempe rat ure has been attai ned ( power
applied for 2 hours o r more) . T he i n strument also requ i res
at least α 30' min u te wa rmup pe r iod afte r the POWER switch
is switc hed on .

Time-Markers
Pe r iod s

Accuracy

Stability

Amplitude

MARKER OUTpu t

2 ns (sine wave)

5 ns to 50 ns (sine
wave)

.1 μ s to 5 s (markers)

MARKER AMPL IFI ER
OUTPUT

TR IGGER OUTpu t ( .1 μs to
1 s i n decade steps) .

Amplitude

ELECTRICAL CHARACTERISTICS
Ch aracteristic

EXTernal CLOCK INPUT

Requ ire d Amplit ude

'Parts per million .

Performance Limits

0° C to 500 C) .

W ith in 3 Ρ /Μ in 24 hou rs
(20°C to 30°C) at .1 μs (10
MHz) after 2 hou rs operatio n .

At least 0 .3 V peak to peak
into 50 Ω .

At least 0.5 V pea k to

	

peak
i n to 50Q .

At least 0 .5 V pea k to peak
into 50 Ω .

Am plified 5 s to 1 μ s positive
o r negative-going time mark -
e rs . Am plit ud e (5s to 5 μs
marke r s) at least 25 V into 1 kΩ
load . Amplit ude 1 μ s marke r
at least 22 V into 1 kΩ load .

Positive-goi n g triggers at least
0 .5 V into 50 Ω o r 1 V into 1
ΜΩ , 150 pF .

At least 2 V pea k to peak sine

	

Dimension s
wave

	

or

	

at

	

least

	

2 V

	

peak
pulse amplitude .

Ch aracte r istic

Maximum Safe Inpu t
Am p lit ude

Freq uency Range

Inpu t Impedance

Sin u soidal-2 ns,

	

5 ns,

	

10 ns,

	

Line Voltage

50 ns .

	

115V Range

Perio d ic Pulses- .1 Its to 5 s in

	

230V Range

1-5-10 sequence .

	

Crest Factor ( R atio :

Period wit h i n 0 .001 % (10 Ρ /Μ 1,

	

Peak / RMS)
20° C to 30° C).

	

Line Cu rrent
Period within 0.002% (20 Ρ /Μ ' Power

Line Frequency Range

Fuse (115V and 230V
Ranges)

Tempe ratu re

Ope r ati ng

Non-operating

Altit ude

O perating

Non-operating

F i n is h

Weigh t (net)

Pe rformance Limits

5 V (DC + peak AC)

50 kHz

	

or

	

less

	

to

	

10MHz.
Lower fr equencies may be used
if t he pu lse rate of rise is equal
to or faster t han 1 V/μs .

50 Ω wit h i n 20%.

Input Power Requirements

90 V to 136 V .

1 8 0 V to 272 V.

At least 1 .3

240 mA maximum

30 watts maxim um, at 115 V,
60 Hz .

48 Hz to 440 Hz

0.3 Α Fast-blow type .

Environmental Characteristics

Physical

0°C to 50°C Ambient

-400 C to 650 C

To 15,000 feet

To 50,000 feet

Front panel is a nodized alu-
minum

A pp roximately 8 l bs .

Approximately 11 inc h es Χ
8 inc hes Χ 4'/3 inches. See
F ig . 1-2



Introduction

The 2901 Time-Mark Generator p r ovides accu rate time-
markers f rom 5 s to .1 1.ι s intervals a nd sine wave freq uencies
from 50 n s (20 MHz) to 2 ns (500 MHz) . Ma rk er i n tervals or
f requen cies may be selected by dep r essing α se r ies of self
canceling p u s hb u ttons . Time-mar kers may be stac k ed (not
u sef u l for sine-waves) by p u s h ing t h e d esi red marke r bu ttons
sim u lta neo u sly .

SECTION 2
OPERATING INSTRUCTIONS

C hange information, if any, affecting th is section will be fou n d at th e

rear of t he man ual .

ΝΟΤΕ

2901

T he crystal oven in dicator lig h t is across the heater
wind ing for t he crystal oven . It mo n ito r s t he oper-
ation of the thermostat, and i n dicates wh en the
h eater is on . The crystal oven power is independ-
ent of the POWER switch .

T rigger pu lses, from .1 Its to 1 s, coinci dent wit h the co r -

	

FUNCTIO N O F CONTROLS
responding time-mark ers, are available at the TRIGGER

	

AND CONNECTORSOUTpu t connector when any of th e eig h t T R IGGER S E -
LECTOR pu shbuttons are de pressed .

	

All selectors and connectors requ i r ed for normal opera-

Hig h am p lit ude (25V peak to peak, or g reate r , i n to 1 kΩ)

	

tio n of the 2901 a re located on the front and rear panels

markers, positive-going or negative-going pola r ity, f rom

	

of the instr ument ( F ig . 2-1) . T h eir f unctions a re described

1 Its to 5 s are available at t he MARKER AMPL IF I ER O U T-

	

i n the following table .

PU T connecto r when t he MARKER AMPL I F I ER switc h is in
eit h e r the -h o r - positions . MARKER AMPL I F I ER switch
sho u ld be in t he O FF position when t he amplifier is not used .

	

MA RKER SELECTOR

	

Self-canceling

	

p u s hb u ttons,

	

that
select in d ividu al o r combinations
of time-marker intervals and fre
q uencies, for the MARKER O UTpu t

Installation

	

connector. Mar kers up to two
deca d es apart may be stac k ed by

The 2901 instr ument is provided wit h an attached three-

	

depressing t he desi r ed pu shbutto n s
wire power cord with α three-termi n al polarized p l u g for

	

sim ultaneo usly (not applicable fo r
connectio n to t he power so urce . The t h i rd wi r e is d irectly

	

th e sine-wave frequencies) .
connected to the inst rument frame a nd is i n te nded to grou nd
the i n str umen t to protect operating pe rsonn el, as recom-

	

MARKER OUTpu t

	

Output for sine wave or mark e r

mended by t h e national and inte r natio n al safety codes .

	

per ίods
SELECTORS .

selected by t he MARK-

Color cod ing of cord conductors follows t he National E lec-

	

ER SELE TO RS . O u tp u t am p lit u de

trical

	

Code:

	

Line

	

condu ctor-blac k ,

	

neutral

	

cond ucto r-

	

of th e markers, at least 0.5 V peak
to

wh ite, safety eart h (gro u nding) cond uctor-green .

	

peak into 50 Ω load .

T R IGG ER S ELECTOR

	

Series of eig h t self-canceli ng p u s h-
b u ttons t h at select o u tpu t trigger

Operate t he 2901 f rom α power source wit h its ne u tral

	

pu lses from .1 Its to 1 s in decade
at or nea r ground (earth ) pote n tial . It is not i n tended fo r	ste ps. Trigger pu lses a re coi n ci-
ope ratio n from two phases of α m u lti- phase system, or

	

dent with the corres ponding time-

across t he legs of α si n gle phase, t h ree-wire system . Line

	

markers .

voltage range, fo r the 115V selector position, is 90V to

	

MARKER AMPL IFI ER

	

Three positio n switch (-}- OFF -)
136 V

	

(not to exceed	177 V) ;

	

and	180V to 272 V ( not to

	

that

	

provides

	

amplified

	

positive
exceed 352 V) for t he 230 V range of the line voltage se-

	

or

	

negative-goi ng

	

time-marke r s
lecto r positions .

	

Line frequency range is 48 Hz to 440 Hz .

	

at

	

the

	

OUTPUT

	

connecto r.

	

Se-
iected markers from 1 Its to 5 s a re
amplified

t he appropriate line voltage range for your situ -

	

mplified	to at

	

least 25 V

	

peak
into 1 kΩ . Does not operate over

ation by switc h ing t he screwd r ive r o pe rated Line Voltage

	

the 2 ns to .5 Its

	

ran ge .

	

Switch
selector on t he back panel (see Fig . 2-1) to t he correct posi-

	

shou ld be i n the OFF position
tio n , and p l ug t he power cord i n to α su itable power source.

	

when the am plifie r is not used .
Allow two hours fo r th e c r ystal oven temperatu re to sta-
bilize (to min imum d rift), t h en tur n t he POWER switch to

	

OUTPUT

	

Outpu t connector fo r the am plified
ON and allow 5 minutes for t he i n str ument to warm up .

	

time-mark e rs . Ou tp u t amplitude



Operating Instructions 2901

Ζ-Ζ

Fig. 2-1 . Front and rea r-panel selectors and connectors .



Operating Instructions- 2901

of

	

the

	

markers

	

is

	

at

	

least 25 V

	

or less .

	

Frequencies below 50 kHz
pea k, i n to α 1 kΩ load .

	

may be used if t h e rate of rise

OVEN Indicator

	

Indicates crystal oven h eati ng .

	

is 1 V/μs . The 0.1 μs MARKER

Crystal oven and indicator power

	

SELECTO R pu shbutto n is t h e Χ 1

a r e independent of t he POWER

	

input signal pe r iod, with the lower

switch . Allow approximately 2

	

order selector buttons counting

hour s, after t he power cord has

	

the inpu t period down in 1-5-10

been connected to α power source,

	

sequ ence to t he longest (5 s pu s h-

for

	

th e

	

crystal

	

tem perat ure

	

to

	

butto n) pe r iod . 2 ns to 50 πs sine-

stabilize . T he i n strument can be

	

wave marker selections are in-

u sed wit h i n 5 minutes after t he

	

operative with an exte rn al sign al,

POWER switch has been tu rned

	

unless th e input freq ue ncy is 10

on ; however, freq u ency stability

	

MHz.

will be red u ced .

	

LI NE VOLTAGE Selector Sc rewdrive r operated switc h th at
C LOCK (ΙΝΤ -ΕΧΤ) Switch	Selects eithe r the i n te r nal oscillator

	

selects tn r 90 V p rima ry

	

0
V

-
-

(Rear Panel)

	

or an

	

exte rnal

	

signal as t he f r e-

	

272 f
V
or

ea

nominal
li
n e

-1
voltage

V or 180

	

-

que ncy so u rce for t he countdown
	2ltageopera-

tion .
circu its .

ΕΧΤ CLOCK I NPUT

	

Used for external oscillato r sig n al .
Connecto r	Input imped ance approximately

50Q . External cloc k frequency is

	

General Operating Information
cou nted down in α 1-5-10 se-
quence, to 50 χ 106 times t he in-

	

The crystal oven temperatu re has stabilized when the
pu t period . Freq uency range 50

	

OVEN indicato r cycles on a nd off at regular intervals .
kH z o r less to at least 10 MHz .

	

Pe r iod of t he cycle is abou t 30 seconds, depending on t h e
Requ i red signal inp u t amp lit ude is

	

ambien t tempe ratur e .
1 volt min im um peak to peak sine
wave to 5 V (pea k AC

	

+

	

DC)

	

Terminate th e ou tpu t into 50 Ω for optimum marke r def-
maximu m .

	

Reset

	

level

	

+50 mV	inition and consistent marker amplitude .



NOTES



Introduction

SECTION 3
CIRCUIT DESCRIPTION

Ch ange information, if any, affecting t h is section will be fou nd at th e
rear of t he manual .

T h is sectio n describes t he circ u itry used in th e 2901 Time-
Mark Generator. Α block d iagram analysis is fi r st prese nted
to d esc r ibe t h e relatio n s h i p of each ma jo r circ u it to t he over-
all o pe r ation of t he instrument. Each ma jor ci r c u it is th e n
desc r ibed in detail . T he ob j ective of t h is d esc ri p tio n is to fa-
miliarize t he reader s u fficiently wit h th e inst rume n t circ u it
t heo r y to enable t he tec h nician to t r o ubles hoot, calibrate,
and o pe r ate t he instr u ment .

Fu nctional block d iagrams and sim p lified sc hematics are
inclu d ed in t h is sectio n to h elp ill u strate ci rc u it operation .
Detaile d circ u it diagrams are provided in th e Diagrams
section .

Oscillator

2901

te rnal 1O MHz freq uency source .

	

The clock frequency is ap-
plied to α freq u ency doubler containing Q25 and Q27 for
t he first mu lti p lication . Ou tp u t from t h e first mu lti p lie r is
t h e n app lie d th ro ugh the 50 ns MARKER SELECTO R switch
to α freq u ency q u int up ler, containing Q35 and Q37 . T he
resultant 100 MHz signal is am plified by Q50 and then ap-
plied thro ug h either t he 5 ns or 2 ns MARKER SELECTOR
switc hes to α frequency d ouble r (co ntaining Q57 and Q59)
for 5 ns sine-wave period or to α freq uency g υ int up ler
(containing Q75 and CR 71) fo r 2 n s sine-wave period . Inter-
modulation d isto rtio n is mi nimized by th e switch arrange-
ment so t h at only t he minim um number of m u lti p lie r s are
operating at one time .

Block Diagrams

	

The oscillator d erives its stability and accuracy f rom α

The 2901 Time-Mark Generator consists of α series of

	

tempe r atu re stabilize d 10 ΜΗτ crystal, connected between

counter circ u its and freq uency mu lti p liers . T he counter ci r -

	

the collector and emitter of Q5 . T he se r ies mode of t he

c u its are cloc ked by an exte r nal sig n al so u rce or t he inte r nal

	

crystal is u sed to p r ovide t h e positive feedbac k for oscilla-

10 MHz crystal controlled oscillato r .

	

Α b loc k diagram ( Fig .

	

tion . C8, in series with the crystal, provides α small f re q ue n-

3-1) ill u strates t he operational sequence of th e ma jor ci r-

	

cγ correction ad ju stment to pull t he se ries reson ant f r equen-

cu its in t h e 2901 .

	

cy of the crystal to an exact 1O MHz.

	

L5 p l u s t h e series
capacitance of C6 and C10 t u nes t he collector of QS for

When t he CLOCK selector is in th e ΙΝΤ position, t he crys-

	

stable oscillator operation . Tem perat u re com pensation for
tal oscillator frequency of 10 MHz is applied to α dou bler for

	

Q5 is provided by feedback resisto r R3 and diode CR l

	

in
20 MHz (50 ns) t hen t h ro ugh independ ent switches to mu lti-

	

series wit h R l, from the base of QS to g ro u nd .
pliers ; fo r 10 ns, 5 ns, and 2 ns marker i n tervals . T he oscillator
or cloc k frequency is also a pp lied to coun t d own circu its for

	

T he ou tp u t signal from t he oscillator is amplifie d by Q13 .

t h e time-marker period s .1 Its to 5s . I n tergrate d fli p -flop ci r-

	

L13 (i n the collector load circu it of Q13) is ad ju sted to t un e

c u its coun t t he basic .1 ;a.s (10 MHz) clock pe r io d down by 5,

	

the outpu t circ u it of t he am plifier to 1O MHz .

t hen by 2, to t he longest (5s) marker interval . Pu s h b u tton
(MARKER SELECTO R) switches apply th e o utpu t from t he
counters to t he O UTp u t connecto r , thro ugh an . ou tpu t am-

	

Mu ltip liers
plifie r . Time-mar kers 1 μ s a nd below are am plifie d to an

	

The fi r st mu lti p lier is α pu s h-pu sh amplifie r designed to
amplitud e of at least 25 V pea k by t he marker amplifie r when

	

double th e i nput fregency .

	

Transformer Τ22 cou ples the sig-
t he MARKER AMPL I F I ER selector is switc hed to eit h er th e +

	

ηαΙ , in phase opposition, to t h e bases of Q25 and Q27. T he
or - position . These h ig h level mark ers, of eit h er - Ι- or

pola r ity are d elivere d to t he OUTpu t connector .

	

collectors a re connected in parallel to α tuned o u t pu t circ u it
- co n sisti ng of L28 and C29 in series wit h C30 . L28 tunes t he

Time-mar k i n tervals, in decade steps, f rom

	

1 s to .1 Its

	

collector ci r c u it to 20 MHz .

	

R25 ad ju sts t he dynamic bal-
are also applie d th rough TRIGG ER SELECTOR p u shbutton

	

a nce of t he am p lifier an d reduces t h e intermod ulation dis-
switches and α buffer am plifier stage to t he TRIGGER OUT-

	

tortion from the 10 MHz fundamental .

	

Bias voltage is αρ-
p u t connecto r. Th is provides trigge r pulses t h at are coinci-

	

plied to t he amplifier inp u t from the MA RKER SELECTO R
den t wit h th e selected time-markers .

	

switching circ u it (see description of Marker Am plifie r a nd
Selecto r Switching circ u it) so t h at t he doubler is d isabled
when any selection .1 Its and below is made.

D ETAILED CIRC UIT DESCRIPTION

	

The second mu ltiplier for t he 2901 q u i n tup les t he 20 ΜΗτ
i npu t f r eq ue ncy to generate 10 ns sine-wave pe r iod s .

	

Q35

Oscillator and ΜυΙ t ί

	

ιers

	

and Q37 are connected as active components fo r α push-pull

(Refer to Diagram

	

)

	

amplifier wit h th ei r collector loa d s t u ned , by C39 and C43, to
t he fift h ha rmonic of t he 20 MHz inpu t.

	

The in pu t a nd ou t-
T he cloc k (base) freq u ency fo r the fregency mu ltip lie rs m u st

	

pu t ci r c u its for amp lifier Q50 are t u ned to 100 MHz by C47
be th e i nte r nal crystal cont r olled 1O MHz oscillator o r on ex-

	

and L50 .

	

The series resonant filter ci r c u it C47 a nd L47 are



Circuit Description-2901

Fig 3- 1 . Functional block diagram.



t u ned to 100 MH z and provide α low impedance path fo r	Low--- Α voltage level, u s u ally designate d as t he less pos-
100 ΜΗτ to t he base of amplifie r Q50 and help s s uppress

	

itive of two logic levels .
s u b and multiple harmonics of 100 ΜΗτ . T he collector load

	

ΝΑΝD-Α logic function which is an AN D f unctio n with anfor Q50 consist of t he pa r allel reso nant circu it, L50 and C51
inseries with C52, tuned to 100 MHz . inve r ted ou tp u t .

T he 5 ns marker generato r con sists of Q57 and Q59 con-

	

One

	

(11) -A symbol for t he TRUE (activated ) state .

	

Αη -
nected as th e active components of α pu s h-pu sh am plifier

	

other title fo r the Q ou tpu t termin al of α fli p flop . Th is o u t-
or frequency d ouble r. T he collector load for this dou bler is

	

put represen ts the TRUE state w hen the fli pflop is set.
Τ62 in parallel wit h t h e se r ies combination of C60 and C61 .

	

Positive Logic-Α system of logic level id entificationThe o u tp u t circ u it is t uned to 20O MHz by C60 .

	

where t h e mo r e positive level is ide n tified as α logical ONE
The

	

2 π s

	

generator quint u p les

	

the

	

inpu t

	

100 MHz

	

(10 π s)

	

(1), a nd the less positive level as α logical ZERO (0) .
freq uency to gene r ate t he 500 MHz (2 ns) marker frequency .

	

Set-To place α storage device i n α prescribe d state . ToThe input to t h is mu lti p lie r is α series t uned circ u it, L66 and

	

place α fli p flo p in t h e ONE state.C66, t uned to 100 MHz . T h is filter circuit cou p les 100 MHz to
t h e harmonic gene rator C R 71 and isolates t he harmonic gen-

	

Toggle-To cau se α fli p flop to complement its o u t pu t
erator from t he ou tpu t ci rc u it fo r the 10 n s mu lti p lier .

	

CR71,

	

state .
α ca pacitance d iode, gen e rates h ig h order harmonics of t he

	

True-The activated state of α logic circu it inp u t or ou tpu t .100 MHz in pu t signal . Und esi r able second and t h ird order
ha rmonics of t h is 100 ΜΗτ are filte red th ro ugh two series

	

Zero (0)-Α symbol for t he FALSE (non-activated) state .
t u ned circu its consisti ng of L67-C67 (300 MHz) and L69-C69

	

Another title for t he Q ou tp u t terminal of α fli p flop . This out-
(200 MHz) .

	

The fift h harmon ic, o r 500O MHz is t hen filtered

	

pu t presents α FALSE state when t h e fli pflop is set.
th ro ugh series circ u it L72 a n d C72, to t he base of o u tp u t am-
p lifier Q75 . T he ou tpu t load fo r the amplifier is t u ned to 500

	

Logic symbols ( Positive logic)
MHz by stri p li n e filte r C79 and L79 . Capacitors C75 and C73
are ad ju sted to mi nimize inte rmodulation d istortion in the
outpu t 50O MHz marke r f r e quen cy .

	

-is-

Divider or Countdown Circuits

The divider circu its coun t d own t he i n te r nal 10 MHz (.1 μs)
crystal oscillator freq uency, or an exte rn al cloc k f requency, in
steps of 5 and 2 . Th e cou ntd own circ u its are separated into
two diagrams; the μ s Divide rs, and t he ms and s Dividers

Circuit Descr iption-2901

Τ

οι ε

	

012

NA N D

	

Inverter

	

JK Flip flop
Gate

	

Gate Device

Definition of Terms and Logic Symbols Used

	

Microsecond Dividers (.1 μs to 50 μs)

in this Description

	

I ntergrated circ u its are used extensively in t he countdown
or divide r circ u its for t h e 2901 Time-Mark Generator. The

div
Iratedide r

e r
circ u

its
circuitsu its

t h e
(IC's) a

2901
re

Time-Mark
the

Generator.
own

The
or

	

μ s divide r s contain JK fli p flops, i nve r ters and NAND gates .

following is α d efinition of t he terms and logic symbols
used i n the d esc r i p tion of t he logic d iagrams for t he count-

	

NOTE
down ci rc u its .

