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All TEKTRONIX i n struments are warranted agai n st
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The TEKTRONIX 7704Α Oscilloscope System is α
solid-state, high performance instrument designed for gen-
eral a pplications . (For rise time and bandw id th specifica-
tions of oscilloscope systems using the 7704Α , see page
2-5 .) The system is com posed of two ind ivi d ual units, the
Α7704 Acq uisitio n Un it and the D7704 Display U nit .

7704Α Operators

7704Α Oscillosco pe System .

INTRODUCTION

The D7704 Disp lay U nit features α C RT with small spot
size and h igh w riting rate . In add ition to the waveform, the
C RT can also d isplay alpha-numeric information from the
plug-in units, such as deflectio n factor, sweep rate and
other encoded parameters . Standard graticule size is 8 Χ
10 cm .

The Α7704 Acq uisition U nit has four plug-in compart-
ments . The left pair of plug-in units is connected to the

	

DC supp lies in the Acq uisitio n U nit supply power for
vertical system ; the right pair is connected to the horizontal

	

the entire instr u ment . These su pplies are regulated to assure
system . E lectronic switching between the plug-ins con-

	

that performance is not affected by variations i n line
nected to each system allows α dual-trace vertical display

	

voltage and frequency, or by ch anges in load due to the
a nd/or α d ual-sweep horizontal display .

	

varying power req uirements of the p lug-in u nits .



General

To effectively use th is instrument, the operation and
capab ilities of the instru ment must be known . This section
describes the operation of the f ro nt- and rear-panel controls
and connectors and gives general operating information .

PREL IM INARY INFORM ATIO N

Operating Voltage

The 7704Α can be operated from either α 115-volt or α
230-volt nominal line voltage source . The Line Selector
assembly on the rear panel converts this instrument from
one operating voltage to the oth er . This assembly also
includes line fuses . Use the following proced ure to obtain
correct instrument operation from the line voltage
available .

CA U TION

' This instrument is designed for ope ration from α
power source with its neutral at or nea r earth
(ground) potential with α separate safety-earth con
ductor, It is not intended for operation from two
phases of α multί-phase system, o r across the legs of α
single-phase, three-wire system .

1 . Disconnect the instrument from the power source .

2 . Loosen the two captive screws wh ich hold the cover
onto the selector assembly ; then pull to remove the cover .

3 . To convert from 115-volts to 230-volts nominal line
voltage, or vice versa, pull out the Selector switch bar (see
F ig . 1-1) and plug it back into th e remaining hole . Change
the line-cord powe r p lug to match the power-source
receptacle or use α 115- to 230-volt adapter .

Indicator
Tab

Ca ptive
Screws

Selector
Switch bar

Fig . 1-1 . L ine Selector assembly on rear panel (shown with cove r
and fuses removed ) .

4 . Re-install the cover and tighten the captive screws .

5 . Before applying power to the instrument, ch eck that
the indicator tab on the switch bar is protrud ing through
the correct hole for the desired line voltage range .

This instrument may be damaged if operated with the
Line Selector assembly set to incorrect positions for
the line voltage applied.

The 7704Α is designed to be used with α three-wire AC
power system . If the th ree- to two-wire adapter is used to
connect this instrument to α two-wire AC power system, be
sure to connect the ground lead of the adapter to earth
(grou nd ) . F ailure to complete the grou nd system may allow
the ch assis of th is instrument to be elevated above ground
potential and pose α shock hazard .



Operating Instructions-7704A Operators

Operating Temperature

	

All the plug-in compartments do not need to be filled to
operate the instrument; th e only plug-ins needed a re those

The 7704Α can be operated where the amb ient air

	

requi red for the measurement to be m ade . At envi ron-!
temperature is between 0°C and +5ρ°ς , This instrument

	

mental extremes, excess interference may be radiated into

	

,
can be stored in ambient temperatures between -55°C and

	

the instrument through the open plug-in compartments.
+75°C . After storage at tem peratures beyond the operating

	

B lank plug-in panels are availab le from Tektronix, Inc . to
limits, allow the chassis temperature to come with in the

	

cover the unused compartments ; order TEKTRONIX Part
operating limits before power is applied .

	

No. 016-0155-00 .

The 7704Α is cooled by convection air flow through the
instrument . Adequate clearance must be provided on all

	

Interchanging Plug-ins
sides to allow heat to d issipate . Do not block or restrict the

	

When the instrument is calibrated as directed in the
air flow through the holes in the cabinet . Maintain the

	

Service Manual's Calibration procedu re, the vertical and
clearance provid ed by the feet and allow about two inches

	

horizontal gains are normalized, allowing calibrated plug-in
clea rance on th e top , sides and rea r (more if possible) . units to be interchanged from one compartment to anothe r

without recalibration . However, the basic calibration of the
ind ividual p lug-i n un its should be checked when they are

Operating Position

	

installed in this system to verify their measurement
accuracy . See the operating instructions section of the

Α bail-type stand mounted on the bottom of the

	

plug-in unit i nstruction manu als for verification p rocedure .
instrument permits the 7704Α to be tilted up about 10° for
convenient viewing .

PLUG-IN UN ITS
The major controls and connectors are located on the

General

	

front panel of th e instrument . Several auxiliary functions
are provided on the rear panel . F igure 1-2 shows the fro nt

The 7704Α accepts up to four TEKTRON IX 7-series

	

and rear panels and provides brief descri ptions of each,
plug-in un its . This plug-in featu re allows α va riety of d isplay

	

control and connector . More detailed operating information
comb inations

	

and

	

also

	

allows selection	ofbandwidth,

	

is given under 'Detailed Operating Ι nformation' starting on
sensitivity, d isplay mode, etc . to meet the measurement

	

page 1-9.
req uirements . In add ition, it allows the oscilloscope system
to be expanded to meet futu re measurement req uirements .

	

Front-Panel Color Coding

The overall capab ilities of the system are determined by

	

Portions of the front-panel of the 7704Α and its plug-in	'
the characteristics of the p lug-ins selected . Some typical

	

un its are color-coded as follows to aid in operating the
combinations are given und er "A pplications" on page 1-18 .

	

instrument :
along with simp lified instructions for setti ng them up . For
information on othe r p lug-ins, see the current Tektronix,

	

RE D
I nc . catalog .

I dentifies the nomenclature and controls that will
uncali brate the inst ru ment .

Installation of Plug-in Units

CAUTION

Plug-in units should not be installed or removed
without first turning the instrument power off, to
prevent instrument damage.

To install α plug-in unit into α plug-in compartment,
align the slots in the top and bottom of the plug-in with the
associated gui de rails in the plug-in compa rtment . Push the
plug-in u nit fi rmly into the plug-in compartment until it
locks into place . To remove α plug-in, pull th e release latch
on the pl ug-in unit to disengage it and to pull the u nit out
of the compartment .

G REEN

CONTROLS AND CONNECTORS

I dentifies all trigger controls .

ι

BLUE

Identifies the controls affecting the C RT display mode .

	

,

ι
Other colors such as gray, orange, yellow, etc . have no

	

I
functional assignments, but are used as needed to ind icate
the relationship between the app ropriate controls and
connecto rs .

REV . Β , NOV. 1977

	

1
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:READOUTControls h riyhτ -
ness of the readout ρο rχίπιι υ1
Th. C RT d isplay. Turn, rift fl-
readout system when in The

CCW deteηχροs ίtίοπι

- BEAM FINDER Compresses
an d defocuses display within
graticule area regardless of dis-
play position or app lied signal .

TRACE ROTATION Screw-
.driver adj ustment to align
trace with graticute-

CAL IBRATOR Provides cali-
brated 40 mV-4 V, 1 kHz
s quare-wave signals.

POWER (PUL L)

VERTICAL MODE Selects
vertical ρΙυg- ίιι compart-
ment(') provi ding the vertical:
deflection signal .

VERT TRACE SEPARATION
(B) Vertically positions the B
HORIZ trace with respect . to
the Α HORIZ trace . (dual-
sweep modes only)

Α s τιc Sειιιω rιεΙ
ment το οbtι ; ίιι α
display. Dr- i-t
adjustmen t ιι υοειοαΙ ιι

Α TRIGGER SOURCE Selects
'internal trigger source for Α
HOR IZ timebase. .

Α ΙΝΤΕΝ C.Wrols 11 .1911t .1-1-
οΣ the trace pruducvd by the,
Α HOR IZ plug-,n .

Fig . 1-2Α. Front-panel controls and connectors .

Operating Instructions-7704A Operators

FOCUS Acil-tt-111 I- 01)t
rι , υο, dι'μ 1 αγ sh aεpness .