	

Logic data on the IC's used in t h is circ u it are pro-
AND-Α logic f u nction whic h requires all in p u ts to be

	

vided in the Maintenance section .
TRUE fo r t he o u tp u t to be TRUE .

The IC's fo r the .1 its to 10 is d ividers are connected asClock-Α sig n al source wh ic h establis h es t he time intervals

	

semi-sync h ronou s decade counters . T he 10 μs to 50 P s count-
at wh ic h logic functions occur .

	

er is connected fo r α countdown of five . Logic and wave-
False-The non-activated state of logic circ u it, i npu t or

	

form diagrams pl u s tr u t h s tables for t hese devices are shown
output .

	

in Figs . 3-2 t h ro ugh 3-5 . Synchronou s counters a re used fo r
the hig h freq uency counters to minimize propagation delay

Flip-Flo p-A bistable d evice (capable of ass uming one of

	

between t he in p u t cloc k and t he ou tp u t co u ntdown pulses .
two stable states), whic h may ass ume α given state depend -

	

The inverters U 101, U 110 and U 130 are used as pu lse
i n g on th e h isto r y of one or more inpu ts . T h e device will

	

sha pers, inverter gates and time delay circu its for high f r e-
have one or more ou tpu ts wh ic h are described by t he fol-

	

que ncy time-markers . T he s h ort period ( .1 μ s to 1 μ s) time-
lowi ng t ru t h table.

	

markers are d elayed so they coincide with the lower fre-
J �

	

Κ � IQ,,,

	

The JK fli pflop may be cloc ked or

	

quency marke r s .

0

	

0

	

Q �

	

u nclocked . In t he clocked mode, th e
fli p flo p switches (according to t he in-

	

Input and Output Circuit for .1 ~ι s to 10 Its
pu t settings) when α cloc k pu lse is

0

	

1

	

_0

	

applied . When the fli pflop is used

	

Counters

1

	

1

	

Qr,

	

withou t cloc k pu lses, t he ou tputs re-

	

Input clock pu lses from the 10 ΜΗτ oscillator (or exte r nal
s pond to any change at the in p u ts .

	

signal source) are s haped into square-wave pu lses by th e two
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ς 1

	

ς

	

C

	

1

	

0
Η Η Qn 0η

Τ FF

	

Η

	

L

	

Η

	

L
L Η L Η

L L Qn 0η
C 0

Qn is the tr ue state of 1 output, in the time period to when
the FF is set.

symbol indicates the device is se n sitive to t he negative

	

Qn is the complemen ta r y o r false state of t h e o u tput du r i ng
t ran sition of th e i np u t pulse .

	

t h e time period tn .

F ig . 3-2 . Trut h table fo r Type MC 890Ρ and MC 891P d u al JK fli p flo p IC's . Device toggles during negative tr ans ίstio n of t h e clock pu lse
wh en bot h 5 (set)

	

and C (clea r )

	

inputs are low.

i npu t i nve r ter gates, U 101D and U 101 E . T he pu lses are t he n	3 . With both in p u ts to NAN D gate U 125A h igh, t he ou t-
a pplied , t hro ugh emitte r follower Q106, to the i n pu t of th e

	

p u t of t he NAN D gate is low . T h is ou tp u t is i n ve r ted by
fi rst countdown ci rc u it and the delay inve rters (th rough Ul0A

	

U125B to prod uce α h ig h at t h e S in p u t of U 140A .
and U 10B ) to t he .1 μs o u t pu t ci r c u it . Th e o u t p u t, .1 μ s pu lses
from i nve r te r U10B , is co upled t h rough α d ifferentiating cir-

	

4. The 1 o u t put (pin 14) of U140A stays h ig h a nd U140B
cu it (C111, R113 and R114) to the base of emitter follower

	

holds its low state at t he 0 (p i n 8) ou tp u t .
Q116 . T he time constant of t h is differen tiati ng ci r c u it is s ho rt,

	

At t �

	

,, the next cloc k pulse produces t he followingso α s h arp , na rrow ma rke r signal is app lie d to th e o u t put

	

changes :
ampilfier Q116 .

All of th e o u t put emitter followe r s for t he time marke rs are
biased at t he thres h old of conduction . T herefo re, only the
positive portion of t he diffe rentiated signal is co up led t h rough
t he emitter followe r s to t h e MARKER SELECTOR switc h and
t he TRIGGER SELECTOR switch .

.5 [.ιs to 10 tks Dividers
Α tru th table for one half of t he dual 1Κ fli p flop used in

these countdown circ u its is s hown i n F ig . 3-2 . The JK fli p flop
will toggle (c hange state), during t he negative transitio n of
t he inp u t cloc k pu lse, when both the S (set) and C (clea r )
terminals are low . Th e tr u t h table also s hows that t he state of
t he ou t p u ts does not c hange when t h e S a nd C te r minals
are h ig h .

Logic and wavefo rm ladd e r diag rams for t he fi rst two
decade counters ( .1 Its to 10 μ s) a r e s hown in Fig . 3-3 .

T he .1 Its cloc k p u lse is app lie d simu ltaneously to t he Τ
(toggle) in p u t of each JK fli p flop (U 120A, U120B , U140A
and U140B ) . Fo r ope ration analysis, assume at to all the 1
o u tpu ts are h ig h as ill u st rated on t he ladder diagram .

At t, th e fi r st negative t r ansition of th e i npu t clock pulse
p rod uces th e followi ng even ts .

1 . U 120A toggles beca use both inpu ts S ( p i n 1) and
C (p i n 3) a re low . T he 1 ( p in 14) o u tput ste ps low .

1 . U120A again toggles and its 1 ou tp u t step s h ig h .

2 . U 120B toggles because its S and C inpu ts are now
bot h low . Th e 1 o u t p u t ( p in 9) of U 120B goes low . We now
h ave α h ig h and low in p u t to t h e NAN D gate U125A .

3 . U 140A and U140B ou t pu ts remain in th e same state
as existed at tn .

At fn

	

2 the next negative transitio n of t he cloc k pu lse pr o-
d u ces t he following changes :

1 . U120A toggles and its 1 ou tp u t step s low .

2 . U 120B h old s, beca use its S and C inpu ts a re h eld h ig h
by t he previo u s o u t p u t state of U120A .

3 . Bot h inp u ts to t he NAND gate a r e now low . So the S
inp u t U140A is low .

4 . U140A hold s its state because its S i n p u t was hig h
w h en the clock pulse occu rred . Th e state of U 140B remain s
uncha nged .

At t, 3 t he followi ng even ts occu r :

1 . U120A toggles .

2 . U120B toggles because i npu ts S and C are now both
low .

2 . U 120B h old s its h ig h outpu t state beca use its S and	3 . U140A now toggles and its 1 o u tp u t (p in 14) flop s low .
C inpu ts a re h ig h .

	

The 0 outpu t ( pin 13) steps hig h .



U120A
14

S 1
Clock Input
10 MHz

Α. Synch ronous Decade .1 μs to 1 μs d ivider .

Clock

U 120A (S)

U 120A (1)

U 120B (1)

U125A (Pin 3)

U140A (S)

U 140A (1)

U140B (0)

Diff .
Waveform

Β. Waveform ladder diagram .

C 0

	

S 1 9
1 2

Τ U125A

C 0
6

U 125B U140A
5 1

	

14
S 1

=5 OUTPUT

Τ
U140B

13
C 0

	

5 S 1

Τ

Fig . 3-3 . L ogic and waveform la dder diagram fo r the .1 /is to .5 μs and 1 μs to 5 Its divide rs .
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=10OUTPUT

tπ+1 tη+2 tπ+3 tn+4 tπ+5 tn+6 tn+7 tn+8 tπ+9 tn+10 tn+11 tn+12 tn+13 tπ+14 tn+15
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s 1

10 μ s

	

Τ FFClock

	

Ι

	

U 180Β

Α . Logic diagram .

10 μ s Clock
Pulse (P i n 2)

U1BOA (1)

U180B (1)

U185 (1)

U185 (0)

10C
Input

0188
O utp u t

Β . Ladd e r d iagram .

αε ο s 1

Τ FF

	

Ι Ug Ι U125D

CA s

	

112

Τ FF

α C

	

010

	

0 50 μs mark ers

χο tη tn+1 tn+2 tn+3 tn+4 tn+5 tn+g tn+7 tη+8 tπ+9 tn+10 tn+11 tn+12

Fig . 3-4 . Logic and ladder diag ram fo r the 10 Its to 50 μs divi de r s .
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110--~-~ Τ F IF
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=2 Output

U 200A

	

ν

	

L

L 1

	

10
δ

	

1

	

Τ FF

	

C

	

0

	

Output
50 μs

	

U200B
Clock Pulse

Τ FF

	

S

	

1

	

~C

	

0

to

Clock I nput

U200A (1)

U200B (0)

U210A (1)

U2108 (0)

Diff
Outpu t

ΟΙ C 0 K>-------- Ι Τ F F

Α. Logic diagram of decade counte r in 50 μs to 5 s counters.

tη+1 tη+2 tπ+3 tη+4 tη+5 tπ+6 tπ+7 tπ+8 tη+9 tπ+10 tη+11 tπ+12 tη+13 tη+14

Β. Waveform ladder diagram .

DC ορ

Fig . 3-5. Logic and wavefσrm diag ram fo r millisecond and seco nd dividers .
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4 . U140B o u t p u t state does not c hange because α h igh	3 . U210A toggles d u ri ng t h e negative transistion of the
existed on t he S and C i npu ts when the cloc k pu lse ar r ived .

	

1 outp u t from U200A . In pu ts S and C are both low ; t h ere-
fore, 210Α ou tp u t fli ps to α h igh state .

At t� 4 the followi ng occ ur s:

1 . U 120A is inh ibited by the h igh on its S inp u t from the
0 ou tput of U140A . T he 1 outp u t U 120A remains high .

2 . U120B outp u t remain s hig h .

3 . Th e 1 o u t p u t of U140A fli ps h igh , because it has α high 1 . U200A again toggles . T he 1 outp u t fli ps h ig h a nd t he
on its S i n p u t .

	

0 outpu t step s low .

4 . U140B will toggle because both inp u ts S and C are low .
T he fi rst decade count has now started . T h e remai ning se-
quence of events fo r the countdown operation is ill u strated
on the ladder diag ram .

Fig . 3-4 . ill u strates both logic and waveform ladder d ia-
g rams for th is divi de by five counter . The seq uence of oper-
atio n is very similar to countdown of five by t he .5 μ s to
10 μ s co u ntdown circu it .

Millisecond and Second Dividers

4 . U210B will not change because th e cloc k in p u t pu lse
t r ansistion from U210A (1 outp u t) is positive-going .

At t o , t h e n ext negative t r ansition of t he cloc k p u lse ar-
rives and th e followi ng events occur :

2 . U200B now toggles because t he clock pu lse from t he
0 ou tp u t of U200A is negative going and its S inp u t is h eld
low by th e 0 o utp u t ( p i n 8) of U210B . T h e 0 ou tpu t of U200B
steps high .

3 . U210A and U210B hold t h eir previo u s states .

Wit h t he arrival of t he next cloc k pu lse at t, Ζ the follow-
ing events occu r :

1 . U200A again toggles .

2 . U200B holds because its i n p u t sig n al from U 200A is
Integ rated ci rcu its co n taining JK fli p flop s are also used

	

α ροs ί t ίνe-gοίηg irons ί tίοη at th is time .
i n the countdown o r divider ci rcu its of t h is section . Dividers

	

3. The C inpu t to U210A is h eld hig h by t he 0 ou tpu t offor each decade a re identical ; t h e refore, t he desc r i p tion of

	

U200Β .

	

Its 1 ou t pu t will step low.one applies to any i n t he g roup . Α logic diag ram p l us
waveform ladder ill u stratio n are shown in Fig . 3-5 .

	

4. The negative-going transition from t he 1 o u t pu t of

The coun tdown of two fo r the even numbered marker se-

	

U210A toggles U210B . T h e 0 ou t p u t of U 210B step s h ig h

lections is ta ken from t he 1 o u t p u t ( p i n 14) of t he first JK

	

which generates the first step f u nction from 0 ou tpu t of

fli pflo p in the decade counte r . T he JK toggles d uring th e neg-

	

U210Β .

ative tran sition of th e input clock pu lse because its S and

	

The counte r has now cycled and is ready to perform itsC in puts a r e both low . T he coun tdown of five function is

	

function as α countdown of two-countdown of five counter .performed by t h e remai n i ng JK fli p flop s i n the counte r .

	

The wavefo rm ladder diag ram ill u strates the events as th e

T he ou tp u ts from the counters are amplified by inverters

	

countdown is pe r fo rmed .

and coupled through diffe r entiating RC circu its, to t he base
of an emitte r follower. T he differentiator time constant is

	

Ma rker Amplifier and Selector Switch ing
a p p roximately 5% to 10% of t he inp u t square wave du ty
facto r . T he emitte r followe r is biased at its t h res hold of

	

Th is circ u it contai n s th e marker amplifier, t h e MARKER
conducton , wh ic h clamp s the negative po r tion of t he differe n -

	

SELECTOR pu shbutton switches, T RIGGER S ELECTOR pu s h-
tiated wavefo rm near g ro und . Only t he positive portion

	

button switc h es and ou tput am plifie r s . T h ese circ u its supply
of the i npu t wavefo rm appea rs at th e ou tp u t of t h e emitter

	

time-marke rs and trigger signals to th e front pan el MARKER
follower . Α s ummin g r esisto r between the emitter and the

	

OUT and TRIGGER O UT con necto rs .
MARKER SELECTOR switch pe r mits markers to be stac k ed
(more than one marke r selected ) at th e ma rker ou tpu t.

	

The trigger selector switches are d u al contact, two posi-
tion switches . One set of contacts closes t he circ u it between

Th e waveform ladder diagram in Fig . 3-5 assumes an i n i-

	

the marker generating circ u it a nd the emitter follower ou t-
tial state at to as follows : Ou tpu t 1 ( p in 14) of U 200A hig h ,

	

pu t stage, while t h e ot he r p air of contacts enables or dis-
ou tp u t 0 (pin 8) U 200B low, o u tp u t 1

	

(pin 14) U210A low,

	

antes the 50 ns (20 MHz) f requency m u lti p lier and t he mark -
a nd ou tpu t 0 of U210B low . Any condition may be as-

	

er amplifier .
s umed if desi red ; however, after α few cycles t he counter
will

	

assume

	

α

	

defi n ite

	

pattern .

	

Th is

	

waveform

	

pattern

	

Pushing any one of the .1 μs to 5 s pu shbutton MARKER
ill ustrates t he countdown action and is described as follows :

	

SELECTORS connects t h e -30V su pply t hro ug h α voltage
divid e r to the center tap of t he coupling transformer Τ 22, in

During t he negative transition of t he fi rst cloc k pu lse (t�)

	

the inpu t circ u it of the Sons (20 ΜΗτ) mu lti p lier stage . Th e
t he followi ng events occu r :

	

increased back bias disables the m u lti p lie r, and beca use
the s ubsequ ent 10 ns, 5 ns, and 2 ns m u lti p lie rs depend on

1 . U200A toggles because both inp u ts (S and C) are low .

	

the ou tput of th e 50 n s mu ltip lier for t h eir sign al, they are
The 1 o u tpu t flop s low and t he 0 o utp u t fli ps to α high state .

	

also d isabled .

2 . T he outp u t state of U200B remai n s unchan ged beca use

	

Wit h all

	

of the .1 Its to 5 s selecto rs disengaged , back
the inpu t signal to t he "Τ " terminal was positive-goi ng .

	

bias is removed from the t ra n sfo rmer center tap a nd t he
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50 ns mu lti p lie r is e nabled .

	

All high frequency mu lti p lie rs

	

Input am plifie r Q330 has α gain of approximately 25.
will now ope rate when t he a ppropriate pu shbu tto n selector	Diode CR325 provides temperature compensation for tran-
is dep ressed .

	

sisto r Q330 .

The emitter ci r c u it of i np u t am plifie r Q330 i n the Mar ker
Amplifier has no ret u r n through the switch to g ro und ; there-
fore, t h e amplifie r is disabled . Depressing eithe r the .1 μs
or .5 μ s pu shbutton applies bac k bias t h ro ug h R335 to t he
5 ns m u lti p lier, wh ic h disables t he sine-wave mu lti p liers .
Inp u t am plifier Q330, however, is still back-biase d so t he
marker am plifier is h eld inoperative u ntil α 1 μ s or lower
MARKER SELECTO R button is depressed .

When any selectio n of 1 μs or lower is made, t he -30 V
supply is app lie d th rough the + and - position of th e
MARKER AMPL I F I ER selector switc h S300 to the emitte r
of Q330 . T h is forwa rd biases t h e t ransisto r and the am-
plifie r ci rc u it now operates to amplify selected time-ma rk ers
to an amplitud e of 25 V pea k or mo r e, into 1 kΩ load .
E it h er positive o r negative-goi ng ma rke r s ca n be selected
by t he MARKER AMPL I F I ER switc h S340.

Mar k er intervals from

	

1 μs to 5 s, selected by MARKER
SELECTOR switc h S300, are app lie d t h ro u gh ope rational
am plifie r Q312 a nd Q317 to the base of i npu t am plifier	Power Supply
Q330. The amplifie d markers are th en app lie d directly (as
negative-going sig n als) or inve r ted by Q330 (for positive-

	

The power supply consists of two reg ulated DC voltages,
goi ng sig n als) to α complementa ry amplifie r stage con tain-

	

-30 V and +3.6 V . Circu it d etails for the supplies a re shown

ing transistors Q345 and Q347. T he com plementary am-

	

on the Power S u pp ly diag ram in Sectio n 8 .

plifier provi d es am ple current ou tpu t to d rive the added

	

Power for t he regulator circ u its is supplied from two f u ll
ca pacitance of most coaxial cables that may be attached	wavebridge rectifier power su pp lies connected across sec-
to t he O U TPUT connecto r . T he rise and fall-time of the

	

ondary taps of α single transformer, Τ403 . These regu lators
time-marker pu lse is t hu s prese rved . T he output marke r s

	

will maintain α constant ou tp u t with AC inpu t fl u ct u ations
f rom the emitte rs of th e com plementa r y amplifie r a r e DC

	

of 90 VAC to 136 VAC or 180 VAC to 272 VAC . The pr i-
coupled to t he O UTPUT connecto r for negative-goi ng ma rk-

	

mary wind ing to Τ403 con sists of equal wi nd i ngs whic h may
ers and AC coupled fo r positive-goi ng marke r s . Diode CR348

	

be connected in pa r allel by 5403 (L INE VOLTAG E selecto r)
is α DC resto re r and clam ps t he ou tp u t of t he AC coupled

	

for 115V AC or in se ries fo r 230V AC i n p u t power.
signal nea r g round potential .

ein

R314

_ Ι 0312
0317

R i

Rf
ΛΛΛ^
R316

R i+ Rf _ eο
R i ein

θο

F ig . 3-6 . Simplified diag ram or equivalent ci r c uit fo r the output
amplifier for the .1 μs to 5 s time ma rk e rs .

Circuit Description-2901

The TRIGGER SELECTO R pus hbutto n s apply th e .1 μs to
1 s marke rs, i n decade step s, to th e base of an emitter fol-
lowe r Q366 . Q366 supplies t he c urrent d rive for t he TR IG-
GER OUT connector. R esistor R366, between t he collector
of Q366 and the +3.6V s u pp ly, is α current limiting resistor .

T he ou tpu t amplifie r (0312 and Q317), for the .1 μ s to
5 s time-markers, is config u red as an ope r atio nal amplifie r
to provide α low impedance current source fo r t he MARKER
OUT connector. I np u t sig n als to t he base of Q312 are am-
plified, i n ve rted and coupled _directly to t he base of Q317.
The feedbac k loop for t he ope r ational amplifie r is t hrough
R316 to t he emitte r of Q312 (see Fig . 3-6) . I np u t impeda nce
R ; is t h e emitte r r esisto r R314. Feedback impeda nce R f is
t he resistance of R316. R esisto r R319 limits curre n t through
transisto r Q312 if t h e MARKER OUT con nector is acciden -
tally s ho rted .

Α crystal oven is wired so it is n ot dependent on the
POWER switch . Power is t herefo re a pplied to the heater
of t he 75° oven as long as t he instrument is connected to
α power so urce. The ci r c u it for t he OVEN indicating neon
(DS 405) is complete when t h e t hermal switch is closed .
Th is neon indicates p roper operation of t he crystal oven
thermostat and temperature stabilization of t he crystal oven .

The voltage regu lators a re mounted on the divi der boa rd
with t he exceptio n of the +3.6V se r ies reg ulator t ran sisto r.
Q424 is mounted on t he back pan el heat sin k .

-30 Volt Supply

-30 volts is th e prime supply fo r t he ma rker amplifie r
and the refe re nce voltage for the +3.6 volt supply . T he
ci rc u it con sists of α com parato r , Q436 and Q439, wit h its
o ιitpu t driving α series regulato r Q458.

Reference voltage for t he -30 volt reg ulator is set by
Zener diode VR432 in series wit h diode CR432 to ground .
T he voltage at t he base of Q436 is a pproximately 10.6
volts . Α voltage divider consisting of R452, R451 (-30 V
ad just) and R450, connected between the -30 V buss and
grou nd , s upplies α sample of the -30 volts to th e base

3-9
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of 0439 (t he othe r half of t h e comparator) . When -30V
Adjust R451 is prope r ly set, the ou tput voltage from the
s u pply is -30 volts . Any li n e voltage fl u ct u ations or load
cu rrent c hanges gene rate an e rr o r voltage signal f rom the
com pa rator. Th is error voltage controls th e bias of the pass
transistor Q458 to compensate and cor rect th e ou tp u t fo r any
c hange i n current demand by the load .

+ 3.6 Volt Supply

0422

νce

T h is reg u lator consists of α compa rato r amp lifie r as th e
error se nsing device, d riving se r ies reg ulator Q424 t hro u g h

	

t

	

Q424
emitte r follower Q422 (Darlington amplifier) . T he common

	

Ib (α1 + 1)

	

132
emitters of th e comparator are ret urned t hrou gh R415 to
the -30 volt reference . Α sample of t he +3.6 volt s upply
is a pplied to the base of Q417 thro ug h t he voltage d ivi d er
R421 and R419 . Any change or error in t he 3 .6 volt supply
is amplified by t he compa rato r and applied to th e base of
0422. Q422 d rives th e base of Q424, in α Darli ngton am-

	

-01 02 1 b-
p lifie r config uratio n , to regulate curren t to th e +3.6 volt ou t-
pu t . Th is config uratio n provides an approximate curren t gai n
equal to t he prod u ct of t he two t r a n sisto r beta's . See

	

p ig . 3-7. Simp lifie d drawing to illustrate current gain through t he
Fig . 3-7.

	

series regu lator for the power supply .



SECTION 4
MAINTENANCE

Change information, if any, affecting this section will be foun d at the
rear of the manual .

2901

Introduction

	

damage some com ponents . Hardened dirt or grease may
be removed with α cotton tipped swab or α soft cloth damp -

This section describes recommended procedures for avoid -

	

ened with water that contains α mild detergent (such asing instrument malfunction, and provides troubleshooting

	

K elite or Spray White) . Abrasive cleaners should not beproced ure and corrective maintenance procedures to re-

	

used .
pair the instrument . Preventive maintenance improves in-
strument reliability .

	

If the instrument should fail to function

	

C Α U ΤΙΟΝ
properly, corrective measures should be taken immediately;
otherwise, additional problems may develop within the in-

	

Be very careful, when cleaning around or near the
strument.

	

multiplier coils, to avoid bending the coils . Dis-
torted coils may drastically affect the performance
of the multipliers . Do not permit water to get in-

Access to the Interior

	

side the switches or IC and transistor sockets .
Avoid using chemical cleaners which might damage

Disconnect the power cord from the power source before

	

the plastics used in this instrument . Some chemi-
removing the instrument covers . The top and bottom covers

	

cals to avoid are benzene, toluene, zylene, ace-
of the 2901 are removed by first turning each of the four

	

tone or similar compounds .
latching screws α quarter turn counterclockwise to the stop,
then lifting the cover off the instrument.

After the covers have been removed, the power cord may

	

Lubrication

be reconnected to α power source, and the power switched

	

Α lubrication kit (Tektronix Part No. 003-0342-01) contain-
ON.

	

ing the necessary lubricant and instructions is available from
Tektronix, Inc. Use No Noise contact restorer on the push-
button switches . Lubricate by injecting α d rop into the rear

Preventive Maintenance

	

of the switch body with the instrument standing on its front.
This will allow the lubricant to seep forward to the switch

Preventive maintenance consists of cleaning, visual inspec-

	

contact . Lubricate only if the switch becomes noisy.
tion, performance check and (if needed), α calibration . The
preventive maintenance schedule that is establishe d for the
instrument should be based on the expected operating en-

	

Visual Inspection
vironment and the amount of use planned for the instrument .
Under average conditions (laboratory situation) α preven-

	

After cleaning, the instrument should be carefully checked
tive maintenance check should be performed every 1000

	

for such defects as poor connections, damaged parts, and
hours of instrument operation .

	

improperly seated transistors and integrate d circuits . The
remedy for most visible defects is obvious; however, if
heat-damaged parts are discovered , determine the cause of

Cl

	

over-heating before the damaged parts are replaced . Other-
wise the damage may be repeated .

Clean the instrument often enough to prevent dust or dirt
from accumulating in or on it . Dirt acts as α thermal in
sulating blanket and prevents efficient heat dissipation, and

	

Transistor and Integrated Circuit Checks
if it becomes dam p, it may provide electrical conducting

	

Periodic checks of the transistors and integrated circuitspaths or high resistance shorts.

	

are not recommended . The best measure of performance
Exterior. Clean the dust from the outside of the instru-

	

is the actual operation of the component in the circuit. Per-
ment by wiping or brushing the surface with α soft cloth

	

formance of these components is thoroughly checked during
or small brush . The brush will remove dust around the front

	

performance check or recalibration and any substandard
panel selector buttons . Hardened dirt may be removed with

	

transistors or integrated circuits will usually be detected at
α cloth dampened in water containing α mild detergent.

	

that time .
Abrasive cleaners should not be used .

Interior . Clean the interior by loosening accumulated dust

	

Performance Checks and Recal ίbrationwith α dry soft brush, then remove the loosened d irt with α
vacuum cleaner or use low pressure dry air to blow the dust

	

To insure accuracy, the instrument performance should beclear. High velocity air should not be used, because it may

	

checked after each 1000 hours of operation or every six
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month s if t h e i n st ru ment is used inte r mitten tly . The pe r-
formance check and calib r atio n procedur e may assist in
locating tro u bles which may not be apparent d u ring reg u lar
operation . Instr u ctions for conducting α performance check
or calibration are provided in Section 5 .

Troubleshooting Aids

Com ponent
Number

on
Diagrams

TROUBLES HOOTING

The ability to recog nize and locate t ro u ble is acqu i red
thro ugh expe r ie nce and familia rity wit h the i n str u ment . Th e
following desc ribes α few aids t h at may assist in locating
α trouble . After the d efective component has been located,
refe r to Cor r ective Maintenan ce p r oced ures for removal
and replacemen t instru ctions.

Diagram

Number
Circu it

Diagrams . Complete ci rc u it diagrams are provided on
foldou t pages in t h e Diagrams section, The component

	

Fig, 4- ι . M u ltiple pin connector plug o rientation .
numbers and electrical val u es are s hown on the d iag rams
along with significant voltages and waveforms . Each ma jor
circ u it is assigned α series of number s fo r the electrical com-

	

Multiple Terminal Connecto r Holder s . Inter-circ u it co n -
ponentτ . Table 4-1 lists these circ u its and t he n u mber series

	

nectio n s between the circ u it board s, o r between the board s
assigned . Ci rc u its mo unted on ci rcu it boards are outlined

	

and chassis mounted com ponents, are made throu g h p in
wit h α dashed bl ue line .

	

connectors . T he te r minals in the connector holder are
i de n tified wit h n u mbers . Connector orientation to the ci r-

ΝΟΤΕ

	

cu it boa rd is keyed wit h two triangles, one on t he h older
and one on the circ u it board . See Fig . 4-1 .

Corrections and modifications to the ci r cu its a re
d escribed on inserts bound into the rear of th e

	

Resisto r Colo r Code . Sta ndard carbon composition and
manual . Check for changes to you r i n stru ment .

	

wire-wound h ig h wattage or precision resistors are used
in th is i n st rument . The resistance values on all composition
resisto rs a re color coded with t he ΕΙΑ standard colo r code .

TABLE 4-1

	

The ΕΙΑ color code for resistors and ca pacitors is s hown in

COMPONENT NUMBERS

	

Fig . 4-2 .

Capacitor Marking . The capacitance value of α com-
mon d isc ca pacitor o r small electrolytic is marked in micro-
fa rads on t he si de of t he component body . The white ce-
ramic ca pacito rs a re color-cod ed in picofara ds using α mod -
ifie d ΕΙΑ code . (F ig . 4-2) .

1-99

	

1

	

Oscillator a nd Mu lti p liers
100-199

	

2

	

μs Dividers

	

Diode Color Code . The cat h ode__

	

end of each glass en-
200-299

	

3

	

ms and s Dividers

	

cased d iod e is indicated by α stri p e, α se r ies of stri pes or
300-399

	

4

	

Marker Amplifie r and	dot. Fig . 4-3 ill ustrates polarity fo r th e types of diodes used
Selecto r Switch i ng

	

in th is instr u ment .

400-499

	

5

	

Power Su pp ly

	

E lectrode Config u ration for Socket Mounted Transistors
and Integrate d Circuits . Lead identification for th e transis-

Circu it Board Ill ustratio n . Each electrical component and

	

tors and IC's is s hown in F ig . 4-4 .
test p oi n t is i d entified on picto r ial circ u it boa rd ill u strations
at t he end of t h is section . These ill u strations together wit h
ci r c u it d iag rams allow t he tro ubleshooter to methodically

	

General Proceduretrace th e ope ration of each circ u it .
T he following proced ure s hou l d facilitate troubles hooting

Wiring Color Code . Colo r coded wire is used to aid

	

and repair .
circ u it t racing . Power supply DC voltage leads have eit h er
α wh ite backg rou nd fo r positive voltage o r α violet back-

	

1 . Be s u re t h at t h ere is really α malfun ction in t he instru -
ground fo r negative voltage . T he ΕΙΑ standard color code

	

ment.

	

Check operatio n of t he associated equ ipment and
is used to signify t he a pp roximate voltage val ue of t he wire.

	

the operati ng

	

procedure of the 2901

	

(see Operati ng
The widest st r i p e denotes th e first significant fig u re .

	

Instructions .

Signal wires and cable use an i dentifying one-band or

	

2. Determine and eval uate all t r o uble symptoms. Try to
two-band color cod e .

	

isolate the problem to α circ u it o r assembly . For exam p le :



Wh ϊ te Ι

	

9

	

--- -

	

10-1

	

---

	

±10% or
1 pF*

(none) ΙΙ ---

	

---

	

---

	

±20%

	

±10% or

Ο@ and	-1st, 2nd and 3rd significant figu res ;

	

Ι

	

1 PF*
*For capacitance of 10 pF or less .

-mu ltiplier ; ά .~ -tole rance;

Signifi- (

	

Multiplier

	

Tolerance
cant Resis- Capaci- Resis- Capaci-

Color Fig ur es to rs tors ta rs to rs

Silve r --- 10' ------ ± 10"/ο ---
Gold -- - 10-1 --- ±5'/ο --

Black	0

	

1

	

1

	

---

	

±20% or
2 pF*

Brown	1

	

10

	

10

	

±1%

	

±1 0/. or
_

	

0.1 PF*
R ed	2 102 102 ±2% Ι ±2%
Orange	3

	

~_ 103

	

Ι 10 3	±3%

	

±3%
Yellow 4 10 4 10 4 ±4% +1000/0

-0%
Green	5

	

105	10 5	±0 .5%

	

:±:5% or
0.5 pF*

B l u e

	

Ι 6 _~ 10-

	

101;	---

	

---
Violet Ι 7 Ι --- ---

	

---

Gray 8 --- 10-2 --- +80%
-20°/ο

or 0.25 pF* Ι

Fig . 4-2 . Standard ΕΙΑ color coding for resistors and capacitors .

Resistor and Capacitor Color Code
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-temperature coefficie n t.

	

NOTE: @ and/o r 0. colo r code for capacito r s de pends upon
manufactur er and capacitor type. May not be present in some cases .

Mar k ers present down to .1 ms bu t not below .1 ms, indicate

	

cuit, prod ucing transient voltages th at may destroy
the .1 ms to .5 ms counter ( U200 or U210) is inope rative .

	

many components .

3 . Vis u ally inspect t he area or t h e assembly for defects
s uch as broken or loose connections, improperly seated com-
ponents, overheated or b urned components, chafed ins u la-
tion or crac ked ins u lators, etc . Repair or replace all obvi-
o u sly defective components. In case of overh eated parts,
try to determine t he ca use of overheating and correct be-
fore app lying power .

4 . C heck power supply voltages, t he n circu it voltages
and waveforms . The sc hematic diagrams contai n pertinent
voltages a nd waveforms fo r th is purpose . Component loca-
tion and test points are shown on ci r cu it boa rd call-outs at
t he end of t h is sectio n ( F ig . 4-9 and 4-10) .

4-3

5 . Check calib r ation ad ju stme n ts of t he affected circ u it, if
app licable, s u ch as one of t he mu lti p liers . Befo re changing
an adjustment, note its ph ysical position so it can be returned
to th is setti ng if it has no affect on th e t r o uble . Th is will
facilitate recalib ration after locating and repairing t he
tro u ble .

If t h e trouble has not bee n fo und and cor rected by t he
foregoing procedure, α more d etailed an alysis must be pe r-
formed . T h e Circ u it Desc r iption section desc ribes th e ope r a-
tional t heory of each circ u it and s ho u ld aid in the evaluation
of t he problem .

Semicond u ctor fail u res account for α ma j ority of electronic
NOTE equ i pment failu re . Beca use most semicond u ctor devices

Voltages and waveform ill ustrations on t h e d ia-

	

(transistors and IC's) are socket mounted , substitution is ofte n
grams are not absolute and may vary between in-

	

the most practical means of c heck i ng t h ei r p e rformance . T h e
st ru ments . T h e first d iagrams page lists t he con-

	

following gu ide lines s hou ld be followed when s u bstit u ting
ditions used to obtain the ill u strations on t he

	

these components .
diagram .

	

1 . Dete rmine first t hat ci rcu it voltages a re safe fo r t he
When m easuring voltages and waveforms, use

	

substit uted component so t h e replacement will not be
extreme care in p lacing meter leads or probes .

	

damaged .
Beca use of h ig h com ponent density and the limited	2 . Use only componen ts t hat are good .
access within t h e instrument, an inadvertent move-
ment of the leads or probe can cause α short cir-

	

3. Turn t he power off before α component is s u bstit u ted .
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4-4

EPA

Fig . 4-3 . Diode pola rity ma rkin gs .

4 . Be s ure th e component is inserted properly in the
sock et (see Fig . 4-4) .

5 . R et u rn good com ponents to t h ei r or igi n al sock ets . T h is
will red uce calibration time and run-in period .

6 . C heck calib ration and pe r fo rmance after α fa u lty com-
ponent has been replaced .

If α s u bstitu te is not available, check t h e transistor wit h α
dynamic tester s u c h as t he Tektronix Type 576 Curve Trace r .
Static type testers s u ch as an ohmmeter ca n be used , if no
oth er method is available, to c heck resistance ratios across
the semicond uctor ju nction . Use t he high resistance ranges
(R Χ 1 k or high er) so t h e exte rnal cur rent is limited to less
than 2 mA . If u ncertain, measure t he exter n al c urrent with an
ammeter. Resistance ratios across th e base to emitte r jun c-
tion or base to collector u s u ally run 100:1 o r h ig he r . T he
ratio is meas ured by con necting t h e mete r lead s across t he
terminals, noting the read ing, t hen reversing t he leads and
noting t he second reading .

Β
ε Ε

ΙΙ Ι

	

'ΊΙ
Ι ι

Ι

Integrate d Circuit

Metal Cased

Epoxy Case d

ε
ι~
Nε

Fig . 4-4 . Lead configuration fo r socket mounted t ransisto r s and IC's
u se d in th e 2901 .

and th e transistor case to increase heat d issi pation . Replace
t he silicone grease when t he transisto r is replaced .

Diode C hecks-Most diodes can be c hecked in th e circ u it
Return transistors to thei r or iginal socket if they are satis-

	

by taking measurements across t he diode and com pa r i n g
factory. Transistors wit h cooli ng radiators or heat dissipators

	

these with the voltages listed on t he d iagram .

	

Forward -
(e .g . Q434) use α silico ne g rease between the heat dissi pator

	

to-back resistance ratios can u s u ally be taken by refe r ring to



Six ind ividu al circuits are contained in α package. Each
provides the simple inversion function .

1

	

>- 6
V

2

	

Q---- 5
V

3

11

gate circ uits in α single package.
12

	

ο-- 9

F ig . 4-6 . Logic data for the 156-Α020-00 ( MC824P ) fo ur, 2-i npu t
13

	

o-

	

$

	

1

	

NOR gates .

'' Ι ! ΙΙ <
ΙΙ 1, %t% Φ

CORRECTIVE MAINTENANCE

Wh en selecting t h e replacement p art, it is im por-
tant to remember that the p hysical size an d s h ap e
of the com ponent may affect its performance in
t he circ u it .

t h e sc hematic and pulling a ppropriate transistors and pin
connectors to remove low resistance loop s around the d iode .
If necessary, unsolder one end of the diode and lift it clear

	

It is best to du plicate t h e original com ponent as closely as
so t he ratio can be ta ken . Observe suggested soldering

	

possible . Parts orientation and lead d ress s ho u ld also d up li-
practices ( u sing α heat sin k) when soldering or u nsoldering

	

cate those of t he original part because some com ponents are
t he diode .

	

oriented to red uce or control circ u it ca pacitance and induc-
tance . After repair, th e circ u its of t he inst rument may need

CAUTION

	

recalib r ation .

	

(.

Fig . 4-5 . L ogic d ata for t h e 156-0021-00 MUM hex i nve rte rs.

6
:J~ 5

7

12

Do not use an o h mmeter scale with α high exter-
nal c urrent to c heck the d iode junction . (See tran
sistor c h eck s .)

	

Soldering Technique

Integrate d Ci r cu it (IC) ChecksΓlntegrated circ u its are
most easily c h ec ked by d irect re p lacement . When s u bstitu -
tion is im possible, check inpu t and ou tpu t sig n al states as
described in t he circu it d escription a nd on the diag ram .
Lead config uration a nd data for t he IC's used i n th is i n stru-
ment a re s hown in Figs. 4-4 t h ro ugh F ig . 4-7 .

9

	

Vce is app lied to pin 11
g

	

and ground is connecte d to
10 pin 4.

This gate element consists of four 2-input positive logic NOR

ment and instr ument repair. Special techniq ues or proce-
d ures requ i red to r e place components in t h is i nstr ument are
desc ribed here.

All replaceable electrical and mechanical pa r ts can be
obtai ned th ro ug h you r local Tekt ronix Field Office or repre-
sentative . Many of t he standard electronic components, how-
ever, can be obtained locally in less time than is requ ired
to ord er from Tektronix, Inc . Before pu rc hasing or ord ering
re p lacement p arts, consu lt the Parts List for val ue, tolerance
and rating . T he Parts sectio n contains instr u ctions on how
to or d er these replacement parts .

ΝΟΤΕ

WARN I NG

Maintenance--2901

Th is p rocedure is standard fo r most of Te kt ronix inst ru -
ments and applies for most sit uatio n s .

Disconnect the instrument from the power source
before sol dering .

Circu it Boards . Use ordinary 60/40 solder and α 15- to
Corrective maintenance consists of com ponen t replace-

	

20-watt p en cil type sold eri ng i r o n on t h circ u it board s .

4-5
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1

	

ρ S

	

00-14

2 --t-Ι Τ

5_0S ηιηι 9

6 -! ~ Τ

7~λ C 0 r)- 8

tin

	

tπ+1

S C Ο Ο
Η Η On -an
Η

	

L

	

Η

	

L
L

	

Η

	

L

	

Η

L

	

L Ι Οη Ι On

Α . Logic diagram for MC891P and MC890P Vce connected

	

Β . The time pe r iod to t he negative transition of t he clock
to pin 11 . Pin 4 and all unused i nput p i ns are grounded .

	

pulse

	

is de n oted tn . Th e time pe r iod su bsequent to th is
t ran sition is denoted to+1 .

The symbol 1 indicates th is i nput is sensitive only to the
negative transition of t h e sign al .

Truth Table
(Cloc ked Inpu t Operatio n )

F ig . 4-7 . Data fo r t h e J-Κ fli p-flop IC's u sed in t h e 2901 . (in this instr umen t, pins 1 and 3, 13 and 14, a re t h e reve rse of t h e manu fact ure r s
data sheet .)

T he tip of t h e iron s hou l d be clean and prope r ly tinned for

	

6. Clean t he area around the sol d e r connection with α
best heat transfer to t he solder joi n t. Α hig h e r wattage

	

fl ux remover solven t . Be ca r ef u l not to remove info rmation
soldering iron may separate t he wi r ing from the base

	

pr inted on the boa rd .
material .

T he followi n g procedur e is recommended to replace α
component on α ci rcu it board . Most com ponents can be
replaced wit hou t removi ng t he board from t h e instrument .

1 . Grip t h e com ponent lead with long-nose plie rs . To u ch
th e soldering iron to th e lead at th e sol d er connection . (Do
not lay t h e iron d irectly on t he board ; th e heat may damage
t h e board .)

2 . When t he solder begains to melt, pull t he lead out
gently . Th is s hou l d leave α clea n hole in th e board . If not,
t he hole can be cleaned by reheating t he solder and placing
α s harp ob j ect su c h as α toot hp ic k into th e hole . Α vacuum-
type desoldering too[ ca n also be used for th is pu r pose .

3 . Bend the new com ponent leads to fit th e h oles in t he
board . If the boa rd is mou nted i n t he instr u ment, c u t t h e

	

Replacing the Square Pin Circuit Board Terminals
lead s so they will ju st p rot rude t h rough the board . Insert
t h e lead s into t he holes i n th e board so th e component is

	

The following describes t h e r eplacement p rocedure fo r

firmly seated o r as it was positioned originally . If it does

	

circuit boa rd pin connecto r replacemen t :
not seat prope r ly, heat t he sol der and gently press t he com-
ponent i n to place .

	

It is im po r tan t n ot to damage or d ist u rb th e ferr u le when
removi ng th e old st u b or α broken p in . Th e ferr u le is swaged

4. To protect h eat-sensitive components, h old the lead

	

i nto t he circu it board and provides α base for soldering t he
between the component body and the solde r j oi n t wit h α

	

pin connector .
pair of long-nose pliers or ot her heat si nk . Touch the i ron to
t he connection and apply α small amou nt of solde r to make

	

If the broken st u b is long enou gh , grasp it with α pair of
α firm solder jonit .