INTENSITY Controls bright -
. ττ ο1 the dis play (except 0-
e,d ου t portion) .

Β . ΙΝΤΕΝ .C οπκοέs brightness
οΣ thetrace producedby the Β
ΗΟR Ι Ζ: plug-, .. .

HORIZONTA L MODE Sιlncts
h or υιιtαΙ . μΙιι9- ιιιC."'μ",
eυr ( s) ρrov ίding the hοει -

τυυ t ιιΙ deflection signal .



Operati ng Instructions-7704A Operators

Ζ AX Ι S 1 ΝVU Τ Ιημυ : to, Ζ -
A .i s είίειιιτ Providing i
sity ιιιυd υΙα tίοο of the

VERT SIG Sample of νer τιεπΙ
τί g ιιαΙ as selected by Β TR IG-
G ER SOURCE switc h .

+ SAW TOOTH Sample of λ:
S-tooth οι Β Sawtooth as
,,,[ected by an internal switch .

GAT E Square-wave signal as
selected by an internal switch :
Α. Gate ; Β Gate ; or Α Dely'd
Gate .

REMOTE RESET INPUT Ρ , ύ -
vides remote single-s,-E" 13 -so
when Time base is ιο Single
Sweep . Mode-

Fig . 1-2Β . Rear-pan el controls and connectors .

Selectni Αιse ιοδΙγ Se
ιΙυι ιιοιπιιιαΙ Ιιιυ ". νιιΙτιι 9,
, 230 VAC) .

CΟνΤ RΟι ιι LUηπ C ιιητ- οι .
'11" t. ." of 11-hbuttor,
, ωίτπ hes .

PROBE POWER C πιιο e ετο rs
τιιρμΙγιη g P.-en ιο on" π r ιωο
, ι cτίνε [ι r υlses .

ι

ι
ι
ιι ι
ι



Operating Instructions-7704A Operators

OPERATING CHE CKOUT

The following procedure checks th e basic operation of
the instrument. It may also be used for familiarization with
the instrument or as an incoming inspection .

10 . Disconnect the input signal and position the trace
(with the LEFT VERT un it position control) on the center
horizontal line of the graticu le . If the trace is not parallel

Preliminary

	

with the center horizontal line, re-adj ust the TRAC E

1 . Set the front-panel controls as follows:

	

R OTATION control .

9 . Adj ust the FOCUS control for α well- defined d isplay
over the entire trace length . (If focused display cannot be
obtained , see "Display F ocus" in this section.)

' I NTEN SITY Counterclockwise
Α ΙΝΤΕΝ

	

Midrange

	

11 . Rotate the GRAT I LLUM control throughout its
FOCUS

	

M i d range

	

range and notice that th e graticule lines are illuminated as
'

	

Β ΙΝΤΕΝ

	

M idrange

	

the control is turned clockwise (most obvious with tinted
READOUT

	

OFF

	

filter installed ) . Set control so graticule lines are illumi nated
G RAT I LLUM

	

Counterclockwise

	

as desired .
'

	

VERTICAL MODE

	

LEFT
Α TRIGGER SOURCE

	

VERT MODE
HORIZONTAL MODE

	

Α
VERT TRACE

	

Vertical and Horizontal Gain Check
S EPARATION (Β )

	

Midra nge
Β T RIGGER SOUR CE

	

VERT MODE	12 . Connect the 4 V CA L I BRATOR pin-jack to the
input connector of either vertical unit using the BN C to
p i n -jack cable (supplied accessory) and BNC Τ connector.
Connect the outpu t of th e BNC Τ connector to the input of

2 . Connect the instrument to α power sou rce th at meets

	

the other vertical unit with α BNC cable .
the voltage and frequency requ irements of this instrument.
If the available line voltage is outsid e the limits of the L ine
Selector switch (on rear panel), see "Operating Voltage" i n
th is section .

	

The d isplay shou ld be two d ivisions in am plitude with
five complete cycles shown horizontally . An incorrect
d isplay ind icates that the p l ug-ins need to be recalibrated .

3 . Insert 7A-series amplifier

	

units into both vertical

	

See the instruction manual of the applicab le plug-in unit for
compartments . Insert 713-series time-base u nits into both

	

adjustment information .
horizontal compartments.

4. Pull the POWER switch to ON . Allow several minutes

	

Vertical and Horizontal Modes
warmup so the instrument can reach α normal operating

	

13. Notice that the POSITION controls of only the'

	

temperature before proceeding .

	

LEFT VERT unit a nd the Α HORIZ time-base unit have
any effect on the d is played trace . Position the start of the
trace to the left edge of the graticule with the Α HOR IZ

5 . Set both vertical units for α vertical deflection factor

	

time-base u nit POSITION control . Move th e trace to the
of two volts/ d ivision and center the vertical position

	

upper half of the graticule with the LEFT VERT unit
controls.

	

POSITION control .

'

	

6. Set both time-base units for α sweep rate of 0.5

	

14. P ress the R IG HT button of the VERTICAL MOD E
millisecond/division in th e auto, internal trigger mode.

	

switch. Also press the Β button of the HORIZONTA L
MOD E switch. Notice th at the positio n controls of only the
R IGHT VERT unit and the Β HORIZ time-base unit have

7 . Advance the I NTENSITY control un til th e trace is at

	

any effect on the d isp layed trace.
th e desired viewing level (near mid ra nge) .

15 . Position the start of the trace to the left edge of the
8. Connect the 4 V CAL I BRATOR signal to the input

	

graticule with the Β HOR IZ time-base POSITION control
connector of the LEFT VERT u nit with the special patch

	

and move the d is play to the bottom half of the graticu le
'

	

cord (supplied accessory) .

	

with the R IGHT VERT unit POSITION control .

ι



Operating Instructions-7704A Operators

16 . CHOP VERTICA L MOD E . Press the CHOP button

	

Return the sweep rates of both time-base units to 0 .5
T.-

	

Adju st the Α I NTEN SITY control . αof the VERTICA L MODE switch .

	

the Β HORIZ

	

millisecond/ division .
time-base unit ΤΙΜΕ/DI V switch th roughout its range .

	

Notice that it changes the i ntensity of the trace produced
Notice that α d ual-trace d isp lay is present at all sweep rates

	

by the Α HORIZ time-base unit only . L i kewise, the Β
with both vertical units being displayed on each sweep on α

	

I NTEN SITY control ch anges the intensity of the trace
time-sharing basis .

	

produ ced by the Β ΝΟ R ΙΖ time-base unit only . Return
both i ntensity controls to the desired level .

17 . ALT VERTICAL MODE. Press the ALT button of
the VERTICA L MODE switch . Note that two traces are

	

21 . CHOP HOR IZ-CHOP VERT MODE . Change the
dis played on the CRT . The top trace is produced by the

	

input signal from the CA L I BRATOR to 0.4 V . Press the
LEFT VERT unit, the bottom trace is produced by the

	

CHOP buttons of the VERTICA L MOD E and
R IGHT VERT u nit, and the sweep for both t races is

	

HORIZONTAL MODE switches . Four traces sh ould be
produced by the Β ΗΟR ΙΖ time-base unit .

	

d is p layed	on the CRT .

	

If not, adjust the POSITIO N
controls of the vertical units and the VERT TRAC E
SEPARATIO N (Β ) control to position th e fou r traces onto

Reduce the sweep rate of the Β HOR ΙΖ time-base unit to

	

the viewing area . Adjust the POSITIO N controls of the
50 millisecond s/division . Notice that the d isplay alternates

	

plug-in units to identify wh ich traces are produced from
between the left and right vertical p l ug-ins after each swee p .

	

each of the p l ug-in units (if vertical units have the identify
Turn the Β HORIZ ΤΙΜΕ/DIV switch throughout its range .

	

feature, it can be used to identify the traces) . Also, set one
N otice th at the d is play alternates between vertical un its at

	

of th e time-base un its to α swee p rate of one millisecon d/
all

	

sweep	rates.

	

R etur n the

	

Β

	

HORIZ

	

time-base unit

	

d ivision . Notice th at the vertical deflection produced by the
ΤΙΜΕ/DIV switch to 0.5 millisecond/d ivision.

	

LEFT VERT u nit is d is played at the sweep rate of both the
Α HOR IZ and Β HORIZ time-base units . The vertical
deflection prod uced by the R IG HT VERT p lug-i n unit is

18 . ADD VERTICA L MOD E . Press the ADD button of

	

also displayed at the sweep rate of both the Α HORIZ and
the VERTICAL MOD E switch . The display should be four

	

Β HOR IZ time-base units.
d ivisio ns in amplitude . Notice that the position control of
either ve rtical un it moves the d isplay . Press the LEFT
button of the VERTICAL MOD E switch .