	

need le nose pliers, apply heat wit h α small solde r ing iron to
t he pin base or t he ferr u le and pull t he old pin ou t . (The

5. Clip t he excess lead s (if not clipped in step 3) t h at pro-

	

pin is pressed into t he ferr u le so α firm pull is req u ire d to
tr udes th ro ugh the board .

	

pull it o u t .)

4-6

Metal Terminals Soldering . When solde r i n g metal ter-
mi n als (e .g ., switc h terminals, potentiometers, etc .) ordina ry
60/40 solde r is satisfactory . Th e sold e ri n g iro n s hou l d have
α 40- to 75-watt rating and α 1/8 inc h ch isel ti p .

1 . Apply only enough heat to ma ke t he sold er flow f r eely
and fo rm α good electrical connection . Do not use excessive
solde r . Excess solder may impai r the ope ratio n of t he circu it
o r cove r α cold solde r j oi n t .

2 . Clip off exccess wire t hat may extend past t he soldered
connection and clea n the area with fl ux-remover solvent .



If t he bro ken st ub is too short to grasp wit h pliers, use α
small dowel ( .028 inc h in diameter) clamped in α vise to pu s h
the pin ou t of t h e ferr u le after the solder has been heated .

T he old fe r r u le can be cleaned by reheating th e sol der and
placing α sharp ob ject s u c h as α toothp ic k or small d owel
into t he hole . Α .031-i n c h d rill mou nted in α pin vise may
also be used to ream t he solder ou t of th e old fe r r u le.

Use α pair of diagon al c u tters to remove t he fe rru le from
t he new p in, then inse r t t h e pin into the old ferr u le, and
solder t h e pin to bot h si des of t he fer ru le .

If it is necessary to bend t he new pin, grasp the base of
th e pin wit h needle nose pliers and bend against t he pres-
s u re of t he pliers to avoid breaking t he board arou nd the
ferru le .

Pushbutton Switch Rep lacement

The pin connectors for t he MARKER SELECTO R or TRIGG ER
S ELECTOR switc hes are soldered into either of the two circ u it
boards . T h e com plete switch assembly s hou l d be replaced
if any switch is inoperative . Removal procedu re is as follows :

ΟΤ

1 . Pull t he pu shbutton knobs .

Lever Switch Replacement

Ind ivi d u al pa rts of α lever switch are u s u ally not replaced .
If α section of t he switc h is d efective, replace t he complete
assembly . Refer to t he E lectrical P arts List for t h e correct part
n umber to reorder th e replacement . Tag t h e lead s and switch
contacts wit h corres pond ing tags or use t he old switc h as-
sem b ly as α sam ple fo r wi r ing th e re p lacemen t . U se sol d er-
ing tec h ni q u es previo u sly describe d .

Circuit Board Replacement

Maintenance-2901

F ig. 4-α . Coupling st ra p between marke r selector switch extru sion
ba r.

1 . Upper (Multiplie r ) Ci r cu it Board

α . Disconnect th e pin connectors from t he board and un-
solder all sold ered connections to t h e board . Tag each wire
as to its connection as it is removed .2 . Remove t he circ u it board assem bly as desc r ibed u nd er

Circu it Board removal .
b . Remove the p u s hb utton by pu lling straig h t ou t on t he

3 . Unsolde r the switc h p in connectors and pull t he solde r

	

button .
f rom t he pin board eyelet or ferru le wit h α desoldering tool .
When all con nections have been unsoldered and as m uch

	

ι. Remove t h e fo ur screws t h at h old the circ u it board in
of t he solder removed from t he eyelet as possible, gently

	

place .
wo rk the switch assembly loose from t he board . T h is can
be done by maintaini ng press u re betwee n the switc h assem-

	

d. Remove the screw h old ing th e top of t he coup li ng stra p
bly and the board as t he solderi ng iron is a pp lied briefly

	

between the u pper and lower switc h extrusion bar, see
to each con nection .

	

Fig . 4-4 .

e . Sli de t he u pper circ u it board back and ou t of t he instr u -
ment .

f . Replace t he boa r d by reversing t he removal procedure .

2 . Lower (Divider) Circu it Board

α . Disconnect the p in connectors from t h e board .

b . Pull th e switc h buttons off by p u lling straigh t o u t .

c . Remove th e fo u r mounting screws that hold the circ u it
board .

d . Sli d e t h e board bac k and out of t h e instr ument .

e . Replace t he board by reversing t he removal procedu re .
M ost of t h e com ponents mou nted on t he circu it board s can

be re p laced wit ho u t removing the circu it boards . Observe

	

f . Refer to Fig . 4-2 if in dou bt abou t pin connector
t he soldering preca u tions liste d und er Soldering Tec h ni q u es

	

orientation .
i n t h is section . If th e circ u it board is damaged or the p u s h-
b u ttons m u st be replaced , t h e following procedure describes

	

Miscellaneous Maintenance Information
how to remove t hese boards . P art Nu mbers for each board
(com p lete assembly or board s only) are given in t h e Mechan-

	

The power t ransformer in t h is instr ument is warrante d for
ical Parts L ist (Section 6) .

	

the life of t h e instr ument . If defective, contact you r local
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Tektro n ix Field Office o r r epresentative (see wa rranty note in

	

Recalibration After Repair
f ront of t h is manual) . Use only α d irect replacement Tek-
t r o n ix transfo rmer. Be sure to label the leads befo re unsold -

	

When any electrical com ponent is replaced , t h e calibratio n
ering t hem from t he transformer terminals.

	

and performance of the associated circ u it mu st be checked
as well as ot her dependen t ci r c u its. If t he power supply has

Fig . 4-9 ill u strates th e locatio n and i n stallation of an op-

	

been repaired , all circu its a r e affected and t h eir performance
tio n al RF line filter.

	

should be checked using the p rocedu re described in Section 5 .

F ig . 4-9. Location and installation of t h e optional RF li ne filter .
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Fig . 4-10 . Component location for the multiplier ci rcu it board (oscillato rs, multipliers, and μs divide r ci rcu its) .

4-9



Maintenance,-2901

4- 1 0

Fig . 4-11 . Component location for the divider circuit board (ms and s dividers, power supply regulator, and trigger output circuits) .



Introduction

SECTION 5
PERFORMANCE CHECKICALIBRATION

C h ange information, if any, affecting t his section will be fo u nd at th e
rear of t he man u al .

T h is section is α com posite of two proced ures . One pro-
vi des α f ront panel c h ec k of i n str ument perfo rmance against
s p ecificatio n s ou tlined in Sectio n 1 and the second describes
complete calib ration of th e instr u ment. Pe rfo r ming t he com-
p lete p roced u re, c heck s and restores t h e inst rumen t to original
pe rfo rmance standards . T he equipment listed is n eeded fo r
both α Performance Check and Calibration . Equ i pment set up
p ict u res, control settings and most waveform photograph s
apply to bot h p roce d u res .

Limits, tole rances and waveforms provi d ed in t h e calibra-

	

Equipment and Test Fixtures Required and
tion step s are f u rnis h ed as guides and are not i n tend ed as

	

Recommended
instr umen t s p ecifications . Fo r example : powe r supp ly volt-
ages and ri p p le tolerances listed i n th is procedure are guides

	

The following is α list of equ i pment req u ire d to perform
to obtain optim um instr ument ope ration . Actual val u es may

	

α com p lete performa nce c heck or calib r atio n . The sp ecifi-
exceed the liste d tolerances with no loss in i n st rument

	

cations given are minim um fo r accurate calib r ation ; th e re
pe r fo rma nce .

	

fore, some of t he recommended equ i pmen t specifications
may exceed th ese mi nimu m requ iremen ts .

Com plete or Partial Performance Check

	

Special Tek t ronix calibration fixt u res a re also used to
facilitate t he procedure . These fixt u res are available f rom

Perform all steps i n sequence wit ho u t removing th e si d e

	

Tektronix, Inc . and may be o rde red throug h your local Tek -
panels or cove rs . All performance requirements given in th is

	

tronix Fiel d Office or representative .
section corres pond to t h e c haracte r istics given in th e Speci-
fication section . I n ternal calib r ation adjustment ste p s o r

	

If α partial performance c heck or calibration is desired,

c heck s a re preced ed wit h ADJUST . T hese steps are not part

	

the necessary test equipment to perform t hese c heck s and

of t he pe rfo rma nce check procedu re .

	

adjustments can be determined by referring to the a ppro-
priate steps i n the procedure .

After re p lacing α com ponent o r r e p ai r ing α circ u it, if α
partial pe rfo rmance c heck is d esi red , refe r to th e nea r est
test eq u i pment setup that p reced es t he desired check step .
T h is will list t h e i n itial equ ipmen t set up and control positio n s .
T hen make t he necessary changes descri be d in t he step s
between in itial set u p and the desired partial c heck .

Complete or Partial Calibration

Before perfo rming α com plete calibratio n , t he i nstr ument
shou l d be cleaned and inspected as outlined in t he Main-
tenance Section . Perform all check s and ad ju stments i n se-
q ue nce . I n ternal check s s uc h as power supply reg ulation are
pr eceded or followed with α NOTE indicating that these
c heck s are only app licab le to calibratio n .

Α pa rtial calibration can be performed by t u rning to th e
check or calibration desi red and following t he procedure
described for α p a r tial performance chec k.

2901

formance/calibration procedures a r e modified . T he history
of procedu re and information applicable to earlier inst ru -
ments are incl uded eit h er as deviations wit h in t he steps or
as α s u b-part of α step . T hese a r e clearly in dicated .

Interaction
Adjustments that interact a re noted and refe r enced to the

affected step or steps .

1 . Test oscillosco pe :

	

Bandwidth DC to 10 MHz real time
and	DC to 500 MHz equivale n t time ; deflectio n factor, .01
V/Div ; sweep rate 5 s/Div to 2 ns/Div.

	

Tektronix Type 561
or 564 oscillosco pe with Ty pe 3S1 and Type 3Τ77Α Sam-
ping p l u g-i n un its, p l u s Type 3Α6 amplifie r and Type 21367
real time plug-in u nits ; Te ktronix Type 540 se r ies wit h Ty pe
1 Α 1 amplifie r plug-in un it pl u s Type 1$1 samp li ng p l u g-in
un it; or 7000 se r ies oscilloscope with 7Α 16, 71370 and 7511,
7Τ 11 p l u g-in un its .

2 . 1 Χ probe : Tek tro n ix Ρ6011 wit h BNC connector . Tek -
tronix Pa rt Number 010-0192-00.

3 . 10 Χ pr obe : Tekt r on ix Ρ6034 with GR connecto r (fo r
samp li ng un it) . Te ktron ix Pa r t Nu m be r 010-0110-00.

4 . Va r iable au tot ransformer: Variable range 90 VAC to
136 VAC or 180 VAC to 272 VAC . General Radio M ete red
Va r iac Autotransfo r mer, Model W10MT3W. If a u totran s-
former does not have an AC voltmete r to monito r the out-
p u t voltage, an AC voltmeter (RM S) with α ran ge 90 to 272
volts must be used .

H istory Information

	

5. Frequency Standard or Digital Frequency Counter :
Th e instr ument and manual are s u b j ected to constant

	

Frequency 10 ΜΗτ ; stability 0.3P/M' over any 24 hour
eval uation and u pdating . Consequently circ u its and per-

	

pe r iod . Hewlett-Packard HP 5245L cou nter recommended .



Performance Check/Calibration-2901

Α stable communications receiver t h at will receive any one

	

PERFORMANCE-ON

	

OFF -
of the National Burea u of Standa rd s transmitting stations

	

E] 2. Check/Adjust-30 Volt Supply (Calib ra-

	

Page 5-4(WWV, WWVB, WWVH) can also be used to c heck t he accu -
racy of the i n te rnal cloc k frequency .

	

tίοη Only)
REQU IREMENT-30 Volts ±5%,

6 . DC voltmeter: Sensitivity 20,000 ohms/volt, accuracy PERFO RMANCE-Voltagewit h in 1 % at 30 volts and 3.6 volts .

7 . Sig nal

	

Generato r :

	

Freq ue ncy range 350 kHz to

	

10

	

0

	

3. Check Power S u pp ly Voltage Reg ulation

	

Page 5-4
MHz .

	

Outpu t amp lit u de 2 V pea k to peak into 50Q .

	

Tek-

	

and R i pp le (Calib r atio n Only)
tro n ix Type 191 Constant Am plit ude Signal Generator .

	

REQUIREMENT-16V ±5%.

	

R i p ple wit h i n 40 mV

8 . Pulse Generator :

	

Freq uency range 50 kHz o r less to
,350 kHz . Ou tpu t pu lse amp lit ude 2 V peak i n to 50Q . Pulse

	

PERFORMANCE-3.6 V
V±±

	

, Ripplel1 _mVVrisetime

	

faster

	

th a n	2V/μs .

	

Tektron ix

	

Type

	

115

	

Pulse

	

-30

Generator .

	

0

	

4. Check/Adju st Crystal Oscillator Freq ue ncy .

	

Page 5-5
9 Terminatio n :

	

Im Vedαn Ι e 50 Ω

	

BNC connectors

	

Τ .k

	

Check stability .., .-
tronix Part Number 011-0049-01 .

	

REQU I REMENT-Accuracy wit h i n 10 Ρ /Μ of 10 ΜΗτ
standa rd f rom 20°C to 30°C . Stability with i n 3 Ρ /Μ

10 . Ada pte r : G R to BNC female. Te ktr onix Part Num-

	

from 20° C to 30°C.
ber 017-0063-00 .

	

PERFORMANCE-Accuracy

	

. Stability
11 . Ada pte r : Cli p-lead to BNC . Tektronix Part No. 013-

0076-00.

12. Ada pte r : BNC to du al binding post . Te ktronix Part
No . 103-0035-00 .

13 . Cables : Two (2), impedance 50Q, Type RG58A/U,
lengt h 42 inc h es, BN C connector . Te ktr o n ix Part No . 012-
0057-00.

b. Low-ca pacitance alignment tool and hand le, fo r tun-
ing s/64 i n c h h ex sl ugs. Tektronix Part Number 003-0307-00
I nsert Tektro n ix Pa rt Number 003-0310-00.

ι . Low-capacitance alignmen t tool, to t une 1/8 inch
powdered iron cores . Tektro n ix Part Number 003-0497-00 .

2901, Se r ial No . -

Calibration Date -

Calibrator

5-2

-30V ±5%, R i pp le with i n 40 mV

[]

	

5. Check/Adju st 50 n s Marker Ou tput

	

Page 5-8
REQU IREMENT-Accu racy within 10 Ρ /Μ , amp lit ude
at least 0 .5 V peak i n to 50 Sl .
PERFORMAN CE-Accu racy -__ Am plit ude

	

V
pea k .

6 . Chec k /Ad ju st 10 ns Mar ker Ou tput

	

Page 5-9
REQU IREMENT-Accu racy wit h i n 10 Ρ /Μ , f rom 20° C

14. R esistor : 1 kΩ , 1/Ζ watt, 1 % tolera nce .

	

Adju sting Tools

	

to 30° C, Amplitude at least 0.3 V pea k i n to 50 Ω
(see Fig . 6-2) .

	

load.
15. Alig n ment Tools :

	

PERFORMANCE-Accu racy _

	

Amplit ude

	

V
α . Small screwd river with α 3/ Ζ inch blade .

	

pea k .

7. C heck /Ad ju st 5 ns Marke r Ou tpu t

	

Page 5-9
REQ U IREMENT-Accuracy with in 10 Ρ /Μ from 20° C
to 30° C, Amplit ude at least 0.3 V peak into 50 Ω
load .
PERFORMANCE-Accu racy Amplitude V
pea k.

PERFORMAN CE CHECK/CAL IBRATION

	

E] 8. Chec k/Adju st 2 ns Marker O utput

	

Page 5-9
REQU IREMENT-Accu racy with in 10 Ρ /Μ from 20° CRECORD AND INDEX to 30° C Amplitude at least 0 .3 V pea k into 50 Ω

The following abridged pe rfo rman ce c heck and calib ra-

	

load.
tion procedu re provides α record of th e perfo rmance check

	

PERFORMANCE-Accuracy ____ Am plit ude
and /or calibration o r it may be used as α gu i d e for an
ex perienced calib r ato r .

	

It may also se rve as an in dex to

	

E]

	

9. Check Mark e r O u t p u t ( .1 μs to 5 s)

	

Page 5-10
locate α pa r tic u lar step in the procedure . Performa n ce re-

	

REQU IREMENT-Accurate marker pe r io d s . Am p li-
q u i remen ts, given in th e following step s, corres pond to t hose

	

tude of ma rkers at least 0.5V peak into 50f2 load .
given i n Sectio n 1 .

	

PERFORMANCE-Marker Period s ; Co r rect

	

In
Short Form Proced ure

	

correct -_ . Amp lit u de fo r all markers -

	

V
peak .

[10. Check Marker Am plifier O u tp u t

	

Page 5-12
REQU IREMENT-E it he r positive or negative going
markers for each Mark e r selection, from 5 μs to 5s .
Am p lit u de at least 25 V peak i n to 1 kΩ load .

0 1 . Check Oven Lig h t Operatio n

	

Page 5-3

	

PERFORMANCE-Correct pola r ity

	

; incorrect
REQU IREMENT-Oven shou l d cycle on and off at

	

polarity

	

_ . Amplit ude

	

V peak into 1 kΩ .
reg u lar intervals ; on a pp roximately 10 second s and

	

011 . Check Trigger O utp u t ( .1 Its to 1 s)

	

Page 5-12off 20 to 30 seconds .
REQU I REMENT-Acc urate t r igge r period s . Amplit ude

' Parts pe r million .

	

of trigge r signals at least 0.5V peak into 50Q .



0 12 . Check External Oscillator Inpu t

	

Page 5-13

REQU I REMENT-Amplitude, 1 V pea k to peak to 5 V
(Peak AC + DC), Frequency 50 kHz o r less to 10 MHz
or more .

PERFORMAN CE-Amplitude --. Frequency range ;
co rrect -_- inco rr ect

Performance Check Only

Performance Check/Calibration-2901

PERFORMAN CE-Mark e r Pe r iods ; Corr ect

	

In-

	

ment ob jectives. Circ u it modifications and va r iations be
correct

	

. Amplitude

	

V peak i n to 50Q .

	

tween instruments can affect t he wave shape, ma king it
im p ractical to d u plicate th e photograph in t he manual .

1 . Set t he LI NE VOLTAGE selecto r (rear pa n el) to t h e
a ppropriate setti ngs (90-136V or 180-272V) fo r th e avail-
able power source and t he CLOCK switc h to INT . P l u g the
2901 power cord i nto th e power source . Allow ample time
for t he i n strument and crystal oven to stabilize .

PERFORMANC E CHECK/CAL IBRATIO N

	

2. Sta rt the p erfo rmance check with step 1 or tu rn to the
PROCED URE

	

desired step. (It may be necessary to refer to p reced ing
steps fo r initial test equ i pment setu p and control settings .)

Preliminary

The seq uence of step s in t h is proced u re allows th e 2901

	

Calibration Procedure Only
to be calibrated or checked with the least interactio n of

	

1 . Remove the 2901 f rom its cabinet,
adjustments and reconnection of equ i pment . T h e adju st-
ment steps are iden tifie d by t he sym bol 0 following t he

	

-

	

2. Connect the autotransformer to α su itable power source.
title . Pe r fo rmance req uiremen ts are checked in t he "CHECK"

	

3. Set t he L I NE VOLTAGE selector (on the back panel)
part of t he step before an adjustment is made . The "AD-

	

for the co rr ect o pe r ati ng position (90-136V or 180-272V) .
JU ST pa rt of t he step identifies t he calibratio n steps . Each	Switch the CLOCK selecto r to ΙΝΤ positio n .
ste p or g roup of simila r step s is preceded by α test equip-
ment setup fig u re to show the equ i pment and hookup re-

	

4. Connect the 2901 power cord into t he ou tp u t connector
qu i r ed fo r each g ro up of steps . Con t rol settings and hoo kup	of the a utotransformer and set the ou tp u t of th e autotrans-
c ha nges t hroughou t t he proced ure follow f rom t he preced-

	

former to 115V (or 230V) .
i ng step(s) unless noted othe rwise . Fron t pan el con t rol titles

	

5. Allow 2 hou rs, with power applied, for t he crystalt h at pe rtain to th e 2901 a r e capitalized (e .g . MARKER SE-

	

oven temperature to stabilize . Allow ~30, minutes warmupLECTOR ) . Inte rn al adjustmen ts a nd co ntrol callo u ts for as-

	

time, afte r the crystal oven has stabilized, with powersociated test equ i pmen t a re i n itial capitalized (e .g . -30V

	

switched ON, before checking or adjusting any inst rumentAd ju st, Time/Div) .

	

parameters .
The pe rformance of t he 2901 shou l d be c heck ed in an

ambien t temperat u re between 0°C a nd 50°C after t he oven	6 . Begi n th e calib r atio n p rocedure with step 1 or t ur n

i ndicato r shows the crystal has reached ope rating tempera-

	

to the d esi r ed step . (It may be necessary to refe r to set-

t ure ( power cord connected to power so u rce for α minimu m

	

ceding step s fo r i n itial test eq u i pment set u p and control

	

-

period of 2 hours) and th e POWER switch has been on for

	

tmgs.)

at least 20 minutes . Calibrate t he instru ment when the am-
bient temperature is within 25°C ±5° C, for best perform-

	

1, Check Oven Ligh t
ance.