	

22 . ALT HORIZ-CHOP VERT MODE . Press the ALT
button of th e HORIZONTAL MODE switch . N otice that
the display is very simila r to the disp lay obtained in the

19 . CHOP HORIZ M ODE. Press the CHOP button of

	

previous step . The main differe nce in th is display is that the
the HORIZONTAL MODE switch . Turn the ΤΙΜΕ /DIV	sweeps are produced alte rnately by the time-base un its
switches of both time-base u nits th roughout their range .

	

( noticeable only at slow sweep rates) .
Notice that two traces are d isplayed on the CRT at all
sweep rates . Also notice that when both time-base units are
set to α slow sweep rate (50 milliseconds/divisio n or

	

23 . I NDEPEN DENT-PAI RS. Press the ALT button of

slower), both traces are visible on the CRT at the same

	

the VERTICAL MOD E switch . Connect th e BNC to

time .

	

p in-jack cable to the 0.4 V calibrator output . N otice that
only two traces are d isplayed on the CRT . Also notice that
one of th e traces is prod uced by the left vertical unit at the

20 . ALT HORIZ MODE . P ress the ALT button of the

	

sweep rate of the Β HORIZ time-base unit and the other by
HORIZONTA L MODE sw itch. Two traces should be

	

the right vertical unit at the sweep rate of the Α HORIZ
present on the CRT . Adjust the VERT TRACE	time-base unit . Th is featu re is called independent-p airs
SEPARATION ( Β ) control to move the Β trace to the

	

operation , and is obtained only wh en the VERTICAL
bottom of the graticule area .

	

MODE	switch is in the ALT position and the HOR I-
ZONTAL MOD E switch is in either the ALT or theCHOP
position .

ΝΟΤΕ

ι

ι
ι
ι
ι
ι
ι
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ι
ι
ι
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Both horizontal plug-ins must run individually if the

	

Triggering
7704Α is to operate in ALT Horiz. Mode.

24 . Press the LEFT button of the VERTICAL MOD E
switch and the Α button of th e HORIZONTAL MODE

Turn the ΤΙΜΕ/DIV switch es of both time-base units

	

switch . Cente r the d is play on the CRT with th e LEFT
throughout their range. N otice th at each time-base u nit

	

VERT unit POSITION control . Disconnect the input signal
controls one of th e traces independent of the other

	

from the right vertical unit input connector. Sequentially

	

'
time-base unit . Also notice that wh en one of th e time-base

	

press all of the VERTICAL MODE switch b uttons . Notice
units is set to α slow sweep rate (below about 50

	

that α stable d isplay is obtained in all positions of the
millisecond s/division), sweep alternation is evident, with

	

VERTICAL MOD E switch (straight line in R IGHT

	

'
only one of the traces present on the CRT at α time .

	

positio n ) .



25 . Press the LEFT VERT button of the Α TR IGGER
SOURCE switch. Again, sequentially press all of the
VERTICAL MOD E buttons. N otice that thed isplay is again
stab le in all positions .

26 . Press th e R IG HT VERT button of the Α TRIGGER
SOURCE switch . Sequentially press all the VERTICA L
MODE switch buttons and notice that α stable display
cannot be obtai ned in any position . This is because there is
no input signal connected to the r ight vertical u nit . R eturn
the Α TRIGGER SOURCE switch to VERT M ODE .

27 . Check that the Β T RIGGER SOURCE switch
operates in α similar manner to the Α TRIGGER SOURCE
switch when the Β HORIZ time-b ase unit is selected for
d isplay.

Control Illumination

28. Operate the CO NTROL ILLUM switch on the rear
panel to see that it controls the illumination of the
front-panel pushb uttons.

Readout (Deleted by Option 1)

Ι

	

The followi ng th ree steps apply only to instruments
equipped with α Readout System .

29 . Turn the READOUT control clockwise until an
alpha-numeric d isp lay is visi b le with in th e top or bottom
d ivisio n of the CRT (reset the F OC US control if necessary
for best d efinition of th e read out) . Change the deflection
factor of the vertical u nit that is selected for d isp lay . Notice
that the readout portion of th e display changes as the
deflection factor is changed . L i kewise change the sweep
rate of the time-base unit providing the sweep. Notice that
the readout d is play for the time-base unit changes also as
the sweep rate is changed .

30 . Set the time-base unit for magnified operation.
Notice that th e readout d is play cha nges to indicate the
correct magn ified sweep rate . If α readout-cod ed 10Χ probe
is available for use with the vertical unit, install it on the
input connector of the vertical p l ug-in . Notice that the
deflection factor ind icated by the readou t is increased by
10 times when th e probe is added . R eturn the ti me-base
unit to normal sweep operation and d isconnect the probe .

31 . Sequentially press all of th e VERTICAL MOD E
HORIZONTAL MODE buttons. Notice that the read out
from α particular plug-in occupies α specific location on the
d isplay area . If either of the vertical plug-in un its is α

dual-trace unit, notice that the readout for channel 2
appears with in the lower division of the CRT.

Beam Finder

32 . Set the vertical deflection factor of the vertical
plug-in wh ich is displayed to 0.1 volt/d ivision . Notice th at α
sq uarewave d isplay is not visible since the deflection
exceeds the scan area of the CRT .

33 . Pr ess the BEAM F INDER button . Notice that the
display is returned to the viewing area in compressed form .
R elease the BEAM FλNDER switch and notice that the
d isplay again disappears from the viewing area .

34 . W ith the BEAM FI NDER button pressed in, change
the vertical and horizontal deflection factor until the
display is reduced to about two d ivisions vertically and
horizontally (w hen the time-base unit is i n the time-base
mod e, change only the d eflection factor of the vertical
unit) . Adjust th e position controls of the d is played vertical
and horizontal un its to center the compressed d is play on
the graticule. R elease the BEAM F I NDER switch . N otice
th at the d is play remains within the viewing area .

Calibrator

35. Operation of th e OA V and 4 V CALI BRATOR
ou tpu ts has been verified during th e above procedure. To
check the 40 mV output, connect α lead between it and the
left vertical in put . Set the vertical deflection factor to 10
mV/division and notice that α four-division squarewave
signal is displayed .

Ζ-Axis Input (Deleted by Option 7)

36 . Connect α signal (five volts peak-to-peak minim u m)
to both the input connector of the d isplayed vertical unit
and the Z-AXIS I NPUT connector. Set the sweep rate of
the d isplayed time b ase to d isplay about five cycles of th e
waveform . Ad j ust the am plitud e of the signal generator
until intensity modulation is visi ble on the display (change
the vertical d eflection factor as necessary to prod uce an
on-screen d isp lay) . The positive peaks of the waυeform
should be b la nked out and the negative peaks intensified.
N otice that the setting of the intensity controls determines
the amount of intensity mod ulatio n that is visi b le .

37 . This completes the basic operating procedure .
I nstrument operations not explained here, or operations
wh ich need further explanation, are d iscussed u nder
"Detaile d Operating Information" on pages 1-9 through
1-17 .

1-7
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SI MPLI F I ED OPERATING I NSTRU CTIONS

General

The followi ng information will aid in quickly obtain ing
the correct setting for the 7704Α controls to present the
vario u s types of d isplays . The operator should be familiar
with the basic function and operation of this instrument
before using th is simplified procedure . For more detaile d
operating information on the plug-in units, see thei r
ind ividual instruction manuals.

D ual-Sweep-Rate Display of One Signal

T he following proced ure will d isp lay the signal from one
vertical plug-in unit on two separate traces at two
independent sweep rates :

1 . Connect the signal to the input connector of a
vertical p l ug-in un it installed in the LEFT VERT compart-
ment and install time-base p l ug-ins i n both HORIZ
compartments-

3. Adjust th e p l ug-in controls as needed for the desired
display. For more information on choice of dual-sweep
modes, see 'D ual-Sweep Displays' on page 0-00 .

4. Adjust th e VERT TRACE SEPARATION ( Β ) control

	

'
to position the Β Trace somewhat below th e Α Trace (to
avoid confusion when adju sting Α INTENSITY and Β

	

'
INTENSITY).

Dual-Trace Single-Sweep-Rate Display of Two

	

,
Signals

F or

	

simplicity

	

of

	

explanation,

	

these

	

directions

	

The followi ng procedure will provide α d isplay of two

	

'
recommend using the LEFT VERT and Α HORIZ compart-

	

signals on two separate traces at α single sweep-rate :
ments for single-signal and/or single-sweep-rate d is p lays .
The other two compartments can be used instead if the

	

1 . Connect one signal to α vertical p l ug-in installed inprocedure is changed accord ingly.

	

the LEFT VERT compartment, connect the other signal to '
α vertical plug-in installed in the R IGHT VERT compart-
ment, and install α time-base plug-in i n the Β HORIZ
compartment.Si ngle-Trace Display of One Signal

The following procedure will provide α d isplay of α
single signal on one time-base :

	

2. Set th e 7704Α front-panel switches as follows :

1 . Con nect the signal to the input connector of α

	

VERTICAL MODE

	

ALTor CHOP
vertical

	

plug-in	unit

	

installed

	

in the

	

LEFT VERT

	

HORIZONTA L MODE

	

Β
compartment; install α time-base plug-in unit in the Β

	

Β TRIGGER SOURCE

	

VERTMODE
HOR IZ compartment.

3. Adjust the p l ug-i n controls as needed for the desired
2 . Set the 7704Α front-panel switches as follows :

	

d isp lay . For more i nformation on ch oice of dual-trace
VERTICAL MODE

	

LEFT

	

mode, see "Alternate Mode" and "Chopped Mode" on page

	

,
HORIZONTA L MOD E

	

Β

	

0-00.
Β TRIGGER SOURCE

	

VERTMOD E or
LEFT VERT

Dual-Trace Dual-Sweep- Rate Display of Two

	

I
3. Adjust th e plug-in controls for the desired d is play.

	

Signals (Independent Ραirs)

The following proced ure will provide α d is play having

	

,
the signal applied to the LEFT VERTICAL unit d isplayed
on one trace at the sweep rate of the Β HORIZ time-base
unit and the signal applied to the R IGHT VERTICAL un it

	

'
d is played on another trace at the sweep rate of the Α
HORIZ time-base unit :

1 . Connect one signal to α vertical plug-in installed in	'
the LEFT VERT compartment, connect the other signal to
α ve rtical plug-in installed in the R IGHT VERT
compartment, and install time-base plug-ins in the A
HORIZ and Β HORIZ compartments .

2 . Set the 7704Α controls as follows:
2 . Set the 7704Α front-panel switches as follows:

VERTICA L MOD E

	

ALT
VERTICAL MOD E

	

LEFT

	

Α T RIGGER SOURCE

	

RIGHT VERT
Α T RIGGER SOURCE

	

LEFT VERT

	

HORIZONTAL MOD E

	

ALT or CHOP
HORIZONTAL MODE

	

ALT or CHOP

	

Β T RIGGER SOURCE

	

LEFTVERT
Β T RIGGER SOURCE

	

LEFT VERT	VERTTRAC E SEP (Β )

	

As needed

ι



ι
'
	

3 . Ad just th e plug-in controls as needed for the desired

	

position cont rols and release the BEAM F INDER .) The
. display . For more information, see 'Vertical Alte rnate

	

amplifier in the Α HO R IZ compartment controls the
Mode' on page 1-13 and 'Horizontal Alternate Mode' on

	

horizontal deflection and the un it in the LEFT VERT
'

	

page 1-14.

	

compartment controls the vertical deflection .

ι
ι
ι
ι
ι
ι
ιι
ι
ι
ι
ι
ι
ι
ι
ι ι

Delayed-Sweep Display

1 . Connect the signal to α vertical plug-in unit installed
in the LEFT VERT compartment, install α delayi ng

	

Intens ity Controls
time-base unit in the Α HOR IZ (DELAYI NG TIME BAS E )

	

The 7704Α has four separate intensity controls . The Α
compartment and any 713-series time-base un it in the Β

IZ compartment .

	

ΙΝΤΕΝ control d eterm ines the brightness of the d isplay
HOR produced by the plug-in in the Α HO R IZ com partment ; the

Β ΙΝΤΕΝ control d etermines the brightness of the display
2 . Set the 7704Α f ro nt-panel controls as follows :

	

produced by the p lug-in in the Β ΝΟR ΙΖ compartm ent . The
I NTEN SITY control on th e d is play unit affects both Α and

VERTICAL MODE

	

LEFT

	

Β traces . The READOUT intensity control affects the
Α TRIGG ER SOURC E

	

LEFT VERT

	

brightness of only the readout portion of th e CRT d isplay .
HORIZONTAL MOD E

	

Α

3 . Follow the procedu re given in the delaying sweep
time-base u nit's Instruction Manual to obtain α stab le
delayed-sweep display .

4 . Set HO R IZONTA L MOD E to 'Α ' to obtain an 'Α
I ntensified by Β ' d isplay ; set HO RIZO NTAL MOD E to'Β '
to obtain α delayed -sweep display ; or use 'ALT' or 'CHOP'
HO RIZONTA L MODE to d isplay the inte n sified and
delayed disp lays at th e same time .

When operating in the delayed-sweep mode, there is
no special display relationship between the vertical
and horizontal plug-ins (as for independent pairs
operation) regardless of the vertical mode selected.

Χ -Υ Display

ΝΟΤΕ

The following procedure will provide an Χ -Υ display
(one signal versus another rather than against time) .

1 . I nstall 7A-series amp lifier units in both the LEFT
VERT and Β HO R IZ compartments . (Note : Time-base
units may be used in either or both compartments if they
provide for amplifier-mode operation .)

2 . Connect the Υ -signal to the LEFT VERT amp lifier
input and connect the Χ-signal to the Β HOR IZ amp lifier
input .

3 . Press the LEFT VERT button of the VERTICAL
MODE switch and the Β button of the H ORIZONTAL
MODE switch.

4 . Advance the Β I NTENSITY control until α d isplay is
visible . (if display is not visible, press BEAM F I ND ER
switch and ad j ust the deflection factors of both am plifier
u nits un til d is play is reduced i n size both vertically and
horizo ntally ; center the compressed d isplay with the

I
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D ETAI LED OPERATING I NFORMATION

ΝΟΤΕ

When using α delaying time-base unit in the Α HORIZ
compartment in conjunction with α delayed time-base
unit in the Β HORIZ compartment, the contrast
between the intensified and non-intensified portions
of the Α sweep is dependent upon the setting of the
Α ΙΝΤΕΝ con trol. The higher (further ιω) the Α
ΙΝΤΕΝ setting the smaller the contrast between the
intensified and non-intensified portions of the trace.

To protect the CRT phosph or, do not turn th e intensity
controls h igher than necessary to provide α satisfactory
d isplay . (Remember that the light filter red uces the
apparent light output from the CRT. When u sing these
filte r s, avoid ad vancing the intensity too high .)

If the beam-intensity controls are advanced to α point
where the C RT beam current exceed s α potentially
damaging level for more than about ten m illiseconds,
protection circuitry automatically limits the beam cu rrent
to α safe level . The current is limited to an even lower level
when ope rating in an Χ -Υ mod e, or if eit h er time-base unit
is set to α slow-sweep rate (even if the time-base u nit with
slow sweep rate is not selected for d isplay by the
HO RIZONTAL MODE switch) . Th is reduces the danger of
damaging the C RT phosphor with α stationary or slowly
movi ng spot . Since beam-current limiting does not take
effect un til after about ten milliseconds, the full display
intensity is availab le for most single-shot uses .

Display Focus

This instrument contains an automatic-focusing circuit
which maintains optimum focus for all intensity setti ngs
after correct setti ng of the FOCUS control is established .
The easiest way to obtai n correct setting of the FOCUS
control is to set the READO UT intensity control so the
readout portion of the d is play is clearly visible . Then adj ust
the FOCU S control for best definition of the readout
display . If th is i n strument does not contain the R eadout
System (Option 1), set the FOC US control for best
definition of α CRT d isplay at low intensity settings .
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Astigmatism-Focus Adjustments

	

Control Illumination Switch

ι
ι

1f α well-defined d is play cannot be obtained with the

	

The CONTROL ILLUM switch on the rear panel
FOCUS control, adju st the ASTIG adjustment as follows:

	

determines wheth er or not the pushbutton switches on the"

NOTE

	

7704Α and the associated plug-in units are illuminated.

To check for proper setting of theΑSTIG adjustment

	

Trace Alignment Adj ustment
slowly turn the FOCUScontrol through the optimum
setting. If the ASTIG adjustment is co rrectly set, the

	

If α free-runni ng trace is not parallel with the horizontal
vertical and horizontal portions of the display will

	

graticule lines, set th e TRAC E ROTATION adjustment as
come into sharpest focus at the same position of the

	

follows:
FOCUS control. This setting of the ASTIG adju st-
ment should be co rrect for any display.