Waveform ill u stratio n s i n th is procedu re a re act u al p h o-

	

α . No test equipment is required for t h is c heck .

tograph s ta ke n wit h α Tekt ronix Oscillosco pe Camera

	

b. After 2 hou r period with power applied th e oven
System . These p ict ures a r e i n tended to h elp clarify written

	

lig ht shou ld cycle on and off at reg u lar intervals . (Typically
descriptions with i n the step s and are not intended as ad ju st-

	

'

	

on 10s, off 35s .)

NOTES
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α . Test equ i pment set up is s hown in Fig . 5-1 .

Fig . 5-1 . Initial e q u ipme n t set up for ch ec k ing and adju sting powe r supply .

2 . Check/Adju st -30 Volt Supply (calibration only)

	

Voltage shou l d remain 3.6V ±5% . R i p p le s ho u l d not ex-

a . Equ ipment setu p is s hown in Fig . 5-1 .
ceed 40 mV .

b . Connect t he DC voltmeter between t he -30 V bu ss or

	

f.

	

R et u rn t he au tot ransformer to 115 (230) VAC and re-
move the 1 Χ probe .

	

If the line voltage is approximatelyterminal a nd ch assis grou nd (see Fig . 5-2) .

	

115V (230V), the 2901 may be connected d i rectly to t he
ε. ADJUST -30 Volt Adju st R451 ( Fig . 5-2) for -30 volts .

	

fine for th e remaind er of t he proced ure .

d. Interaction-May affect performa nce of all circ u its
wit h in th e 2901 .

3 . Check Power Supply Voltage Regulation and Ripple
(Maintenance requirement only, not α specification .)

b . Connect the DC voltmeter and t he 1 Χ probe from t he
test oscilloscope to t he -30 volt bu ss (see Fig . 5-2) .

ι . C heck-Voltage regulation and ri pple amplitud e of
t he reg u lated supply as t he in p u t s u pp ly voltage is varied
between 90 VAC to 136 VAC (or 180 VAC to 272 VAC.
Voltage shou l d maintain -30V ±5%. R i pp le s ho u l d not
exceed 40 mV . Dis regard hig h freq uency hash , spi k es or
transien ts .

d . Connect the DC voltmeter and the test oscillsco pe
probe to t he +3.6V bu ss or terminal ( Fig . 5-2) .

e . C heck-Voltage reg u lation and ripple of t he 3.6V
regulated supply usi ng t he procedure described in step ι .

5-4

Fig . 5-2 . Powe r supp ly voltage test points and ad ju stme n ts .



4. Check/Adju st Crystal Oscillator Frequency and

	

Burea u of Standards signal from thei r Bo u l de r, Colo rado
Stability

	

(WWVB), Wash ington, D.C . (WWV), o r Hawaii (WWVH)

An

	

accurate

	

10 ΜΗτ

	

frequency

	

standa rd	or

	

measuring

	

transmitting stations .

device is req u ired to c h ec k o r ad ju st t h e c r ystal oscillator

	

NOTE
frequency . Two procedures a re provided . The first is α

	

Allow α minimum of 2 hours wit h power a pp lied
direct f req uency measurement usi n g an Electronic Digital

	

for the crystal oven to stabilize, before attempt-
Frequency Counter, t he second proced ure uses t he National

	

ing to measure or a dju st the oscillator frequency .

NOTES

Performance Check/Calibrat ίon-2901



Performance Check/Calibration-2901

Laboratory Stand ard
Freq . Measu ring Device

Α. Suggested setup for adju sting crystal oscillator to laboratory standard .

?\
.rx 3438 οτειυοι . ψ

Commun ication Receiver
Co nnect probe across the voice
coil of the r eceiver or, if possible,
from the output of the second
detector in the receiver .

Wire 12 to 15 inch es lo ng

Β. S uggested setup for adj usting cr ystal oscillator frequency to N atio n al Bureau of Standards.

5-6

Fig . 5-3. Equ ipment setup to ch ec k/a dju st c rystal oscillato r f requen cy an d stability.

2901

BNC Type 50 ohm
Terminating Resistor



Method 1
α . Test equ i pment set u p is s hown i n F ig . 5-3Α .

b . Requirement- Freq u ency 10 MHz -1-1001-1z, when am-
bient temperature is wit h in 20 °C to 30°C ; 10 MHz -+-20O Hz
for ambient tempe rat ure of 0°C to 50°C . T he crystal oven
m ust be stabilized . Frequency must not change more than
30 Hz/24 hou r period (ambient temperature 20° C to 30° C .

ι . Apply .1 μ s markers f rom t he MARKER OUTpu t con-
nector of th e 2901 t h ro ugh α coaxial cable and 50 Ω termina-
tion to t he i npu t connector of α d igital frequency counter
or eq uivalent f req uency measuring d evice .

d. CHECK-Acc uracy of th e 10 MHz crystal oscillator and
oscillator frequency stability .

e. ADJUST-Oscillator frequency to 1O MHz as follows :

1) Adjust C8 ( F ig . 5-4) for IO MHz .

2) Adju st LS midway between oscillator d ro pou t points .
(To locate t he dropou t points, t u rn the core in u ntil the oscil-
lator stop s, t he n turn t he core ou t un til t he oscillator stop s .
Ad ju st t he core to t he cente r of the range .)

3) Adju st C8 for equal drift arou nd 10 ΜΗτ , as t he oven
cycles on and off . L5 may be ad ju sted α slig h t amount (not

	

Fig. 5-4 . Crystal oscillator f requency and amp lit u de a d ju stments .
t o exceed 1/2 tu rn) for fine freq uency s h ift .

f . Discon nect t he .1 μs marker signal f rom the frequency

	

2) Ad ju st t he vertical deflection of t he test oscillosco p e,
measuri ng device a nd connect the MARKER OUTpu t thro ug h

	

dur i n g t he tone period , for α d is pay amplitud e of approxi-
α 50Q te rmination to the vertical inp u t of t he test oscillo-

	

mately 4 divisions on t he test oscilloscope.
scope . Ad j ust t he test oscilloscope Time/div and Volts/d iv

	

3) Turn t he CW or Β FΟ cont rol of t he communicationscontrols for α .1 μ s marker d isplay on t he oscillosco pe . (1 Ιιs/

	

receive r on and t une t he receive r carefu lly to t he exact fre-div to .1 ,u s/d iv settings are satisfactory .)

	

quency of t he signal . (When the receive r is properly t uned
g . ADJUST-1-13 ( F ig . 5-4) for maximum marker am p lit u de .

	

only the 440 or 1000 Hz tone can be heard .)
If th e core of L13 is moved more t han one f u ll tu r n, read-

	

4) Turn off t he CW or BFO oscillator on t h e receiver .ju st L5 to t he midpoi n t of the oscillator operating range .
Recheck accu racy of t h e 10 MHz oscillator .

	

5) Install α 50 <_> termination on the MARKER OUTpu t
connecto r of t he 2901 and insert α s h ort (12 or 15 i n c h ) pieceh. Interaction-Will affect accuracy of all markers and

	

of wire into t he center conductor of t he te rminato r .
trigger signals .

Method 2
α . Test equ ipment setup is ill u strated in F ig . 5-3Β . T here

is no d irect connection between t he 2901 and eit her test
equ i pment.

b . Requirement-See ste p b, for Met hod 1 .

Performance Check/Calibration-2901

6) Depress th e .1 μ s MARKER SELECTOR pu shbutton on
the 2901 . The s h ort wire will act as an antenna and radiate
the 10 MHz signal from t he 2901 so it ca n be receive d by t he
comm unication receiver . If t h e sign al level is too h ig h , it
may block ou t t h e NBS signal . If t h is occu rs, s ho r ten t he
radiati ng wire .

7) CHECK-The f requ ency diffe rence o r beat freq uency
between the two signals. Must not exceed 100 Hz (one cycle/
d ivision with α Time/cm setting of 10 ms) .

c . Trigge r the test oscilloscope inte rn ally from the signal

	

8) ADJUST-C8 and L5 as described in Method 1 stepinput to t h e vertical p l u g-in u nit .

	

ρ
e, du ring th e off period of the modu lation tone, for min i

d . T he 10 MHz c rystal oscillator can be c heck ed or cali-

	

mum

	

beat frequency or minimum signal am p lit ude on the
brated by beating the oscillato r frequency against the Na-

	

test oscillosco pe . Do not disturb any components i n the
tional Bu rea u of Standards broadcast frequency . Check the

	

oscillator ci r c u it afte r the frequency has been ad ju sted .
frequency of t he oscillato r as follows :

	

e. Disconnect the radiating wire and termination from t he
1) Tune t he commu nications receiver to t he 10 ΜΗτ or

	

MARKER OUTpu t connector and apply t he .1 μ s signal
20 MHz NBS carrier signal, whic hever is stronger.

	

The Na-

	

through α coaxial cable and 5012 termination to the ve r tical
tional Bureau of Standards transmits α 440 or 1000 Hz tone

	

input of the test oscillosco pe . Ad ju st the test oscilloscope
for α part of each minute t hen α se r ies of cloc k pulses or

	

Time/div and Volts/div con trols for .1 μs marke r d isplay on
clocks, one each second .

	

the oscillosco pe .
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f . ADJUST-L13 ( Fig . 5-4) for maximum marker am p lit u de .

	

g. Inte raction-Will affect accu racy of all marker and
If th e core of L13 is moved more t han one f u ll t ur n, read ju st

	

trigger signals when 2901 is operated wit h internal clock .
L5 to t h e midpoint of the oscillator operating range . Recheck

	

Will also affect intermod u lation d istortion of th e mu lti p lier
accuracy of t he 10 MHz oscillator.

	

outputs .

5-8
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5 . C h eck/Adjust 50 ns Marker Outpu t

F ig . 5-5 .

	

Test equ i pmen t set up to c h ec k/ad ju st multiplier ou t p ut.

	

(50 ητ , 10 ns, 5 ns, 2 πs .)

α . Test equ i pment set u p is s hown in F ig . 5-5 .

b . Requirement-50 ns marke r period .

	

Amplit ude at least
0 .5 V pea k to pea k , into 50 Ω termination .

5,m ιp ι my
ιΡις l'ι - In Unit,

3) Read ju st L13 α slig h t amo unt for optim um flatness of
t he 50 ns ou tp u t and maxim um amplit ude of t h e .1 μs marker
ou tp u t.

4) Ad ju st R25 for optim um flatness of t he 50 ns out pu t .

ΝΟΤΕ
c .

	

Connect the MARKER OUTpu t t h rough α 50 Ω coaxial
cable to t h e v ertical inp u t of α sampling p l u g-i n u nit (Type

	

Τes se a dju stments interact and affect ou tpu t flat-
3S1 or IS]) .

	

Set the vertical deflectio n for 200 mV /Div.

	

ness .

	

Flatness

	

or

	

i ntermod u lation

	

d istortion

	

will
a dversely affect t h e o u tpu t of s u bsequent multi-

d . Apply .1 us trigge r signal from the TR IGGER OUT con-

	

p liers . It s hou l d not excee d 1 % at 20 ° C in th is
nector of t he 2901 thro ugh α 10 Χ attenuator to t he external

	

stage in ord er to maintain satisfactory flatness
trigger i np ut of t he sampling p l u g-in u nit . Ad ju st th e sweep

	

throug h t h e remaining multipliers . Flatness or inter-
trigge r fo r α triggered d is play .

	

modu lation can be checked as follows :

e . CHECK-Freq uency of th e 50 ns marker sine wave and

	

α ) Set t h e vertical sensitivity of the sam pling pl u g-i n
its amplitude.

	

Frequency period 50 ns (20 MHz), amplitud e

	

unit to 200 mV /Div and ad ju st t h e Variable Volts/Div con
at least 0.5 V peak to pea k .

	

(Am plit ude two and one half

	

trol for α d is p lay amp lit ude of 5 divisions .
d ivisions wit h 200 mV/Div .)

b) Inc rease t he d eflection sensitivity by α factor of 20
f . Ad justment- R24 to R25 .

	

by switching t he Volts/ Div selector to 10 mV/Div .

	

Each divi-
sion now represents 1 % of t he total signal amplit ude .

1) Set R25 ( F ig . 5-6) midrange .
c) Ad ju st th e DC Offset control to position t he bottom

2) Adju st L28 for maximu m amp lit u de of 50 ns ou tp u t.

	

of the d isplay within t h e gratic u le window .



Γ

d) Turn the sampling p lu g-in un it Time Position control
th ro ugh its ran ge and observe t he amplit ud e d ifference be-
tween t he maxim um and minimu m signal c r ests, over th is
ra nge . S ho u l d not exceed 1 % or 1 d ivision .

e) Ad ju st t he DC Offset co n trol to position t he top of
t h e dis play wit h in t he gratic u le wi ndow . Again measu re t he
mod ulation percentage .

6 . Check/Adjust 10 ns Marker Ou tpu t

	

0
α . Test eq u i p men t set up is as describe d for step 5.

b. R equirement-10 ns marker period . Am p lit u de at least
0 .5 V peak to peak into 50 Ω load .

c .

	

Apply 10 ns time markers t hro u g h α coaxial cable to th e
inpu t of th e sam p li n g vertical p l u g-in u nit .

d . CHEC K-Freq uency of t he 10 ns marker sine wave and
amplitud e . Freq uency period 10 ns ('100 MHz) . Amplit ude at
least 0 .5 V pea k to peak .

t-

	

e . ADJU ST-C39 and C43 (F ig . 5-1) sim u ltaneo u sly for
maximum am p lit u de and flatness of t he marker d is p lay . Ad

r-

	

just C47 and L50 for maxim um amp lit ude . Check mod ula-
tion percentage as describe d in step 5f . Mod ulation percent-
age s hou l d not exceed 4% at 20 °C . (Mod ulation percent-
age is α maintena nce c heck and not α specification .)

7 . Check /Adju st 5 ns Marker Ou tpu t

α . Equ i pment set u p is as describe d for ste p s 5 and 6 .

b . Req uirement-5 ns marker period . Am p lit ud e at least
0 .5 V pea k to peak into 50 Ω load .

c. Apply 5 ns time markers to th e in p u t of t he sam pling
vertical p l u g-in u nit.

d. C HECK-Frequency and amp lit ud e of the 5 ns marker .
Freq uency 200 MHz, am p lit u de at least 0.S V pea k to peak
into 50 Ω .

e . ADJUST-C60 ( F ig . 5-6) for maxim um am p lit u de of t he
200 MHz (5 π s) sine-wave d is p lay . C heck intermodulation
percentage as described in step Sf . Intermodulation s ho u ld
not exceed 4% at 20 °C . (Maintenance check only .) If inter-
mod u lation is excessive, ad ju st L50 α slig h t amount for
optim u m flatness .

8 . Check/Adju st 2 ns Marker Outpu t

α . Equ i pment set u p is as d escribed for steps 5 t hrough 7.

b. Requ irement-2 ns marker period . Am p lit u de at least
0.3 V peak to peak into 50 Ω load .

c . Apply 2 ns time-markers from t he MARKER OUTpu t
connector to t he input of α sam p ling vertical plug-in un it.

d. CHECK-Frequency and amp lit ude of 2 ns (500 MHz)
marker sign al . Freq uency 500 MHz, am p lit u de at least 0.3 V
pea k to peak , into 50 Ω load .

e . ADJUST-C66, C72, and C79 ( F ig . 5-6) for maximum
signal am p lit u de . Ad ju st C67, C69, C73 and C75 for optim um
flatness and amplitud e . Ad ju stmen ts C66, C67, C69 and C72
all interact. Do not move these adjustments very far from
th eir original setting . Because of interaction , α n umber of

Pe rformance Check/Calibration-2901

Fig . 5-6 . Location of adjustments fo r mu lti p lie rs .

combinations will prod uce α 500 MHz ou tput signal .

	

Only
one combination, however, provides maximum flat ness and
amplit ude . (It may be necessary to preset t he ca pacito rs as
shown i n F ig . 5-7, to find the optim u m combinatio n .)

Fig . 5-7 . P reset positions for 2 ns (500 MHz) mu ltip lie r calibration
a d ju stments.

5-9
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F ig . 5-β . Equipment set up to ch eck- .1 μs to 5 s MARKER O UT amp lit u d e, MARKER AMPL I F I ER OUTPUT amp litud e, and TR IGGER OUTPUT
amp lit u d e .

9 . Check Marker Outpu t ( .1 μ s to 5 s)

	

and 50 Ω termination to α real time oscilloscope vertical

α . Eq u i pment setup is s hown in Fig . 5-8 .

	

p l u g-in u nit. Set t he vertical deflectio n sensitivity to 0.5 Volts/
Div and the swee p rate of t he time base as per Table 5-1 .

b . R equirement-Marker accu racy depends on crystal oscil-
lator or external clock accuracy . Marke r am p lit ude must
equal or exceed 0.5 V pea k into 50 Ω load .

e . CHECK-Marker cou ntdown accuracy as per Table 5-1 .
Mar k ers period s m u st be dis played at t h e correct interval
thro ug h th e coun tdown range of th e MARKER SELECTO R .

c. Con nect th e TRIGGER OUTpu t for th e 2901 t h ro ug h α

	

f. CHECK-Marker amplit ude . Repeat each step of Tablecoaxial cable to th e External Trigge r Input of t he test oscil-

	

5-1, pu s h ing only one MARKER SELECTOR bu tton at α time .loscope time-base u nit .

	

Amplit ude of markers mu st eq u al or exceed 0 .5 V peak into
d . Connect t he MARKER OUTpu t t h ro u g h α coaxial cable

	

50 Ω load .

NOTES



2901

	

Test Oscilloscope

	

2901

	

Typical
MARKER SELECTOR

	

Ι

	

Time)D ίν

	

TRIGGER SOURCE	Dis play

.1 μ s and .5 μs

	

1

	

.5 μ SEC

.5 μs and 1 μ s

	

1

	

.5 μ SEC

	

I

	

1 μs

1 μτ and 5 μs

	

1

	

1 μSEC

	

I

	

10 μs

5 μ s and 10 μ s

	

1

	

5 μSEC

	

Ι

	

10 μs

10 μs and 50 μs

	

1

	

10 μSEC

	

1

	

.1 ms

50 μ s and .1 ms

	

1

	

50 μSEC

.1 ms and .5 ms

	

Ι

	

.1 mSEC

.5 ms and 1 ms

	

Ι

	

.5 mSEC

1 ms and 5 ms

	

Ι

	

1 mSEC

5 ms and 10 ms

	

Ι

	

5 mSEC

	

Ι

	

10 ms

10 ms and 50 ms

	

Ι

	

10mS EC

	

Ι

	

.1 s

50 ms and .1 s

	

Ι

	

50 mSEC

	

Ι

	

.1 s

.1 s and .5 s

	

Ι

	

.1 SEC

.5 s and 1 s

	

Ι

	

.5 SEC

TABLE 5-1

1 μs

.1 ms

1 ms

1 ms

10 ms

ls

ls

1 s and 5 s

	

1 S EC

	

1 s

Performance Check/Calibration-2901
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10 . Check Marker Amplifier Ou tput

	

d. Set th e vertical d eflection factor (Volts/Div) to 10 . Set
t he sweep rate (Time/Div) to t he settings listed in Table 5-2α . Eq u ipment setup is s hown in Fig . 5-8 .

	

and the triggering to Inter n al .
b . Requirement-Positive a nd negative-going markers with

amplitude that equals o r exceeds 25V pea k into 1 kΩ load
except 1 μ s marker whic h s hou l d equal o r exceed 22V peak
into 1 kΩ load .

ι . Te r mi nate t he OUTPUT of th e Mar ker Amplifie r into
1 kΩ load then apply t he sig n al across t h is termination to t he
inp u t of th e ve rtical p l u g-in u nit as follows :

Attac h α BNC to bin d ing post adapter to the OUTPUT
connector. Connect α 1 kΩ , 1/2 watt resisto r ac ross th e bind -
ing posts of t he adapter . Connect α cli p lead to BNC ad ap -
ter across t h e binding post terminals ( red lea d to red bind ing
post) . Attach α coaxial cable between t h e BN C to cli p lead
adapter a nd the Inp u t of th e vertical p l u g-in un it for t he
test oscillosco pe .

2901
MARKER SELECTOR

1

	

; ιs
5 μs
10 μs
50 μs
.1 ms
.5 ms
1 ms
5 ms
10 ms
50 ms

.5s
ls
5s

TABLE 5-2

Test Oscilloscope
Time/Div

1 ms
1 ms

10 ms

NOTES

c . CHECK-The amplitude of t he MA RKER AMPL I F I ER ou t-
pu t signal for th e ma rk e r selections listed in Table 5-2 wit h
the MARKER SELECTOR in the positive (+) t hen negative (-)
positions . Amplitude must equal o r exceed 25 V peak , into
1 kΩ load excep t t h e 1 /,,s mark er . Am p lit u de of 1 μs marker
mu st e q u al o r exceed 22 V i n to 1 kΩ .

11 . Check Amplit ude of Trigger Ou tput Signal

α . Test eq u i pment setup is s hown in Fig . 5-8 .

b . Requirement-Positive-going p u lses with an am p lit u de
equ al to o r g reater t han 0.5V into 50f2 .

c . Apply t he signal from t h e T RIGGER OUTpu t connector
t hro ugh α coaxial cable and 50Q termination to th e Inp u t
of the vertical plug-in u nit. Set th e vertical sensitivity to
1 Volt/Div .

10 μ s

	

d. CHECK-Trigger timing a nd sig n al am p lit u de as per
10 μ s

	

Table 5-3 .