	

Position the trace to the center horizontal line and
adju st the TRAC E ROTATION adj ustment so the trace is

1 . Use the special jum per lead to connect one of the

	

parallel with the horizontal graticule lines.

CA L I BR ATOR pin j acks to the input of the vertical unit .
Adjust the vertical d eflection factor to prod uce α two- or

	

Graticule
three-division d isplay .

The CRT graticu le is internally marked on the CRT
faceplate to provid e accurate, no-parallax measurements .

2. Set the time-base unit for α sweep rate of 0.2

	

The graticule is d ivided into eight vertical and ten h ori-
millisecond/division. Set th e I NTENSITY control so the

	

zontal d ivisions . Each d ivision is one centimeter square

	

'
d is play is at normal intensity (about midrange) .

	

(except fo r Option 4, wh ich uses α 0.5 centimeter division) .
In add ition, each major d ivision is d ivided into five minor
d ivisions at the center vertical and h orizontal lines. The

3 . Turn the FOCUS control fully counterclockwise and	vertical

	

gain and horizontal timing of the plug-ins are

	

,
setthe ASTIG ad justment to midrange.

	

calibrated to the graticule so accurate measurements can be
made from the CRT . Th e illumination of the graticule li nes
can be varied with the GRAT I LLUM control .

4. Adjust th e FOCUS control so the top and bottom of
the disp layed squarewave are as thin as possible but not

	

NOTE
elongated .

Two types of crt gratίcules have been used in some
Tektronix oscilloscopes. One graticule has 0% and

5 . Set the ASTIG ad justment so th e top and bottom of

	

100% rίsetίme reference poin ts that are separated by
the displayed

	

6 vertical gratίcule divisions. The other gratίcule has
squarewave are as thi n as possible .

	

the 0% and 100% rίsetίme reference points separated
by 5 vertical divisions In your manual, illustrations

6. Repeat steps 4 and 5 for the best overall focus.

	

of the crt face or rίsetίme measurement instructions
may not co rrespond with the gratίcule markings on

Beam Finder

	

your oscilloscope.

The BEAM FI NDER switch helps locate α d isplay wh ich

	

Fig .

	

1-3 shows the graticule and defines the various
overscans the viewing area vertically or horizontally . When

	

measurement lines . The terminology defined here will be
the

	

BEAM

	

F I NDER

	

switch	is

	

pressed ,

	

the d isplay

	

is

	

used in all d iscussions involving graticule measurements .

	

'
compressed and d efocused with in the graticule area . To
locate and reposition an overscanned display, use the

	

Light F ilters
following procedure :

	

The tinted filter prov ίded ωίt" the standard instrument
minimizes light reflections from the face of the CRT to

	

'
h

	

h d' Ι

	

d h'
1 . Press the BEAM F INDER switch Wh ile thed isplay is.

hcompressed , ch ange the vertical and horizontal deflection

	

ι mprove contrast ω eπ νι ~ωιηg t e

	

ιsρ αγ υη er

	

ιg

factors un til th e vertical deflection is about two d ivisions

	

ambient light conditions . This filter should be removed for

high and the h orizontal deflection is about four divisions

	

waveform ph otographs or when viewing h igh writing rate

	

'

wide (the horizontal deflection need s to be red u ced only

	

d isplays. To remove the filter, pull outward on the bottom
when in th e Χ -Υ mod e of operation),

	

of the plastic CRT mask and remove it from the CRT.
R emove th e tinted filter (leave the metal light sh ield in

	

'
2 . Adjust the vertical and horizontal position controls

	

place) and snap the p lastic CRT mask back into place . Α
to center the d is p lay on the graticule .

	

clear p lastic faceplate protector is mounted between the
CRT faceplate and th e bezel . This faceplate protector

3 . Release the BEAM F I NDER switch ; the d is play

	

should be left in place at all times to protect the CRT*
should remain with in the graticule .

	

faceplate from scratches .
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1-div 5 εΙίν 9-div
line

	

line

	

line

NEEME

NONE I
00 IM

MEN

Fig . 1-3 . Graticule measuremen t lines .

Readout

NO ΤΕ

Cente r
Horizontal

li ne

An optional mesh filter is available at extra cost
(inclu ded with Option 3) . Th is filter provides sh ield ing
again st rad iated EMI (electro-magnetic interference) from
the face of the CRT. It also serves as α light filter to make
the trace more visible und er h igh ambient light cond itions .
The mesh filter fits in place of the plastic C RT mask and
the tinted filter . The filter can be ordered by T EKT RONIX
Part No . 378-0603-00 .

If the Readou t System is not installed in th is
instrument (Option 1), disregard the following
information.

The R ead out System provid es an alphanumeric d isplay
of informatio n on th e CRT along with the analog waveform
d isp lays . The information d isplayed by the R ead out System
is obtained from the p lug-i n units installed in the plug-in
compartments . The characters of the readout d is p lay are
writte n by the CRT beam on α time-sh ared basis with the
sig nal waveforms .

The R eadout Mode switch (located behind the righ t si de
panel of the Acquisition U nit, see F ig . 1-4) determines the
operating mode of the Readout System . When th is switch is
i n the "FR" ( F ree R un) position, th e Read out System
operates in α free-runn ing mode to rando m ly interru pt the
waveform d isplay to disp lay characters . The waveform
disp lay is interru pted for only about 20 microsecond s for
each character that is d is p layed .

Operating Instructions-7704A Operato rs

F ig . 1-4. Location of Readout Mode switch (b eh ind right side
panel) .

In th e "Gated " positio n , the R eadout System is locked
out so no ch aracters are d is played during the sweep . At the
end of th e sweep , the R eadout System is triggere d and α
complete frame of all applicable read out words is displayed .
The trigger for the Readout System in th e Gate Trig'd
position is produced from the sweep gate selecte d by the
Gate switch (located on same board as Readout Mode
switch) and is the same as the gate signal connected to the
rear panel + GAT E connector . Α time-base unit must be
installe d in the selecte d horizontal compartment .

The readout i nformation from each p lug-in is called α
word . Up to eight words of read out i nformation can be
d isp layed on the CRT (two channels from each of the four
p lug-in compartments) . The location at wh ich each readout
word is presented is fixed and is directly related to the
p lug-in unit a nd channel from wh ich it originated . F ig . 1-5
shows th e area of the graticule wh ere the readout from each
plug-in unit and/or channel is d isplayed . Notice that the
readout from ch annel 1 of each p lug-in u nit is d isp layed in
th e top d ivision of th e graticule and the readout from
channel 2 is d isp layed directly below in the bottom division
of the graticule . Only the read out from p lug-ins and/or
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L eft V ertical Ι

	

Right Vertical

	

Α Horizontal

	

Β Horizontal
Channel l

	

Ch annel 1

	

Channel 1

	

Ι

	

Channel l
--

There are 20 possib le combinations of VERTICAL
MODE and HORIZONTAL MODE switch settings . The
total possible number of display combinations is further
multiplied by the variety of plug-in units available for use
with th is instrument, the interchangeab ility of p lug-ins (i .e .,
an amp lifier or time-base unit can be installed in either of
the vertical or horizontal compartments), and by the
capabilities of th e p l ug-in un its which are used in the
instrument (e .g . r α dual-trace vertical unit can be used in

-'--

	

'

	

-~-

	

either of the two single-channel modes, in either dual-trace
Left Vertical

	

R ight Vemcal

	

Α H orizontal

	

Β Ηο 1 ίτοηταΙ
Channel z

	

Channel 2

	

Ch αηπe Ι 2

	

Channel 2

	

Ι

	

mode or added algebraically; α delaying time base may be
ι_

	

I

	

-

	

-____ I

	

~- _ _ ι_-_ L_

	

Ι

	

used	either for α normal sweep or for delayed sweep).
L

	

J

	

Therefore, it is d ifficult to list all of the d isplay
combinations which can occur using the 7704Α and its

F ig . 1-5 . Location of readout on the CRT identifying the

	

p lug-in units. Table 1-1 lists the combination of
originating plug-in and channel.

	

VERTICAL MOD E and HORIZONTAL MOD E switch
positions availa b le and the type of d isplay provide d with
each combination. For further information on operation i n

chan nels which a re selected for d is play by the MOD E	each position of t h e VERTICA L MOD E and
switches, appear in th e readout d isplay . (Some special

	

HORIZONTAL MOD E switch positions, seethe following
purpose plug-in u nits may over-ride the mod e switch es to

	

sectio n s on Vertical Mode and Horizontal Mode .
d isplay read out even though the compartment is not
selected for waveform disp lay .)