	

Amplit ude m u st eq u al or exceed 0.5 V pea k .
.1 ms
.1 ms

	

TABLE 5-3

TRIGGER SELECTOR

	

Test Oscilloscope
Time/Div Marks/D ίν

10 ms

	

1 μs

	

1 μ s

	

1
.1 s

	

10 μs

	

10 μs

	

1
.1s

	

.1 ms

	

.1 ms 1
ls

	

l ms

	

I ms

	

1
1 s

	

10 ms

	

10 ms

	

1
ls

	

.1s

	

.1s

	

1
ls

	

ls

	

ls

	

1



ι_

12 . Check External Clock In pu t Operation

	

g. CHECK-That t he marker ou tput freq ue ncy follows the
α . Test equ i pmen t setup is s hown in Fig . 5-9.

	

input cloc k freq ue ncy as the signal generator f r eq uency is
decreased down to 350 kHz .

b. Requirement-An inpu t cloc k signal with an amp lit u d e
of 2 V or more pea k to peak or 2 V peak , to α maximum

	

h.

	

Return

	

the

	

external

	

clock f r equency

	

to

	

10 MHz

	

and
amplit ude of 5 V (DC -F peak AC) will gate the freq u ency

	

dep ress th e 1 ms MARKER SELECTO R pus h b utton .
co un tdown circ u its . Reset level is +50 mV or less. Frequency
range is 50 kHz or less to at least 10 MHz . F req uencies below

	

i .

	

Adjust t he test oscillosco pe Time/Div and triggering for
50 kH z a re usable, p rovided the risetime of the clock pu lse

	

α satisfactory d is p lay .
equals or exceeds 1 V/μ s .

	

j .

	

CHECK-That the countdown ci rc u its follow t he in p u tc . A pp ly t h e o u t pu t of α constant amplit ude sig n al genera-

	

clock frequency as t he signal generator frequency is variedfor t h ro ugh α 50 Ω termi nation, α BNC `Τ ' connector and α

	

between 10 MHz and 350 kHz.

	

(Input clock signal am p lit u decoaxial cable to t he ΕΧΤ CLOCK INPUT connector (on t he

	

must equ al or exceed 2 V peak to peak bu t mu st not exceed
Ί
-

	

back panel) of t he 2901 .

	

Switch the CLOC K switc h to ΕΧΤ

	

5 V (DC -F peak AC) .
position .
d. Connect t he Inp u t for Chann el 1 of the test oscillosco pe

vertical p l u g-in unit to t he open end of th e BNC ` Τ ' con-
nector . T h is will allow th e signal am p lit u de from the signal
generator to be monitored by th e test oscilloscope .
e .

	

Set the sign al generator frequency to 10 ΜΗτ . Adju st

	

Ι .

	

Set the pulse period to 5 μs, the pu lse duration to 2 ρι s,
t h e generator ou tp u t for α signal am p lit u de of 2 V peak to

	

pu lse amp lit ude for 2 volt pea k and risetime for 1 V/ ρι s .
peak on t he test oscilloscope . Switc h the CLOCK selector
for the 2901 to ΕΧΤ p osition . Depress th e .1 μ s MARKER

	

m. CHECK-That t he countdown circ u its follow th e inp u t
S ELECTOR button .

	

pulse repetition rate as t he pulse generato r period is in-
c r eased from 5 Its . (PRF decreases below 250 kHz .) Pu lse rise-f .

	

Apply the MARKER O U Tp υ t signal thro ugh α coaxial

	

time m ust equal o r exceed 1 V/μ s .cable a nd 50 Ω termination to th e second channel of t h e
vertical amplifie r p l u g-in un it . Switch the vertical u nit Mode

	

Th is completes t he performance or calibration check of t he
selector to th is c hann el t hen ad ju st th e vertical sensitivity,

	

2901 . If t h e inst rument has equalled or exceeded all checks
time base sweep rate (Time/Div), and triggering for α trig-

	

it will ope rate with in the characteristics listed in the Specifi-
ge red dis play .

	

cation sectio n .

Α

Performance Check/Calibration-2901

Fig . 5-9 . Equipment set up to c h ec k 2901 cou nt down ope ratio n wit h an external cloc k sig n al app lie d .

k . Remove the signal from the constant amplitude signal
generator a nd apply the positive-going pulse from α pu lse
generator, t hrough α 50Q coaxial cable and 500 te rmina-
tion to t he ΕΧΤ CLOCK INPUT connecto r .

5-1 3
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PARTS LIST ABBREVIATIONS
ΒΗΒ

	

binding head brass

	

int

	

internal

BHS

	

binding head steel

	

Ig

	

length or long

cap .

	

capacitor

	

met.

	

metal

ce r	ceramic

	

mtg hdw

	

mou nting ha rdware

comp

	

composition

	

OD

	

ou tside diameter

cοπη

	

connector

	

ΟΗΒ

	

oval head brass

CRT

	

cathode- ray tube

	

OHS

	

oval head steel

cs k	counters unk

	

Ρ /Ο

	

part of

ΡΗΒ

	

pan head brass
DE

	

double end
PHS

	

pan head steel
dia

	

diameter
plstc

	

plastic
div

	

division
PMC

	

pape r, metal cased
elect .

	

electrolytic poly polystyre ne
EMC

	

elect r olytic, metal cased prec

	

precision
EMT

	

electrolytic, metal tubu lar

	

PT

	

pa pe r , t u b u lar

ext

	

external

	

ΡΤΜ

	

pa per or plastic, t ubu lar, molded

F & Ι

	

focus and i n tensity

	

RHB

	

round head brass

FHB

	

flat head br ass

	

RHS

	

round head steel

FHS

	

flat head steel

	

SE

	

sin gle e nd

F il ΗΒ

	

fillister head brass

	

SN or S/ Ν

	

serial nu mber

F il HS

	

fillister head steel

	

S or SW	switch

h

	

heigh t or hig h	TC

	

temperat u re compensated

hex .

	

hexagonal

	

ΤΗΒ

	

truss head brass

ΗΗΒ

	

hex head brass

	

thk

	

th ick

HHS

	

hex head steel

	

THS

	

truss head steel

HSB

	

hex socket brass

	

tub.

	

tubular

HSS

	

hex soc ket steel

	

va r	va riable

ID

	

inside diameter

	

ω

	

wide or wid th

i n c inca ndescen t

	

WW wire-wound



PARTS ORDER I NG I NFORMATION

R eplacement parts are availa ble from o r th rough your local Tektronix, I n c . Fiel d
Office or representative .

C h anges to Tektro n ix i n str u ments are sometimes made to accommodate im proved
components as they become available, and to give you t h e benefit of t h e latest circu it
im p roveme n ts developed in ou r engineering department . It is t h erefo re im portan t, wh en
ordering parts, to incl ude t he following information in your order : Part n u mber, i n str u men t
typ e or n umber, serial o r model nu mber, and modification n u mber if a p p licable .

If α part you have orde red h as been replaced wit h α new or im proved part, yo u r
local Te k t ronix, Inc . Fiel d Office o r represe n tative will contact you concerning any change
in pa rt n u mber .

SPECIAL N OT ES AN D SYMBOLS

X000

	

P art first add ed at t h is serial n u mber

ΟΟΧ

	

Pa r t removed after t h is serial n umber

*000-0000-00

	

Asteris k preceding Tektronix P art Number ind icates manufact ured by
or for Tektronix, Inc ., o r reworked or c hecked components .

Use 000-0000-00

	

Part number indicated is d irect replacement .
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Title

	

Page No.

CHASSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1
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Val ues are fixed un less ma rked Variable.

Tolerance ±20% un less ot herwise ind icated .

SECTION 6
ELECTRICAL PARTS LIST

Tektronix

	

Serial/Model No.
Ck t . No .

	

Part No .

	

E ff

	

Disc

	

Desc r iption

CHASSIS

Bulbs

DS405

	

150-0035-00

	

Neon, AID Τ2
DS424

	

150-0045-00

	

Incandescent #685

Capacitors

C348

	

290-0177-00

	

1 μF

	

Elect.

	

50 V
C349

	

281-0523-00

	

100 pF

	

Cer

	

350 V
C406

	

283-0044-00

	

0.001 1- F

	

Cer

	

3000 V
C407

	

283-0044-00

	

0.001 μ&

	

Cer

	

3000 V
C430

	

290-0278-00

	

550 pF

	

E lect.

	

50 V

Semiconductor Device, Diode

CR348

	

152-0333-00

	

Silicon

	

H igh speed and conductance

Fuse

F401

	

159-0029-00

	

0.3 Α

	

3 AG

	

Fast-ΒΙο

Connectors

J19

	

131-0955-00

	

Receptacle, electrical, BNC
J320

	

131-0955-00

	

Receptacle, electrical, BNC
J349

	

131-0955-00

	

Receptacle, electrical, BNC
J369

	

131-0955-00

	

Receptacle, electrical, BNC

Transistor

Q424

	

151-0258-00

	

Silicon

	

ΡΝΡ

	

TO-3 2Ν4905

2901
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Tole rance ±20% unless otherwise indicated.

6-2

Wired or Unwired

CHASSIS (cont)

Tektronix

	

Serial/Model No .
Ckt. No.

	

Part No.

	

Eff

	

Disc

	

Description

Resisto rs

R esistors are fixed, composition, ±10% unless otherwise i ndicated .

R346

	

315-0270-00

	

ΧΒΟ20000

	

27 Ω

	

1/4W

	

5%
R349

	

315-0101-00

	

13010100

	

Β019999

	

100 Ω

	

1/4 W

	

5%
R349

	

315-0680-00

	

Β020000

	

68 Ω

	

'/4W

	

5
R406

	

315-0105-00

	

1 ΜΩ

	

1/4 W

	

5
R407

	

315-0105-00

	

1 ΜΩ

	

1/4 W

	

5%

R409

	

315-0104-00

	

100 kΩ

	

W

	

5%
R458

	

302-0472-00

	

ΧΒ040000

	

4.7 Ω

	

ΥΖ W

Switches

S19

	

260-0447-00

	

Slide

	

CLOCK
S340

	

260-0726-00

	

Lever

	

MARKER AMPLI FIER
S401

	

260-0613-00

	

Toggle

	

POWER ON
S403

	

260-0747-00

	

Slide

	

L INE VOLTAGE

Transformer

Τ403

	

*120-0645-00

	

Power

Crystal

Υ8

	

158-0023-01

	

10MC, assembly

DIVIDER Circuit Board Assembly

*670-0314-00

	

Β010100 Β010124

	

Complete Board
*670-0314-01

	

Β010125 Β039999

	

Complete Board
*670-0314-02

	

Β040000

	

Complete Board

Capacitors

C202

	

283-0051-00

	

0.0033 μF

	

Cer

	

100V

	

5%
C212

	

283-0003-00

	

0.01 μF

	

Cer

	

150 V
C222

	

283-0092-00

	

0.03 μF

	

Cer

	

200 V

	

+80%-20%
C232

	

283-0081-00

	

0.1 μF

	

Cer

	

25 V

	

+80 0/. -20
C242

	

290-0288-00

	

0.27 μF

	

Elect.

	

35V

	

10%

C252

	

290-0245-00

	

1 .5 μF

	

Elect.

	

10V

	

10%
C262

	

290-0246-00

	

3.3 μF

	

Elect.

	

15V

	

10%
C272

	

290-0135-00

	

15 μF

	

Elect .

	

20 V
C282

	

290-0297-00

	

39 μF

	

Elect .

	

10V

	

10%
C292

	

290-0248-01

	

150 μF

	

Elect.

	

15V



Tektro nix

	

Serial/Model No.
Ckt . No .

	

Part No.

	

Eff

	

Disc

	

Description

C321

	

283-0178-00

	

0.1 μ F

	

Cer

	

100 V

	

+80%-20%
C323

	

281-0628-00

	

15 pF

	

Cer

	

600 V

	

5%
C332

	

283-0178-00

	

0.1 1- F

	

Cer

	

100 V

	

+80%-20%
C338

	

281-0511-00

	

22 pF

	

Cer

	

500 V

	

10%
C347

	

283-0003-00

	

0.01 μ &

	

Cer

	

150V

C366

	

283-0177-00

	

1 μ F

	

Cer

	

25 V

	

+80%-20%
C411

	

290-0440-00

	

5200 μ F

	

Elect .

	

1O V

	

+751/. -10%
C426

	

290-0134-00

	

22 μ F

	

Elect .

	

15 V

	

+20%-0%
C453

	

290-0175-00

	

10 μ&

	

Elect.

	

35 V

CR325

	

152-0141-02

	

Silico n	1 Ν4152
CR329

	

152-0333-00

	

Silicon

	

High speed and conductance
CR411 Α , Β , C, D

	

152-0199-00

	

R ectifier b ridge

	

MDA962-3
CR430A, Β , C, D

	

*152-0107-00

	

Silico n

	

Replacea ble by 1 Ν647

CR432

	

152-0141-02

	

Silico n	1 Ν4152
VR432

	

152-0149-00

	

Zener

	

1 Ν961 Β

	

0.4 W, 10 V, 5%
C R436

	

152-0141-02

	

Silicon

	

1 Ν4152

L321

	

*108-0368-00

	

10 jι. Η

Q204

	

151-0190-00

	

Silicon

	

ΝΡΝ

	

TO-92 21\13904
Q214

	

151-0190-00

	

Silicon

	

ΝΡΝ

	

TO-92 2Ν3904
Q224

	

151-0190-00

	

Silicon

	

ΝΡΝ

	

TO-92 21\13904
Q234

	

151-0190-00

	

Silicon

	

ΝΡΝ

	

TO-92 21\13904
Q244

	

151-0190-00

	

Silicon

	

ΝΡΝ

	

TO-92 21\13904

Q254

	

151-0190-00

	

Silico n

	

ΝΡΝ

	

TO-92 21\13904
Q264

	

151-0190-00

	

Silicon

	

ΝΡΝ

	

TO-92 2Ν3904
Q274

	

151-0190-00

	

Silicon

	

ΝΡΝ

	

TO-92 2Ν3904
Q284

	

151-0190-00

	

Silicon

	

ΝΡΝ

	

TO-92 2Ν3904
Q294

	

151-0190-00

	

Silico n

	

ΝΡΝ

	

TO-92 21\13904

Q330

	

151-0190-00

	

Silico n

	

ΝΡΝ

	

TO-92 21\1 3904
Q340

	

151-0188-00

	

Silicon

	

ΡΝΡ

	

TO-92 21\13906
Q345

	

151-0179-00

	

Silico n

	

ΝΡΝ

	

TO-1 8

	

2Ν3877Α
Q347

	

151-0188-00

	

Silico n

	

ΡΝΡ

	

TO-92 2Ν3906
Q366

	

151-0190-00

	

Silico n

	

ΝΡΝ

	

TO-92 21\13904

DIVIDER Circuit Board Assembly (cont)

Capacitors (cont)

Semiconductor Device, Diodes

Inductor

Transistors

Electrical Parts List-2901
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Elect rical Pa rts Lίst-2901

DIVIDER Circuit Board Assembly (cont)

Te ktronix

	

Se rial/Model No .
Ckt . No .

	

Part No .

	

Eff

	

Disc

	

Desc ri ption

Transistors (cont)

Q413

	

151-0190-00

	

Silicon

	

ΝΡΝ

	

TO-92 2Ν3904
Q417

	

151-0190-00

	

Silicon

	

ΝΡΝ

	

TO-92 2Ν3904
Q422

	

151-0164-00

	

Silicon

	

ΡΝΡ TO-5 2Ν3702
Q436

	

151-0190-00

	

Silicon

	

ΝΡΝ

	

TO-92 2Ν3904
Q439

	

151-0190-00

	

Silicon

	

ΝΡΝ

	

TO-92 2Ν3904
Q458

	

151-0208-00

	

Silicon

	

ΡΝΡ TO-5 2Ν4036

Resistors

Resisto rs a re fixed , comp osition, ±10% un less otherwise indicated .

R202

	

315-0123-00

	

12 kΩ

	

'/4 W

	

5%
R203

	

315-0222-00

	

2.2 kΩ

	

'/4 W

	

5
R205

	

315-0221-00

	

220 Ω

	

'/4 W

	

5
R212

	

315-0123-00

	

12 kΩ

	

'/4W

	

5%
R213

	

315-0222-00

	

2.2 kΩ

	

'/4 W

	

5%

R215

	

315-0221-00

	

220 Ω

	

'/4 W

	

5

R222

	

315-0123-00

	

12 kΩ

	

'/4 W

	

5%
R223

	

315-0222-00

	

2.2 kΩ

	

'/4W

	

5%
R225

	

315-0221-00

	

220 Ω

	

'/4 W

	

5%
R232

	

315-0123-00

	

12 kΩ

	

'/4 W

	

5%

R233

	

315-0222-00

	

2.2 kΩ

	

'/4W

	

5%
R235

	

315-0221-00

	

220 Ω

	

'/4W

	

5%
R242

	

315-0123-00

	

12 kΩ

	

'/4 W

	

5%
R243

	

315-0222-00

	

2.2 kΩ

	

'/4 W

	

5%
R245

	

315-0221-00

	

220 Ω

	

'/4 W

	

5%

R252

	

315-0123-00

	

12 kΩ

	

'/4 W

	

5%
R253

	

315-0222-00

	

2.2 kΩ

	

74W

	

5%
R255

	

315-0221-00

	

220 Ω

	

'/4W

	

5%
R262

	

315-0123-00

	

12 kΩ

	

'/4 W

	

5%
R263

	

315-0222-00

	

2.2 kΩ

	

'/4W

	

5

R265

	

315-0221-00

	

220 Ω

	

'/4 W

	

5%
R272

	

315-0123-00

	

12 kΩ

	

'/4W

	

5%
R273

	

315-0222-00

	

2.2 kΩ

	

'/4 W

	

5%
R275

	

315-0221-00

	

220 Ω

	

'/4 W

	

5%
R282

	

315-0123-00

	

12 kΩ

	

'/4 W

	

5%

R283

	

315-0222-00

	

2.2 kΩ

	

'/4 W

	

5%
R285

	

315-0221-00

	

2200

	

'/4W

	

5%
R292

	

315-0123-00

	

12 kΩ

	

'/4 W

	

5%
R293

	

315-0222-00

	

2.2 kΩ

	

'/4 W

	

5%
R295

	

315-0221-00

	

220 Ω

	

'/4 W

	

5%

R323

	

315-0221-00

	

2209

	

'/4W

	

5%
R325

	

315-0473-00

	

47 kΩ

	

'/4 W

	

5%
R327

	

315-0511-00

	

510 Ω

	

'/4 W

	

5%
R328

	

315-0222-00

	

2.2 kΩ

	

'/4 W

	

5%
R330

	

315-0272-00

	

2.7 kΩ

	

'/4W

	

5%



Te ktronix

	

Se rial/Model No.
Ckt . No .

	

Part No.

	

Eff

	

Disc

	

Description

R337

	

315-0273-00

	

27 kΩ

	

'/4W

	

5%
R338

	

315=0222-00

	

2.2 kΩ

	

'/4W

	

5%
R342

	

316-0152-00

	

1 .5 kΩ

	

W

	

5%
R347

	

315-0101-00

	

13010100

	

Β010124

	

100 Ω

	

W

	

5%
R347

	

315-0330-00

	

13010125

	

33 Ω

	

'/4W

	

5%
R362

	

315-0221-00

	

220 Ω

	

'/4W

	

5 %

R364

	

315-0102-00

	

100 Ω

	

'/4W

	

5%
R366

	

315-0220-00

	

229

	

'/4 W

	

5
R368

	

315-0221-00

	

220Ω

	

'/, W

	

WW
R411

	

308-0499-00

	

0.50

	

2 '/2 W

	

5%
R413

	

315-0103-00

	

10 kΩ

	

'/4W

	

5%

R415

	

315-0103-00

	

10 kΩ

	

'/4 W

	

5%
R418

	

315-0102-00

	

1000

	

'/4W

	

5
R419

	

315-0153-00

	

15 kΩ

	

'/4 W

	

5 %
R421

	

321-0216-00

	

1 .74 kΩ

	

'/θ W

	

Prec

	

1
R424

	

315-0680-00

	

680

	

'/4W

	

5

R430

	

315-0100-00

	

10Q

	

'/4 W

	

5%
R434

	

315-0103-00

	

10 kΩ

	

'/4W

	

5%
R436

	

315-0222-00

	

2.2 kΩ

	

'/4W

	

5
R438

	

315-0103-00

	

10 kΩ

	

'/4W

	

5 %
R450

	

315-0202-00

	

2 kΩ

	

'/4W

	

5%

R451

	

311-0704-00

	

500 92, Var
R452

	

315-0392-00

	

3.9 kΩ

	

'/4 W

	

5%
R455

	

315-0153-00

	

15 kΩ

	

'/4 W

	

5%
R457

	

315-0224-00

	

13010100

	

Β039999Χ

	

220 kΩ

	

'/4W

	

5%

S300B	260-1110-00

	

Pushbutton

	

MARKER SELECTOR (lower)
5360

	

260-1109-00

	

Push button

	

TRIGGER SELECTOR

U200

	

156-0044-00

	

Dual J- Κ F lip-flop

	

Replaceable by Motorola MC890 P
U202

	

156-0021-00

	

Hex ίπν

	

Replaceable by Motorola MC889P
U210

	

156-0059-00

	

Dual 1-Κ F lip-flop

	

Replaceable by Moto rola MC891 P
U212

	

155-0021-00

	

Hex ίπν

	

Replaceable by Motorola MC889 P
U220

	

156-0044-00

	

Dual 1-Κ F lip-flop

	

Replaceable by Motorola MC890 P

U230

	

156-0059-00

	

Dual J -Κ Flip-flop

	

Replaceable by Motorola MCB91 Ρ
U240

	

156-0044-00

	

Dual J-Κ Flip-flop

	

Replaceable by Motorola MC890 P
U250

	

156-0059-00

	

Dual J -Κ Flip-flop

	

Replaceable by Motorola MC891 P
U260

	

156-0044-00

	

Dual J-Κ Flip-flop

	

Replaceable by Motorola MCB90 P
U270

	

156-0059-00

	

Dual J-Κ Flip-flop

	

Replaceable by Moto rola MC891 P

Wired or Unwired

DIVIDER Circuit Board Assembly (cont)

Resisto rs (cont)

Switches

Integrated Circuits

Electrical Parts List-2901
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Elect rical Parts List-2901

Tektronix

	

Serial/Model No.
Ckt . No .