	

TABLE 1-1

An "identify" feature is provided by the R eadout
System to li nk the read out word with the origi nating

	

VERTICAL HORIZONTAL
p lug-in unit and channel (amp lifie r units only) . When the

	

MOD E

	

MODE	Comments
"Id entify" button of an amplifier unit is pressed , the word
IDENTI FY appea rs in the reado ut location allocated to

	

LEFT

	

Α

	

One t race. gletίυη1 ; hori-

that

	

plug-in

	

and

	

channel. Other

	

readout words

	

in the

	

tion from sin

	

units;
remain unchanged . When th e "Identify" button is

	

Β

	

zontal deflection from single
released , the readout d isp lay from th is plug-in channel is

	

unit.
again d isplayed . Circuitry may also be provid ed in the

	

ALT

	

Two traces . Vertical deflec-
amp lifier un it wh ich produces α noticeab le change in the

	

tion from single unit ; hori-
αηαΙοg waveform d is play to identify the associated trace

	

CHOP	zo ntal deflection from both
when the "Id entify" b utton is pressed (see the plug-in

	

units.
instruction manuals for details) .

ALT

	

Α

	

Two traces . Vertical deflec-
tion from both un its; hori

The READOUT control d etermines the intensity of only

	

Β

	

zontal d eflection from single
the readout portion of the d isplay, independent of the

	

unit.
other traces . The R eadout System is i noperative in the fully

	

ALT

	

Two traces . Vertical d eflec-
counterclockwise OFF position . This may be desirable

	

tion from both units; hori-
when the top and bottom d ivisions of the graticule are to

	

CHOP	zontaldeflection from both
be used for waveform d isplay, or when the trace interr up -

	

units. Provides independ ent-
tions necessary to d is play ch aracters interfer with the

	

pairs operation between the
waveform d isplay . LEFT VERT and Β HORIZ

p l ug-ins and the R IGHT
NOTE

	

VERT and Α HORIZ plug-
ins.

If the instrument is to be operated with the Readout

	

tCombinatio ns given fo r si ngle-channel vertical and horizontal units
System board removed, the center conductor of

	

only .

1-12

J2004 (on Main Interface Board) must be grounded.
Failure to make th is wiring change will resu lt in
timing error, particularly at fast sweep rates .

Vertical and H orizontal Mode Switch Logic

Display Combinations'



ι
VERTICAL HORIZONTAL

- MODE MODE Comments

ADD Α One trace. Vertical deflec-
tion is algeb raic summation

Β

	

of both units; horizo ntal d e-
flection from single un it.

ALT

	

Two traces . Vertical deflec-
tion is algeb raic summation

CHOP	ofboth u n its; horizontal d e-
flection from both un its .

CHOP

	

Α

	

Two traces . Vertical d eflec-
tion from both units ; hori

Β

	

zontal deflection from single
u nit .

ALT

	

Four traces . Vertical d eflec-
tion from both units; hori

CHOP	zontal deflection from both
units.

RIG HT Α

	

One trace. Vertical d eflec-
tion from single unit; hori

Β

	

zontal d eflection from single
unit .

ALT

	

ωο traces . Vertical deflec-
tion from single unit ; hori

CHOP	zontal deflection from both
units.

Vertical Modes

ι

TABLE 1-1 (cont)

Left or Right Modes . Wh en the LEFT or R IGHT button
of the VERTICAL MOD E switch is pressed , only the signal
from the plug-in unit in the selected compartment is
d is played .

Alternate Mode. The ALT position of the VERTICAL
MOD E switch produ ces α d isplay wh ich alternates between
the LEFT VERT and RIGHT VERT compartments with
each sweep of the CRT . Although the ALT mode can be
used at all sweep rates, the CHOP mode provid es α more
satisfactory d is play at sweep rates below about 20
millisecond s/division . At these slower sweep rates,
alternate-mo de switch ing becomes perceptible .

Alternate Mod e d isp lays have three types of triggering
available . Wh en the Α and Β TRIGGER SOURCE switches
are set to the VERT MODE positions, each sweep is

'

	

trigge red by the signal being d isplayed on the CRT. This
provides α stable d isp lay of two unrelated sig nals, bu t does
not ind icate the time relationsh ip between the signals . In

i eith er the LEFT VERT or the R IGHT VERT positions of
'

	

the TRIGGER SOURCE switches, the two signals are

Operating Instructions-7704A Operators

d is p layed showing true time relationsh ip. However, if the
signals are not time related , the d isplay from the p l ug-in
wh ich is not provid ing α trigger signal will be unstab le on
the CRT .

When the ALT vertical mode is selected and either the
ALT or CHOP buttons of th e HORIZONTA L MODE
switch are pressed , the instrument operates in the
independent-p airs mod e . Under th is cond ition, the LEFT
VERT un it is always d isplayed at the sweep rate of the Β
HORIZ time-base unit, and th e R IGHT VERT unit is
d isplayed at the sweep rate of the Α HOR IZ time-base unit
(non-delayed sweep only) . Th is results in two d isplays that
have completely independent vertical deflection and sweep
rate . This d is play is equivalent to the d isp lay obtai nable
with α dual-beam oscilloscope for most repetitive d isplay
combinations.

If d elayed -sweep operation is used with this Mode, α
d ifferent sequence is d isp layed . First, the LEFT VERT unit
is d isplayed at the sweep rate of the Α HOR IZ time-base
u nit (d elaying sweep ) and then at the sweep rate of the Β
HOR IZ time-base unit (d elayed sweep) . The vertical d is play
then shifts to th e R IGHT VERT un it and its signal is
d isplayed consecutively at the delaying and delayed sweep
rate .

Chopped Mode (Vertical) . The CHOP position of the
VERTICAL MOD E switch produces α d is play wh ich is
electronically switched between channels at α one-
megahertz rate . In general, the CHOP mod e provides the
best d isplay at sweep rates slower than about 20
millisecon d s/division or whenever dual-trace, single-s hot
phenomena are to be d isplayed . At faster sweep rates the
cho pped switching becomes apparent and may interfer with
the d isplay.

ΝΟΤΕ

An internal Chop . Freq. switch (mounted on the
lower-left co rner of the Main Interface board) can
be set to provide α vertical chop rate of either
100kHz or 1 MHz. The 100 kHz rate is provided for
other systems using the Α7704 Acquisition Unit (the
bottom half of the 7704Α ) . For normal operation of
the 7704Α, this switch should be left in the 2 MHz'
position .

When the Α or Β T RIGGER SOUR CE switches are set to
VERT MODE , internal trigger signals from the vertical
p lug-ins are algebraically added and the time-base units are
triggered from the resu ltant signal . The LEFT VERT or
RIGHT VERT trigger source positions trigger the time-base
units on th e internal trigger signal from the selected vertical
unit only . This allows two time-related signals to be
d is p layed showing true time relation sh ip . (If the signals are
not time-related , the d isplay from the channel which is not
provid ing the trigger signal will appear unstable .)
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The CHOP mode can be used to compare two single-
shot, transient, or random signals which occur within the
time inte rval determined by the time-base unit (ten times
selected sweep rate) . To provid e correct t riggering, the
display which provides the trigge r signal mu st precede the
second display in time . Since the signals show true time
relationship, time-difference measurements can be made
from the d isplay .

Algebraic Add ition . The ADD position of the VERTI-
CAL MODE switch can be used (1) to d is play the sum or
difference of two signals, (2) for common-mode rejection
to remove an undesired signal, o r (3) for DC offset
(applying α DC voltage to one chann el to offset the DC
component of α signal on the other channel) . The common-
mode rejection ratio between the vertical plug-in compart-
ments is at least 10 :1 at 150 megahertz . The rejection ratio
increases to 100 :1 at 20 megahertz .

Horizontal Modes

Alternate Mode . The ALT position of the HOR I-
ZO NTA L MOD E switch produces α display which alte r -
nates between time-base units after each sweep on the C RT.
Although the ALT horizontal mode can be used at all
sweep rates, the CHOP horizontal mode provides α more
satisfactory d isplay at sweep rates below about 20
millisecond s/division . At slower sweep rates, the switching
between the alternate-mode traces becomes apparent and
may interfere with correct analysis of the d isplay .

ΝΟΤΕ
The overall deflection on the CRT in the ADD mode is

	

This instrument will not operate in the AL Tpositionthe resultant of the algebraic addition of the signals from

	

of the HORIZONTA L MODE switch if either hori-the two vertical pl ug-in un its. It is d ifficult to determine the

	

zontal plug-in compartment is left vacant.voltage amp litude of the resultant display un less the
amplitude of the signal app lied to one of the plug-ins is
known . This is particula rly true when the vertical un its are
set to d ifferent deflection factors, since it is not obvious

	

The Α and Β I NT ENSITY controls allow individ ual
which po rtion of the display is α result of the signal app lied

	

adjustment of the t races produ ced by the time-base un its in
to either plug-in unit . The polarity and repetition rate of

	

the Α HO R IZ and Β HO R IZ compartments . Co rrect
the applied signals also affect the ADD d isplay .

	

triggering of both time-base units is essential to obtaining
the correct d isplay in the ALT horizontal mod e . If either of
the time-base u nits d oes not receive α correct trigger, and

The following precautions should be observed when

	

therefore, does not produce α sweep, the other un it cannot
using the ADD mode :

	

produ ce α sweep either . This means that one time-base unit
cannot begin its sweep until the previous unit has com-

1 . Do not exceed th e inpu t voltage rating of the p lug-in

	

pleted

	

its entire display . This can

	

be

	

avoided

	

if the
un its .

	

time-base un its are set for auto-mode triggering (sweep free
runs if not correctly triggered) . See 'Trigger Source' for
operation of the Α and Β T RIGG ER SOUR CE switches .
Also, see 'Vertical Trace Separation' for information on

2 . Do not apply large signals to the plug-in inputs . Α

	

position ing the Β HO R IZ display when i n the ALT
good rule to follow is not to apply α signal more than about

	

dual-sweep mode .
eight times the vertical d eflection factor . Fo r example, with
α vertical deflection factor of 0.5 volt/division, the voltage
applied to that plug-in should not exceed fou r volts . Larger
voltages may result in α d istorted d isplay .

	

Chopped Mode (Horizontal) . When the CHOP button of
the HORIZONTA L MOD E switch is pressed , the display is
electro n ically switched between the two time-base un its at
α 2 megahertz rate . In general, the CHOP horizontal mode

3 . To ensur e the greatest dynamic range in the ADD

	

provides the best d isplay when either of the time-base units
mod e, set the position controls of the p lug-in units to α

	

is set to α sweep rate slower than about 20 millisecond s/
setting which would result in α mid-screen display if viewed

	

d ivision . It also provides the best display when the two
in the LEFT or R IG HT positions of the VERTICAL MODE	time-base units are set to widely varying sweep rates . In the
switch .

	

CHOP horizontal mode, equal time segments are displayed
from each of the time-base units . This provides α d isplay
wh ich does not change greatly in intensity as the sweep rate

4 . For similar response from each cha nn el, use i dentical

	

of one of the time-base units is reduced (in contrast to A LT
plug-ins and

	

set the plug-in u nits for the same input

	

horizontal mode operation wh ere the slowest trace tends to
cou pling .

	

be the brightest) .

ι
Α and Β . When eithe r the Α or Β button of the

H ORIZONTAL MODE switch is pressed , th e signal is -
d isp layed at the sweep rate of the selected time-base unit .
Set the applicable intensity control and trigger source
switch for the d esired display .

ι
ι
ι
ι
ι

ι
ι
ι
ι
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NOTE

	

If correct triggering for the desired disp lay is not
obtained in the VERT MODE position, the trigger source

An internal Chop. Freq. switch (mounted on the

	

for either the Α ΗΟR ΙΖ or Β HO R ΙΖ time-base u n it can be
lower-left corner of the Main Interface board) can

	

changed to obtain the trigger signal from either the LEFT
be set to provide α horizontal chop rate of either

	

VERT or R IGHT VERT plug-in. The internal trigger signal
200kHz or 2 MHz. The 200kHz rate isprovided for

	

is obtained f rom the selected ve rtical compartment whether
other systems using the Α7704 Acquisition Unit (the

	

the plug-in in that compartment is selected for d is play on
'

	

bottom half of the 7704Α). For normal operation of

	

the CRT or not . If th e internal trigger signal is obtainedthe 7704Α, this switch should be left in the 2 MHz'

	

from one of the vertical u nits but the other vertical unit is
position.

	

selected for d is play, the i ntern al trigger signal must be
time-related to the d isplayed signal in order to obtain α
triggered (stable) display.

The Α and Β INTENSITY controls allow individual
ad justment of the i ntensity of the traces produced by the
time-base units in th e Α HORIZ and Β HORIZ compart-

	

I ntensity Modulation
ments . Triggeri ng is not as critical in the CHOP horizontal

	

NOTEmode as in ALT since only the trace from the υη-triggered
'

	

time-base unit is missing from the display if one of the units

	

The rear-panel Z-AXIS INPUT connector and cable
is not triggered properly . The other trace will be presented

	

are part of the Signal Buffer Assembly, so are not
in

	

the normal manner . See 'Trigger Sou rce' . Also, see

	

available if this assembly has been deletedby Option
'V ertical Trace Separation' for information on positioning

	

2.
'

	

the trace prod uced b y the Β HORIZ unit in relation to the
trace from the Α HOR ΙΖ unit .

I ntensity (Z-axis) modulation can be used to relate α
third item of electrical phenomena to the vertical (Y-axis)

Vertical Trace Separation

	

and the horizontal (X-axis) coordinates without affecti ng
the waveshape of the disp layed signal . Th is is accomplished

When one of the dual-sweep horizontal modes is

	

by ch anging the i ntensity of the d is p layed waveform to
selected, the VERT TRAC E S EPARATION ( Β ) control

	

provide α "gray scale" d is play .
allows the trace produced by the Β HORIZ sweep to be
positioned above or below the trace produced by the Α
HORIZ sweep . To use the control, first position the trace

	

The voltage am plitude requi red fo r visib le trace modu-
produced by the Α HORIZ p l ug-in unit . Then adjust the

	

latio n depends on the setting of the INTENSITY controls .
VERT TRACE SEPARATION ( Β ) control to move the

	

Lower amplitude signals can be used to only change the
trace produced by the Β HOR IZ plug-in unit away from the

	

trace brightness. N egative-going signals increase the display
Α HORIZ display . If both waveforms are larger than four

	

intensity and positive-going signals decrease the display
d ivisions in amplitude, the d is plays can only be positioned

	

intensity .
so th ey d o not directly overlap since each waveform cannot
be positioned to α un ique area of the CRT.

The sh arpest d isplay is provid ed by signals with α fast
rise and fall ; bandwidth for th is mode of intensity

Trigger Source

	

mod ulation is DC to 10 megahertz, with input voltage
derating necessary above two megahertz . The maximum

The Α and Β T R IGGER SOUR CE switches select the

	

input voltage in th is mode sh ould be limited to 15 volts
i nternal trigger signals for the Α HO R IZ and Β HOR IZ

	

(DC p l us peak AC) .
time-base units. For most app lications, these switches can
be left in the VERT MODE positio n . This position is the
most convenient since the internal trigger signal is auto-

	

Time markers app lied to the Z-AXIS I NPUT provide α
matically switched as the VERTICAL MOD E switch is

	

d irect time refe rence on the display . W it h un cali brated
changed or as the display is electronically switched between

	

horizontal sweep or Χ -Υ mod e operation, the ti me markers
'

	

the LEFT VERT and RIGHT VERT p lug-ins in the ALT

	

provid e α means of read ing time directly from the d isplay.
position of th e VERTICAL MODE switch . It also provides

	

If the markers are not time-related to the d is played
α usab le trigger signal in the ADD or CHOP positions of the

	

waveform , use α si ngle-sweep d isplay.
VERTICAL MOD E switch , si nce the internal trigger signal
in these modes is the algebraic sum of the signals app lied to
the vertical p l ug-i n units. Therefore, the VERT MODE

	

Calibrator Outputpositio n ensu res th at th e time-base units receive α trigger
signal regard less of the VERTICAL MODE switch setti ng

	

The internal calibrator provid es α conven ient signal fo r
without the need to ch ange the trigger sou rce selection.

	

check ing basic vertical gain and sweep tim i ng. The cali-
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brator signal is also very useful for ad j usting probe
compensation as d escribed in the probe instruction manual .
In addition, th e calibrator can be used as α convenient
signal source for application to external eq uipment .

Voltage . The calibrator provid es accurate output volt-
ages at th e CA L con nectors from forty millivolts to four
volts in d ecad e steps into h igh impedance load s . In
addition, it provides from 20 millivolts to 0.4 volt into α
50-ohm load .

Current . Th e optional current loop, when plugged into
the 4 V and GN D connectors, provides α 40-milliam pere
output current which can be used to ch eck and calibrate
current-measuring probe systems . The current sign al is
obtained by clipp ing the probe around the current loop .