	

Part No.

	

Eff

	

Disc

	

Description

U280

	

156-0044-00

	

Dual J-Κ F lip-flop

	

Replaceable by Moto rola MCB90P
U290

	

156-0044-00

	

Dual J-Κ Flip-flop

	

Replaceable by Motorola MC890P

Tolerance ±20% unless ot herwise ind icated .

DIVIDER Circuit Board Assembly (cont)

Integ rated Ci rcuits ( εοπ t)

MULTIPLIER Circuit Board Assembly

*670-0315-00

	

Β010100 Β010124

	

Complete Board
*670-0315-01

	

Β010125 Β029999

	

Com plete Board
*670-0315-02

	

Β030000 Β039999

	

Complete Board
*670-0315-03

	

Β040000

	

Complete Board

Capacitors

C 1

	

283-0067-00

	

0.001 μF

	

Ce r

	

200 V

	

10%
C4

	

283-0003-00

	

Β010100

	

Β039999

	

0.01 μF

	

Ce r

	

150 V
C4

	

283-0177-00

	

Β040000

	

1 μF

	

Ce r

	

25V

	

+80%-20%
C6

	

283-0644-00

	

150 pF

	

Mica

	

500 V

	

1
C8

	

281-0092-00

	

13010100

	

Β039999

	

9-35 pF, Va r	Ce r

C8

	

281-0166-00

	

Β040000

	

1 .9-15.7 pF, Vor

	

Air

	

250 V
C9

	

283-0663-00

	

ΧΒ040000

	

16.8 μF

	

Mica

	

500 V

	

-±-0.5 pF
C10

	

283-0620-00

	

470 pF

	

Mica

	

300 V

	

1
C13

	

283-0003-00

	

0.01 μF

	

Cer-

	

150 V
C14

	

283-0644-00

	

150 pF

	

Mica

	

500 V

	

1

C16

	

283-0003-00

	

0.01 μF

	

Ce r

	

150 V
C17

	

283-0620-00

	

470 pF

	

Mica

	

300 V

	

1
C19

	

283-0178-00

	

0.1 μF

	

Cer

	

100 ν

	

+80%-20%
C21

	

283-0546-00

	

330 pF

	

Ce r

	

500 V

	

10%
C23

	

283-0003-00

	

0.01 μF

	

Cer

	

150 V

C25

	

281-0536-00

	

1000 pF

	

Cer

	

500 V

	

10%
C26

	

283-0003-00

	

0.01 μF

	

Ce r

	

150 V
C28

	

283-0003-00

	

0.01 μF

	

Ce r

	

150 V
C29

	

281-0546-00

	

330 pF

	

Ce r

	

500 V

	

10%
C30

	

281-0536-00

	

1000 pF

	

Ce r

	

500 V

	

10%

C33

	

283-0003-00

	

0.01 μF

	

Ce r

	

150 V
C35

	

281-0523-00

	

100 pF

	

Ce r

	

350 V
C37

	

281-0523-00

	

100 pF

	

Cer

	

350 V
C39

	

281-0093-00

	

5.5-18 pF, Vor

	

Cer
C41

	

283-0003-00

	

0.01 μF

	

Cer

	

150 V

C43

	

281-0093-00

	

5.5 -18 p F, Vor

	

Cer
C44

	

281-0613-00

	

10 p F

	

Ce r

	

200 V

	

10%
C45

	

283-0003-00

	

0.01 μF

	

Ce r

	

150 V
C46

	

281-0613-00

	

10 ρF

	

Ce r

	

200 V

	

10%
C47

	

281-0091-00

	

2-8 pF, Vo r	Ce r

C50

	

283-0003-00

	

0.01 μF

	

Ce r

	

150 V
C51

	

281-0513-00

	

27 pF

	

Cer

	

500 V
C52

	

281-0549-00

	

68 pF

	

Cer

	

500 V

	

10%
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MULTIPL I ER Circu it Board Assembly (cont)

Tektronix

	

Serial/Mo del No .
Ckt . No .

	

Part No .

	

Eff

	

Disc

	

Descri ption

Capacitors

	

(cont )

C56

	

283-0003-00

	

0.01 1.ι F	Cer

	

150 V
C60

	

281-0091-00

	

2-8 pF, Var

	

Cer
C61

	

281-0629-00

	

33 pF

	

Cer

	

600 V

	

5%
C62

	

283-0003-00

	

0.01 1_ι F	Cer

	

150 V
C64

	

281-0628-00

	

15 pF

	

Cer

	

600 V

	

5%

C65

	

281-0523-00

	

100 p F

	

Cer

	

350 V
C66

	

281-0091-00

	

2-8 pF, Var

	

Cer
C67

	

281-0091-00

	

2-8 pF, Var

	

Cer
C68

	

281-0500-00

	

2.2 pF

	

Cer

	

500 V

	

-0.5 pF
C69

	

281-0091-00

	

2-8 pF, Var

	

Cer

C72

	

281-0091-00

	

2-8 pF, Var

	

Cer
C73

	

281-0092-00

	

9-35 pF, Var

	

Cer
C75

	

281-0092-00

	

9-35 pF, Var

	

Cer
C76

	

281-0529-00

	

1 .5 pF

	

Cer

	

500 V

	

±0.25 ρ
C79

	

281-0027-00

	

0.7-3 pF, Var

	

Tub .

C90

	

283-0177-00

	

1 μ, F

	

Cer

	

25 V

	

+80%-20%
C106

	

283-0177-00

	

ΧΒ010125

	

1 'IF

	

Cer

	

25 V

	

+80%-20%
Ci 11

	

281-0629-00

	

33 pF

	

Cer

	

600 V

	

5%
C130

	

281-0524-00

	

150 pF

	

Cer

	

500 V
C135

	

281-0518-00

	

47 pF

	

Cer

	

500 V
C143

	

283-0178-00

	

0.1 I ι F

	

Cer

	

100 V

	

+80%-20%

C154

	

281-0523-00

	

100 pF

	

Cer

	

350 V
C165

	

281-0524-00

	

150 pF

	

Cer

	

500 V
C175

	

281-0546-00

	

330 pF

	

Cer

	

500 V

	

10%
C185

	

283-0114-00

	

0.0015 uF

	

Cer

	

200 V

	

5 ίό
C409

	

283-0044-00

	

0.001 ;.ι F

	

Cer

	

3000 V

Semiconductor Device, Diodes

CR 1

	

152-0141-02

	

Silicon

	

1 Ν4152
CR71

	

152-0230-00

	

Variable capacity 6 .8 p F
CR334

	

152-0141-02

	

Silicon

	

I N4152

Inducto r s

L5

	

*114-0220-00

	

1-3 ΙιΗ , Var

	

Core 276-0568-00
L13

	

*114-0220-00

	

1-3 IM, Var

	

Core 276-0568-00
L28

	

*114-0295-00

	

1301 0100

	

Β039999

	

0.3-0.55 ιιΗ , Var

	

Core 276-0582-00
L28

	

*114-0307-00

	

Β040000

	

220-400 ηΗ

	

Core 276-0582-00
L47

	

*108-0347-00

	

0.12 ιιΗ
L50

	

*114-0294-00

	

98-150 ηΗ

	

Co re 276-0582-00

L66

	

*108-0300-00

	

0.2 pH
L67

	

*108-0347-00

	

0.12'.ι Η
L69

	

*108-0347-00

	

0.12 ;ιΗ
L72

	

*108-0301-00

	

0.025 ΙιΗ
L75

	

*108-0301-00

	

0.025 ΗιΗ
L791

'P art of Mu ltiplier Circuit Board.
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Electrical Pa rts List-2901

MULTIPL IER Circuit Board Assembly (cont)

Te ktronix

	

Serial/Model No.
Ck t . No.

	

Part No.

	

Eff

	

Disc

	

Desc r iption

Transistors
Q5	151-0225-00

	

Silicon

	

ΝΡΝ

	

TO-1 8

	

2Ν3563
Q13

	

*151-0198-00

	

13010100

	

Β039999

	

Silico n

	

ΝΡΝ TO-92 Replaceable by MPS 918
Q13

	

151-0333-00

	

Β040000

	

Silico n

	

ΝΡΝ TO-92 Selected from MPS 918
Q25

	

*151-0198-00

	

13010100

	

Β039999

	

Silicon

	

ΝΡΝ TO-92 Replaceable by MPS 918
Q25

	

151-0333-00

	

Β040000

	

Silicon

	

ΝΡΝ TO-92 Selected from MPS 918

Q27

	

*151-0198-00

	

1301 0100

	

Β039999

	

Silico n

	

ΝΡΝ TO-92 Replaceable by MPS 918
Q27

	

151-0333-00

	

Β040000

	

Silicon

	

ΝΡΝ TO-92 Selected f rom MPS 918
Q35

	

*151-0269-00

	

Silicon

	

ΝΡΝ TO-106 Selected f rom SE 3005
Ο37

	

*151-0269-00

	

Silicon

	

ΝΡΝ TO-106 Selecte d from SE 3005
Q50

	

*151-0198-00

	

Β010100

	

Β039999

	

Silicon

	

ΝΡΝ TO-92 Replacea b le by MPS 918

Q50

	

151-0333-00

	

Β040000

	

Silicon

	

ΝΡΝ TO-92 Selecte d from MPS 918
Q57

	

*151-0198-00

	

13010100

	

Β039999

	

Silicon

	

ΝΡΝ TO-92 R eplaceable by MPS 918
Q57

	

151-0333-00

	

Β040000

	

` Silico n

	

ΝΡΝ TO-92 Selecte d from MP S 918
Q59

	

*151-0198-00

	

13010100

	

Β039999

	

Silico n

	

ΝΡΝ TO-92 Replaceable by MP S 918
Q59

	

151-0333-00

	

Β040000

	

Silicon

	

ΝΡΝ TO-92 Selected f rom MPS 918

Q75

	

*151-0269-00

	

Silicon

	

ΝΡΝ TO-106 Selected f rom SE 3005
Q106

	

151-0190-00

	

Silico n

	

ΝΡΝ TO-92 2Ν3904
Q116

	

151-0190-00

	

Silico n

	

ΝΡΝ TO-92 2 1\1 3904
Q138

	

151-0190-00

	

Silicon

	

ΝΡΝ TO-92 2Ν3904
Q145

	

151-0190-00

	

Silicon

	

ΝΡΝ TO-92 2Ν3904

Q158

	

151-0190-00

	

Silicon

	

ΝΡΝ TO-92 2Ν3904
Q168

	

151-0190-00

	

Silicon

	

ΝΡΝ TO-92 2 1\13904
Q178

	

151-0190-00

	

Silicon

	

ΝΡΝ TO-92 2 1\13904
Q188

	

151-0190-00

	

Silicon

	

ΝΡΝ TO-92 2Ν3904
4312

	

151-0190-00

	

Silicon

	

ΝΡΝ TO-92 2 1\13904
Q317

	

151-0188-00

	

Silicon

	

ΡΝΡ TO-92 2 1\1 3906

Resisto rs

R esisto rs a re fi xed, com position , ±10% unless ot he rwise ind icated .

R 1

	

315-0222-00

	

2.2 kΩ

	

1/4W

	

5%
R3

	

315-0682-00

	

6.8 kΩ

	

1/4W

	

5%
R4

	

315-0511-00

	

510 Ω

	

1/4W

	

5
R8

	

315-0471-00

	

470 Ω

	

1/4W

	

5%
R10

	

315-0221-00

	

220 Ω

	

1 /4 W

	

5%

R 11

	

315-0102-00

	

1 kΩ

	

'/4 W

	

5%
R13

	

315-0220-00

	

22 Ω

	

1/4 W

	

5%
R16

	

315-0270-00

	

27 Ω

	

74 W

	

5
R19

	

303-0510-00

	

51 Ω

	

1 W

	

5%
R 21

	

315-0100-00

	

10Q

	

1/4W

	

5%

R22

	

315-0272-00

	

2.7 kΩ

	

1/4W

	

5%
R23

	

315-0471-00

	

470 Ω

	

1/4 W

	

5
R25

	

311-0643-00

	

50 Ω , V a r

	

5%
R26

	

315-0220-00

	

22 Ω

	

1/4 W

	

5%
R28

	

315-0100-00

	

10 Ω

	

1/4W

	

5%

R32

	

315-0362-00

	

3.6 kΩ

	

1/4 W

	

5%
R33

	

315-0101-00

	

100 Ω

	

1/4W

	

5
R35

	

315-0100-00

	

ion

	

1/4 W

	

5%
R37

	

315-0100-00

	

ion

	

1 /4 W

	

5%
R41

	

315-0220-00

	

22 Ω

	

1/4W

	

5%
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MULTIPL IER Ci rcuit Board Assembly (con t)

Tektronix

	

Serial/Model No .
C k t . No .

	

Part No .

	

E ff

	

Disc

	

Description

Resisto rs (cont)

Electrical Parts List-2901

R45

	

315-0100-00

	

IOU

	

'/α ω

	

5
R48

	

315-0473-00

	

47 42

	

1/4 W

	

5
R50

	

315-0220-00

	

220

	

'/α ω

	

5
R53

	

315-0100-00

	

10 Ω

	

1/4 W

	

5%
R54

	

317-0510-00

	

Β010100

	

Β039999

	

510

	

'/Θ ω

	

5%
R54

	

315-0510-00

	

8040000

	

51 Ω

	

1/4 W

	

5%

R55

	

315-0472-00

	

4.7 kΩ

	

1/4 W

	

5%
R56

	

315-0391-00

	

390 Ω

	

1/4 W

	

5%
R58

	

315-0220-00

	

22 Ω

	

'/4W

	

5
R62

	

315-0100-00

	

1O Q

	

1/4 W

	

5%
R70

	

315-0105-00

	

1 ΜΩ

	

1/α W

	

5 °%

R73

	

315-0303-00

	

30 kΩ

	

1/4 W

	

5%
R74

	

317-0100-00

	

Β010100

	

Β039999

	

10 Ω

	

'/Θ ω

	

5
R74

	

315-0100-00

	

Β040000

	

10 Ω

	

1/4 W

	

5%
R75

	

315-0510-00

	

51 Ω

	

1/α W

	

5%
R77

	

315-0150-00

	

15 9

	

1/4 W

	

5
R 101

	

315-0332-00

	

3.3 kΩ

	

1/4W

	

5%

R102

	

315-0102-00

	

1 kΩ

	

'/4W

	

5%
R105

	

315-0122-00

	

1,2 kΩ

	

1/4 W

	

5°%
R1 08

	

315-0151-00

	

150 Ω

	

1/4W

	

5 %
R111

	

315-0681-00

	

680 Ω

	

1/4 W

	

5°%
R113

	

315-0102-00

	

1 kΩ

	

1/4 W

	

5%

R 1 14

	

315-0122-00

	

1 .2 kΩ

	

1/4W

	

5%
R117

	

315-0102-00

	

1 kΩ

	

1/4 W

	

5°%
R1 19

	

315-0151-00

	

150 Ω

	

1/4W

	

5%
R133

	

315-0681-00

	

680 Ω

	

1/4 W

	

5 °%
R 136

	

315-0152-00

	

1 .5 kΩ

	

1/4 W

	

5%

R137

	

315-0102-00

	

1 kΩ

	

1/4 W

	

5%
R1 39

	

315-0181-00

	

180 92

	

1/4W

	

5°%
R143

	

315-0272-00

	

2.7 kΩ

	

1/4 W

	

5%
R144

	

315-0182-00

	

1 .8 kΩ

	

1/4W

	

5%
R148

	

315-0151-00

	

150 Ω

	

1/4 W

	

5 °%

R153

	

315-0681-00

	

680 Ω

	

1/4W

	

5
R155

	

315-0272-00

	

2.7 kΩ

	

1/4 W

	

5%
R156

	

315-0102-00

	

1 kΩ

	

1/4W

	

5
R1 59

	

315-0181-00

	

180 Ω

	

1/4 W

	

5°%
R165

	

315-0123-00

	

12 kΩ

	

1/4 W

	

5%

R166

	

315-0222-00

	

2.2 kΩ

	

1/4 W

	

5%
R1 69

	

315-0181-00

	

180 Ω

	

1/4W

	

5 °%
R1 75

	

315-0123-00

	

12 kΩ

	

1/4 W

	

5%
R 176

	

315-0222-00

	

2.2 kΩ

	

1/4W

	

5%
R179

	

315-0221-00

	

220 Ω

	

1/4 W

	

5%
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Electr ical Parts List-2901

MULTIPLIER Circuit Board Assembly (cont)

Tek t ronix

	

Serial/Model No.
C k t . No .

	

Part No.

	

E ff

	

Disc

	

Description

Resisto rs

	

(cont )

R185

	

315-0123-00

	

12 kΩ

	

1/α W

	

5°%
R186

	

315-0222-00

	

2.2 kΩ

	

1/α W

	

5%
R189

	

315-0221-00

	

220 Ω

	

1/α W

	

5%
R310

	

315-0511-00

	

510 Ω

	

1/α W

	

5
R312

	

315-0202-00

	

2 kin

	

1/α W

	

5%

R314

	

315-0221-00

	

220 Ω

	

1/α W

	

5°%
R316

	

315-0151-00

	

150 Ω

	

1/α W

	

5%
R319

	

315-0220-00

	

22-(2

	

1/α W
R334

	

315-0123-00

	

12 kΩ

	

1/α W
R335

	

315-0123-00

	

12 kΩ

	

1/α W

Switch

S300A

	

260-1111-00

	

Pushbutton

	

MARKER S ELECTOR ( u pp er)

Transformers

Τ22

	

*120-0194-01

	

Toroid , 4 tur ns, trifilar
Τ32

	

*120-0194-01

	

Toroid , 4 t u rns, trifilar
Τ45

	

*120-0646-00

	

H igh frequency, 10O MHz
Τ55

	

*120-0310-00

	

Toroi d , 3 t u rns, trifilar
Τ62Α

	

*108-0571-00

	

62 ηΗ
Τ62Β

	

*108-0572-00

	

42 ηΗ

Integrated Circuits

U101

	

156-0021-00

	

Hex i nv

	

Replaceable by Moto r ola MC889P
U 110

	

156-0021-00

	

Hex i nv

	

Replaceable by Moto rola MC889P
U 120

	

*156-0044-01

	

Dual J -Κ F li p-flop

	

Replaceable by Moto rola MC890P ,
c heck ed

U 125

	

156-0020-00

	

Quad 2 i np u t gate

	

Replaceable by Motorola MC824P
U 130

	

156-0021-00

	

Hex in v

	

Replaceable by Motorola MC889P

U 140

	

*156-0044-01

	

Dual J -Κ F li p -flop

	

Replaceable by Motorola MC890P,
c heck ed

0160

	

156-0044-00

	

Dual J -Κ F li p -flop

	

Rep laceable by Motorola MC890P
U 165

	

156-0044-00

	

Dual J -Κ F li p -flop

	

Replaceable by Motorola MC890P
U180

	

156-0044-00

	

Dual J -Κ F li p -flop

	

Rep laceable by Motorola MC890P
U 185

	

156-0044-00

	

Dual J -Κ F li p-flo p

	

Replaceable by Motorola MC890P



SECTION 7
DIAGRAMS

AND
MECHANICAL PARTS ILLUSTRATIONS

The following special symbols are used on the diagrams :

ο
FA i6l

Screwd river ad justment

Front or rear-panel control or con-
nector.

Refers to th e in d icated diagram.

Connection sold ered to circuit board .

Blue line encloses components located
on circ uit board .

TIME MARK GENERATOR 2901

WAVEFORM CONDITIONS

Waveforms sh own on th e diagrams are actual waveform ph otograph s
ta ken with α Tektronix Trace Recording Camera equipped wit h α pro-
jected graticule . Voltages an d waveforms on the sch ematic (sh own
in bl ue) are not absolute an d can vary between instru ments. Differ-
ences between voltage levels measu red and t hose s hown on the wave-
forms may be d ue to circuit loading of t he measu ring device .

The waveforms were obtain ed using α sampling system (Type 545Β
with 1S1) for th e multiplier schematic and α real time system with stor-
age (Type 549 wit h 1 Α 1) for the divider ci rcuits .

The MARKER OUTPUT connector was terminated into 50Q load. T he
Volts/Div and Time/Div settings of t he test oscilloscope are noted on
each waveform.
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In dex Te ktronix

	

Serial/Model No.

	

t
No . Part No.

	

Eff

	

Disc

	

y

	

1 2 3 4 5

2-

	

065-0134-00

	

1

	

CARTO N ASSEMBLY
- - - - - -

	

-

	

assembly includes :
-1 004-0682-00

	

1 CARTO N
-2

	

004-1072-00

	

1

	

PAD SET

2901 TIME MARK GENERATO R

CARTON ASSEMBLY
(Pa rt No . 065-0134-00)

ι ι

Description



FIGURE AND INDEX NUMBERS

Items in this section are referenced by figure and index numbers to the illustrations which
appear either on the back of the d iagrams or on pullout pages immediately following the
diagrams of the instruction manual .

INDENTATION SYSTEM

This mechanical parts list is in dented to in dicate item relationships . Following is an
example of the indentation system used in the Description column .

Assembly and/or Component
Detail Pa r t of Assembly and/or Component
mounting hardware for Detail Pa r t
Parts of Detail Part
mounting hardware for Parts of Detail Part

mounting hardware fo r Assembly andlor Component

Mounting hardware always appears in the same indentation as the item it mounts,
while the detail parts are indented to the right. Indented items are part of, and included
with, the next higher indentation.

Mounting hardware must be purchased separately, unless otherwise specified .

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix, Inc . Fiel d Office
or representative .

Changes to Tektronix instruments are sometimes made to accommodate improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following information in your order: P art number, instru-
ment type or number, serial or model number, and mod ification number if applicable .

If α part you have ordered has been replaced with α new or improved part, your
local Tektronix, Inc . F ield Office or representative will contact you concerning any change
in part number .

Change information, if any, is locate d at the rear of this manual .

ABBREVIATIONS AND SYMBOLS

For an explanation of the abbreviations and symbols used in this section, please refer
to the page immediately preceding the Electrical Parts List in this instruction manual .



INDEX OF MECHANICAL &

REPACKAGING PARTS ILLUSTRATIONS

Title

	

Location (reverse side of)
Figure 1 Exploded & Standard Accessories . . . . . . . . Marker Amplifier & Selector

Switching Diagram

Figure 2 Repackaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . Power Supply Diagram



SECTION 8
MECHANICAL PARTS LIST

FIGURE 1 EXPLODED

Fig . &

	

Q
Index Tekt ronix

	

Se rial/Model No.

	

t
No. Part No .

	

Eff

	

Disc

	

Υ ι z s 4 s
Description

1-1

	

670-0315-00

	

B01 0100

	

Β010124

	

1

	

CIRCU IT BOARD ASSEMBLY-MULTIPL IER
670-0315-01

	

Β010125

	

Β029999

	

1

	

CI RCU IT BOARD ASSEMBLY-MULTIPL IER
670-0315-02

	

Β030000

	

8039999

	

1

	

CIRCUIT BOARD ASSEMBLY-MULTI PL I ER
670-0315-03

	

Β040000

	

1

	

CIRCUIT BOARD ASSEMBLY-MULTI PL I ER
- - - - - -

	

-

	

ci rcuit boa rd assembly includes-
388-1415-00

	

Β010100

	

Β010124

	

1

	

BOARD, circ uit
388-1415-01

	

Β010125

	

Β029999

	

1

	

BOA RD, ci rcu it
388-1415-02

	

Β030000

	

1

	

BOARD, circ uit
-2

	

260-1111-00

	

1

	

SWITCH, push-MARKER SELECTO R, upper
-3

	

131-0589-00

	

16

	

TERM INA L, p i n , 0.50 inch long
-4

	

136-0220-00

	

13010100

	

Β031099

	

19

	

SOCKET, t ra nsisto r, 3 pin, square
136-0220-00

	

Β031100

	

17

	

SOCKET, t ransisto r, 3 pin, squa re
-5

	

136-0269-00

	

10

	

SOCKET, integ rated ci rcu it, 14 contact
-6

	

136-0350-00

	

Β010100

	

Β031099

	

1

	

SOCKET, transistor, 3 p in, low profile
136-0350-00

	

Β031100

	

3

	

SOCKE T, t ransisto r, 3 pin, low p rofile
-7

	

344-0205-00

	

1

	

CL IP , elect rical
-8

	

426-0121-00

	

2

	

MOUN T, to roid , plastic
- - - - - -

	

-

	

mo unting ha rdwa re : (not incl uded ω /ci rcuit board assembly)
-9 211-0116-00

	

4 SCREW, sems, 4-40x0.312 inc h , ΡΗΒ

670-1314-00

	

B01 0100

	

B01 01 24

	

1

	

CIRCU IT BOARD ASSEMBLY-DIVIDER
-10 670-0314-01

	

Β010125

	

Β039999

	

1

	

CI RCU IT BOARD ASSEMBLY-DIVID ER
670-0314-02

	

Β040000

	

1

	

CIRCU IT BOA RD ASSEMBLY-DIVIDER
- - - - - -

	

-

	

ci rcuit boa rd assembly includes :
388-1414-00

	

13010100

	

Β010124

	

1

	

BOARD, circ u it
388-1414-01

	

Β010125

	

1

	

BOARD, circuit
214-1292-00

	

1

	

HEATSI NK , transistor
-11

	

131-0589-00

	

31

	

TERM I NA L, pin, 0.50 inch long
-12

	

136-0183-00

	

1

	

SOCKET, transistor, 3 pin
-13

	

136-0220-00

	

20

	

SOCKET, transistor, 3 pin, square
-14

	

136-0269-00

	

12

	

SOCKET, integrate d ci rcuit, 14 contact
-15 260-1110-00

	

1

	

SWITCH, push-MARKER-SELECTO R, lowe r
-16 260-1109-00

	

1

	

SWITCH, push-TRIGGER -SELECTOR
-17

	

344-0118-00

	

1

	

CL I P , capacitor mo unting
- - - - - -

	

-

	

mounting hardware : (not incl uded ω /clip )
-18

	

211-0504-00

	

1

	

SCREW, 6-32 χ 0.25 inc h , PHS
-19

	

210-0907-00

	

1

	

WASHER, flat, 0.25 inc h d iameter
-20

	

210-0407-00

	

1

	

NUT, hex ., 6-32 χ 0.25 inc h
- - - - - -

	

-

	

mounting ha rdwa re : (not incl uded ω /ci rcuit boa rd assembly)
-21

	

211-0116-00

	

4

	

SC REW, sems, 4-40 χ 0.312 inch, ΡΗΒ

-22

	

105-0159-00

	

B01 0100

	

B01 9999

	

1

	

LATCH , bar, switch
105-0159-00

	

Β020000

	

2

	

LATCH , bar, switch
- - - - - -

	

-

	

mounting hardware : (not included ω/latch )
-23

	

211-0079-00

	

13010100

	

Β019999

	

2

	

SCREW, 2-56 χ 0.188 inc h , PHS
210-0001-00

	

Β010100

	

Β019999

	

2

	

WASHER, loc k , internal, #2
-24

	

210-0405-00

	

Β010100

	

Β019999

	

2

	

NU T, hex ., 2-56 χ 0.188 inc h
211-0162-00

	

Β020000

	

1

	

SCREW, 2-56 χ 0.188 inch , cap socket

2901
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FIGURE 1 EXPLODED (cont)

Fig . &

	

Q
Index Tektronix

	

Serial/Model No.

	

t
No. Part No .

	

Ε ff

	

Disc

	

Υ

	

1 2 3 4 5
Desc r iption

1-25 361-0395-00

	

ΧΒ031100

	

2

	

SPACER , switch
-26

	

333-1306-00

	

1

	

PANEL, f ront
-27

	

200-0799-00

	

1

	

COVER, p lastic, 0.505 ID χ 0.772 inch OD
-28 260-0613-00

	

1

	

SWITCH, toggle-POWER, ω /hardwa re
-29 260-0726-00

	

1

	

SWITCH, lever-MARKER AMPL IF IER
- - - - - -

	

-

	

mounting hardwa re : (not included ω/switch)
-30

	

210-0586-00

	

2

	

NUT, kep s, 4-40 χ 0.25 inc h
-31

	

211-0038-00

	

2

	

SCREW, 4-40 χ 0.312 inch , 100° cs k, FHS

-32

	

131-0955-00

	

1

	

CONNECTOR, receptacle, BNC, ω /hardwa re
-33

	

131-0955-00

	

2

	

CO NNECTOR , r eceptacle, BNC, ω / hardware
- - - - - -

	

-

	

mounting hardwa re fo r eac h :

	

(not included ω/connecto r)
-34

	

210-0255-00

	

1

	

LUG, solder, 0 .375 inc h

-35

	

200-0103-00

	

1

	

CAP , bind ing post
-36 355-0507-00

	

1

	

STEM, bind ing post
- - - - - -

	

-

	

moun ting ha rdwa re : (not incl uded ω/stem)
-37

	

210-0011-00

	

1

	

WASHER, loc k , inte rnal, 0.25 ID χ 0.468 i nch OD
-38

	

210-0455-00

	

1

	

NU T, hex ., 0.25-28 χ 0.375 inch

-39 352-0084-00

	

1

	

HOLDER, neon, plastic
-40 378-0541-00

	

1

	

F ILTER, lens, neon
-41

	

200-0609-00

	

1

	

COVER, neo n holde r
-42 136-0223-00

	

1

	

SOCKE T, light
- - - - - -

	

-

	

mounti ng hardwa re : (not included ω/socket)
-43

	

210-0046-00

	

1

	

WASHER, loc k , internal, 0.261 ID χ 0.40 inch OD
-44

	

210-0562-00

	

1

	

NUT, hex ., 0 .25-40 χ 0.312 inch

-45 426-0568-01

	

28

	

FRAME, pu shbutton, plastic
-46 366-1162-05

	

1 PU SHBUTTON-2ns
366-1162-04

	

1 PUSHBUTTON-5ns
366-1162-06

	

1

	

PUSHBUTTON-1 0 η s
366-1162-07

	

1 PUSHBUTTON-50ns
366-1162-08

	

2

	

PU SHBUTTON-0.1 μs
366-1162-09

	

1

	

PUSHBUTTON-0.5 Its
366-1162-10

	

1

	

PUSHBUTTON -1 μs
366-1162-11

	

1

	

PUSHBUTTON-5 μ s
366-1162-12

	

2

	

PUSHBUTTON-10 μs
-47

	

366-1162-13

	

1

	

PUSHBUTTON-50 μs
-48 366-1162-14

	

2

	

PU SHBUTTON-0.1 ms
366-1162-15

	

1

	

PUSHBUTTON-0.5 ms
366-1162-16

	

2

	

PU SHBUTTON-1 ms
366-1162-17

	

1

	

PUSHBUTTON-5 ms
366-1162-18

	

2

	

PU SHBUTTON-10 ms
366-1162-19

	

1

	

PUSHBUTTON-50 ms
366-1162-20

	

2

	

PU SHBUTTON-0.1 s
366-1162-21

	

1

	

PUSHBUTTON-0.5 s
366-1162-22

	

2

	

PU SHBUTTON-1 s
-49

	

366-1162-23

	

1

	

PUSHBUTTON-5 s
-50 366-0215-02

	

1

	

KNOB, lever-MARKER AMPL IFI ER
-51

	

386-1653-00

	

1

	

SUBPANEL, fro n t
- - - - - -

	

-

	

mo u nti ng hardwa re : (not included ω /subpanel)
-52

	

211-0541-00

	

4

	

SCREW, 6-32 χ 0.25 inch, 100° cs k , FHS



FIGURE 1 EXPLODED (cont)

Fig . &

	

0
I n dex Te k tronix

	

Serial/Model No .

	

t
No. Part No.

	

E ff

	

D ίsc

	

γ ι 2 3 α 5
Description

1-53 255-0334-00

	

ft PLASTIC CHANNEL, 12 .75 inches long
-54

	

426-0633-00

	

2

	

FRAME SECTION, cabinet, r igh t & left
- - - - - -

	

-

	

mo un ting hardwa re for each: (not incl uded ω /f rame section)
-55

	

211-0101-00

	

1

	

SCREW, 4-40 χ 0.25 inch , 100° cs k , FHS

-56 441-0903-00

	

1 CHASSIS
-57 337-1244-00

	

1

	

S H IELD, elect rical, high voltage
- - - - - -

	

-

	

mou nting ha rdware :

	

(not incl uded ω/s hield)
-58

	

211-0101-00

	

4

	

SCREW, 4-40 χ 0 .25 inch , 100° cs k , FHS
-59 129-0198-00

	

4 POST, hex .,0.188x0.74 inch long

-60 - - - - - -

	

1 TRANSFORMER
- - - - - -

	

-

	

mo unting hardwa re : (not incl ud ed ω/transforme r)
-61

	

211-0027-00

	

2

	

SCREW, 4-40 χ 1 .50 inches, RHS
-62

	

210-0823-00

	

2

	

WASHER, fibe r, 0 .125 ID χ 0.25 inc h OD
-63

	

210-0586-00

	

2

	

NU T, keps, 4-40 χ 0.25 inc h

-64 136-0012-00

	

1

	

SOC KE T, c rystal
- - - - - -

	

-

	

mou nting ha rdware : (not incl uded ω/socket)
-65

	

354-0002-00

	

1

	

RING, socket retaining
-66 386-0251-00

	

1 PLATE
-67

	

211-0503-00

	

2

	

SCREW, 6-32 χ 0.188 inch , PHS

Mechanical Parts List-2901

-68

	

385-0127-00

	

2

	

ROD, h ex ., 0 .25 χ 0.281 inc h
- - - - - -

	

-

	

moun tin g h a rdwa re fo r each :

	

(not included ω/rod )
-69

	

211-0503-00

	

1

	

SCREW, 6-32 χ 0.188 inch , PHS

-70 200-0533-00

	

1

	

COVER, capacitor
-71 - - - _- -

	

1 CA PACITO R
- - - - - -

	

-

	

mo unting ha rdwa re : (not included ω/capacitor)
-72

	

211-0516-00

	

2

	

SCREW, 6-32 χ 0.875 inch , PH S
-73 210-0802-00

	

ΧΒ040000

	

1

	

LU G, solder, SE #6
-74 386-0252-00

	

1

	

PLAT E, capacitor, small
-75

	

432-0047-00

	

1

	

BASE, capacitor, small
-76

	

210-0457-00

	

2

	

NU T, keps, 6-32 χ 0.312 inch

-77

	

210-0204-00

	

1

	

LUG, solde r, DE #6
-

	

-

	

moun ting ha rdwa re : (not incl uded ω /l ug)
-78

	

213-0044-00

	

1

	

SCREW, thread forming, 5-32 χ 0.188 inch , PHS



Mechanical Parts List-2901

FIGURE 1 EXPLODED (cont)

Fig . &

	

Q
In dex Tekt ron ix

	

Serial/Model No.

	

t
No. Part No .

	

Ε ff

	

Disc

	

γ ι 2 s 4 5
Description

1-79

	

210-0202-00

	

1

	

LUG, solder, S E #6
- - - - - -

	

-

	

mounti ng ha rdwa re : (not incl uded ω /l u g)
-80

	

213-0044-00

	

1

	

SCREW, thread fo rming, 5-32 χ 0.188 inch , PHS

-81

	

386-1654-00

	

1

	

SUBPANEL, rea r
- - - - - -

	

-

	

mounti ng h a rdwa re : ( n ot incl uded ω/subpanel)
-82

	

211-0541-00

	

4

	

SCREW, 6-32 χ 0.25 inc h , 100° cs k , FHS
-83 210-0457-00

	

4 NUT, keps, 6-32x0.312 inch

-84

	

131-0342-00

	

1

	

CONNECTO R , BNC, fe male, ω /ha rdware
-85 260-0447-00

	

1

	

SWITCH , sli de-CLOCK
- - - - - -

	

-

	

mounting hardware : (not included w/switch)
-86

	

210-0406-00

	

2

	

NUT, hex., 4-40 χ 0.188 i nc h
-87

	

211-0101-00

	

2

	

SCREW, 4-40 χ 0.25 i n ch , 100° cs k , FH S

-88

	

337-1036-00

	

3

	

SH IELD, sold er, fibe r , slid e switch
-89 260-0747-00

	

1

	

SWITCH, sli d e, double, line voltage
- - - - - -

	

-

	

mounting hardwa r e : (not incl uded ω/switc h )
-90

	

210-0406-00

	

2

	

NUT, hex ., 4-40 χ 0.188 inch
-91

	

211-0101-00

	

2

	

SCREW, 4-40 χ 0.25 inc h , 100° csk, FHS

-92

	

352-0076-00

	

1

	

HOLDER, fu se, ω / h a r dware
- - - - - -

	

-

	

mounting hardware : ( n ot i n cl uded ω /h olde r )
210-0873-00

	

1

	

WASHER, rubber, 0.50 ID χ 0.687 inch OD

-93

	

200-0237-00

	

1

	

COVER, fuse holder
-94

	

358-0161-00

	

1

	

BUSH ING, st r ain relief
-95

	

161-0049-00

	

1

	

CABLE ASSEMBLY, power
-96

	

200-0692-00

	

1

	

COVER, transisto r
- - - - - -

	

-

	

mounting hardware : (not i ncl uded ω/cove r)
-97

	

211-0513-00

	

1

	

SCREW, 6-32 χ 0.625 inc h , PHS
-98

	

210-0802-00

	

1

	

WASHER, flat, 0.15 lD χ 0.312 i n c h OD
-99

	

210-0457-00

	

1

	

NUT, kep s, 6-32 χ 0.312 inc h

-100 - - - - - -

	

1 TRANSISTOR
- - - - - -

	

-

	

mounting ha rdwa re :

	

(not incl uded ω/transisto r )
-101

	

211-0578-00

	

1

	

SCREW, 6-32 χ 0.437 inch, PHS
-102 386-0978-00

	

1

	

PLATE, ins u lator, mica
-103 342-0026-00

	

1

	

INSULATOR , transisto r
-104 210-0202-00

	

1

	

LUG, solde r , SE #6
-105 210-0457-00

	

1

	

NUT, keps, 6-32 χ 0.312 inc h

-106 333-1307-00

	

1

	

PANEL, rea r
-107 179-1450-00

	

1

	

W I R I NG HARNESS, c h assis
- - - - - -

	

-

	

wiring ha rn ess incl udes :
-108

	

131-0621-00

	

B01 0100

	

Β020459

	

44

	

CONNECTO R , terminal
131-0621-00

	

Β020460

	

42

	

CONNECTOR , te rmin al
131-0792-00

	

Β020460

	

2

	

CONNECTOR , te r mi n al
131-0622-00

	

3

	

CONNECTOR , te rmin al
-109 352-0201-00

	

1

	

H O LD ER, terminal connector, 5 wi r e



FIGURE 1 EXPLODED (cont)
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Disc

	

γ 1 τ s α s

1-110 352-0202-00

	

1

	

HOLDER, te rminal connector, 6 wi re
-111

	

352-0203-00

	

1

	

HOLDER, term i n al connector, 7 wi r e
-112 352-0205-00

	

1

	

HOLDER, te rminal connecto r, 9 wire
-113 352-0206-00

	

2

	

HOLDER, te rminal connecto r, 10 wi re
179-1451-00

	

1

	

W I R ING HARNESS, AC
-114 390-0148-00

	

1

	

CABI NET TOP
- - - - - -

	

-

	

cabinet top includes :
214-0812-00

	

4

	

LATCH ASSEMBLY
- - - - - -

	

-

	

each latch assembly i n cl udes :
-115 214-0603-01

	

1

	

PIN, securing
-116 214-0604-00

	

1

	

SPRING, latc h
-117 386-0227-00

	

1

	

PLATE, index
-118 38ό-0226-00

	

1

	

PLATE, locki ng
-119 367-0037-00

	

1

	

HANDLE, ca rrying
- - - - - -

	

-

	

mounting ha rdwa re : ( not i n cl uded ω /hand le)
-120 213-0155-00

	

2

	

SCREW, 10-32 χ 0.40 i n ch

-121 344-0098-00

	

2 CLI P
-122 390-0149-00

	

B01 0100

	

Β029999

	

1

	

CABINET BOTTOM
390-0149-01

	

Β030000

	

1

	

CABI NET BOTTOM
- - - - - -

	

-

	

cabinet bottom i n cl udes :
-123 214-0812-00

	

4

	

LATCH ASSEMBLY
- - - - - -

	

-

	

each assembly i n cl udes :
214-0603-01

	

1

	

PIN, sec uri n g
214-0604-00

	

1

	

SPRI NG, latch
386-0227-00

	

1

	

PLATE, index
38ό-0226-00

	

1

	

PLATE loc k ing
348-0256-00

	

Β010100

	

Β029999

	

2

	

FOOT, cabinet
- - - - - -

	

-

	

mo unting ha rdwa re fo r each : (not in cluded ω/foot)
211-0507-00

	

2

	

SCREW, 6-32 χ 0.312 inch , PHS
220-0419-00

	

2

	

NU T, sq uare, 6-32 χ 0.312 inch

-124 348-0073-00

	

Β030000

	

2

	

FOOT, bail lim iti n g, left fr o n t, r igh t rear
- - - - - -

	

-

	

mounti ng hardwar e fo r each : ( not i n cl uded ω/foot)
-125 211-0532-00

	

2 SCREW, 6-32x0.75 inch , F I L H S
-126

	

210-0457-00

	

2

	

NUT, kep s, 6-32 χ 0.312 i nc h

-127 348-0074-00

	

Β030000

	

2

	

FOOT, bail limiting, righ t front, left rear
- - - - - -

	

-

	

mounti ng ha rdware for each : (not included ω/foot)
-128

	

211-0532-00

	

2

	

SCREW, 6-32 χ 0.75 inc h , FI L HS
210-0457-00

	

2

	

NUT, keps, 6-32 χ 0.312 inc h

-129 377-0119-00

	

ΧΒ030000

	

4

	

INSERT, foot
348-0254-00

	

Β010100

	

Β029999Χ

	

4

	

PAD, cabinet foot
-130 348-0257-00

	

1

	

FLIP-STAND, ca binet

STAN DARD ACCESSORIES

Description

-131 011-0049-01

	

1

	

TERMINATION , coaxial, 50 ohm
-132 012-0057-01

	

2

	

CABLE ASSEMBLY, 50 ohm, coaxial
070-0995-00

	

1

	

MANUAL, i nst ru ction ( not s hown)

Mechanical Parts List-2901
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