Repetition R ate . The repetition rate of the calibrator is
one k ilohertz . The calib rator circuit uses frequency-stable
com ponents to maintain accurate freq uency and constant
d uty cycle . Thus the calibrator can be used for checking the
basic sweep timing of time-base units (one-kilohertz rate
only) .

Wave Shape . The squarewave output signal of t he
calibrator can be used as α reference wave shape when
checking or ad justing the compensation of passive, h igh-
resistance probes . The sq uarewave output from th e cali-
brator h as α flat top so any d istortion in the dis played
waveform is due to the p robe com pensation .

Signal Outputs

1- 1 6

ΝΟΤΕ

ι

F ig. 1-6 . Location of Sweep and Gate switches (beh ind right si d e-
panel) .

	

101

d ivision, α un it of tim e is one m illisecond; at five

	

,
millisecond s/division, α unit of time is five m illiseconds) .
The peak output voltage is greater than 500 millivolts into α
50-ohm load or greater th an 10 volts into α one-megohm
load .

If the 7704Α is ordered with Option 7, the Signal
Bu ffer assembly will not be installed in the instru-

	

+ Gate. The + GAT E output connector provides α
ment and the + SAWTOOTH, + GATE, and VERT

	

positive-going rectangular output pulse from the time-base
SIG output signals described below will not be

	

units in the horizontal plug-in compartments . The Gate
available, along with the Z-AXIS INPUT and

	

switch (located beh i nd th e right side pa nel ; see F ig . 1-6)
REMOTE RESET INPUT features described in the

	

allows th e o u tput sign al to be selected from the time-base
Operating Instructions,

	

u nit in the Α HO R IZ compartment, Β ΗΟR ΙΖ compart-
ment, or the delayed gate from α delayi ng time-base unit in
the Α HORIZ compartment . Duration of th e gate output

+ Sawtooth . The + SAWTOOTH connector provides α

	

signal is th e same as the d uration of the respective sweep or,
positive-going samp le of the Sawtooth sig nal from the

	

in the case of the delayed gate, it starts at t h e end of the
time-base units in the horizontal plug-in compartments . The

	

delay period and lasts until th e end of the sweep from the
i nternal Sweep switch (locate d beh ind righ t sid e panel ; see

	

delaying time-base unit . A mplitude of the output signal at
F ig . 1-6) allows th e output Sawtoot h to be selected from

	

the + GATE connector is about 0.5 volt i nto 50 ohms or
th e time-base u nit in either the Α HORIZ or Β HORIZ

	

about 10 volts into one megohm .
compartments . Rate of rise of the Sawtooth output sig n al is
about 50 millivolts/u nit of time into α 50-ohm load or
about one volt/un it of time into α one-megohm load . Unit

	

Vertical Signal . The VE RT SIG OUT connector provides
of time is determined by the time-base time/division switch

	

α samp le of the vertical deflectio n signal . The source of the
(e .g ., if time/divisio n switch is set to one millisecond/

	

output signal at th is connector is determined by the Β

ι
ι
ι

ι



T RIGGER SOURCE switch . In the VERT MOD E position
of the Β TRIGGER SOURCE switch , the output signal is

' determined by the setting of th e VERTICA L MODE
switch . The output signal in th e LEFT and RIGHT
positio ns of the VERTICAL MODE switch is obtained only
from th e selected vertical unit . In the ALT position of the
VERTICAL MODE switch , the outpu t signal at the SIG
OUT connector switches between vertical units along with
the CRT display . However , the vertical output signal in the
CHOP position is α composite signal and is the same as
obtained in the ADD position due to the requirements of
the triggering system . The LEFT VERT and R IGHT VERT
positions of th e Β TR IGGER SOURCE switch provide the
vertical output signal only from the selected vertical unit
even when it is not selected for display .

The output voltage into α 50 ohm load is about 25
millivolts/d ivision of CRT d isplay and about 0.5 volt/
d ivision of disp lay into α one-megohm load . The bandwidth
of the output sig nal is determined by the vertical p l ug-in
unit wh ich is used (see Systems Specification given in
Section 2) .

Probe Power

NOTE

The Probe Power circuit is mounted on the Character
Readout assembly, so it is not available if the
Readout System is not installed (Option 1) .

The two PROBE POWER connectors on the rear panel
of th is in strument p rovide operating power for active probe
systems. It is not recommended th at these connectors be
u sed as α power source for applications other than the
compatib le probes or oth er accessories wh ich are specifi-
cally designed for use with th is system .

Remote Single-Sweep R eset (Deleted by Option 7)

R emote single-sweep reset operation can be provided to
713-series time-base units with com patib le features through
rear-panel connector J3320 . The remote single-sweep reset
actuation can be obtained from either an active system
(pulse generator, logic circu it, etc.) or α passive system
(switch or relay) . Requi rements for remote single-sweep
reset operation are:

Signal required :

	

Closure to ground (with in -5 to
+0 .5 volt) from α positive level .

M aximum current

	

10 milliamperes .
requ ired :

Minimum pulse

	

10 microseconds at 50 ο/ο amplitude
width:

	

points.

Maximum input

	

15 volts (DC + peak AC) .
voltage :

Display Photography

Α permanent record of the CRT disp lay can be obtained
with an oscilloscope camera system . The instruction
manuals for th e TEKTRONIX Oscilloscope Cameras
include comp lete instructions for obtaining waveform
photograph s.

The CRT bezel provides integral mounting fo r α
TEKTRONIX Oscillosco pe Camera . The th ree p i ns located
on the left side of the CRT bezel connect power to
compatible camera systems. Control signals are also
received from TEKTRONIX automatic cameras to allow
camera-controlled single-shot photog raph y (see camera
manual fo r further information) .

If the readout portion of the display is to be included on
waveform photographs, the following suggestions will aid i n
obtai n ing good photographs.

1 . Focus th e oscillosco pe d isplay and the camera on the
readout portion of the CRT display . The auto-focus feature
in this instrument will maintain the traces at optimum
focus.

2. Set the READOUT intensity control fo r α minimum
setting that allows th e ch aracters to be written . Th is
normally occurs at α slightly lower intensity level than is
necessary for complete writing of the waveform display.
Some experimentation may be necessary to estab lish the
correct level . Too h ig h α setting of the READOUT intensity
control will resu lt in α broad , poorly defined phtotograph of
the readout display .

3 . If single-s hot photography is used, set the R eadout
Mode switch to th e Gate Trig'd position (see R eadout for
complete operating information) . Then, the readout is
d isplayed in α single-s hot man ner after the trace is complete
(be sure the camera shutter remains open at least 0.5
second after the sweep is completed to photograph the
entire readout) . Also, set the GRAT I LLUM control
counterclockwise while the trace is being photographed .
Then, the graticule can be photograph ed later to produce α
double-exposure pictu re showing complete information .
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APPLICATIONS

	

Time-Base Plug-Ins

The 7704Α Oscilloscope and its associated p l ug-in units
make up α very flexible measurement system with capabil-
ities dependent mainly on the plug-ins; typ ical combi na-
tions are d escribed below . See page 0-00 for sim plified
instructions for setting up some of the basic d isplays .

M ore specific applications are described in the I n struc-
tion Manual of the ind ividual plug-i n s; or see your current
Tektronix, Inc. catalog for other plug-ins wh ich m ight
become available after th is manual was printed. Contact
your local TEKTRONIX Field Office or representative for
assistance in mak ing measu rements not covered otherwise .

Vertical Amplifier P l ug-Ins

other sweep rate.

Although any 713-series p l ug-i n unit can be used in the
7704Α to provide sweep sig nals for th e d isplay, the sweep
rates and triggering range of the 71370 Time Base and the
71371 Delay Time p lug-in units make them especially
su itable for most 7704Α time-base requ irements .

To provid e delayed -sweep display s using two time-base
units, α 'Delaying Time Base' or 'Dual Time Base' un it must
be inserted in th e Α HORIZ compartment, and any
713-series can be used in the Β HORIZ compartment. Α
delayed-sweep d is play can also be provided by only one
horizontal p lug-in in either horizontal compartment if α
Dual Time Base p l ug-i n (such as th e 71392) is used . Th is
leaves the other horizontal compartment available for other
p l ug-ins as suggested later in this section .

The switching logic circu its in the 7704Α and its plug-ins

	

X-Y Operation
allow up to four ind ivid ual signals to be d isplayed on the
CRT at one time . Several comb inations of vertical plug-ins

	

In some applications, it is desirable to display one signal
provid ing such d isplays are listed b elow ; horizontal sweep	versusanother (X-Y) rather than against time (internal
units for the displays are d escribed later.

	

sweep ) . T he flexibility of the plug-in u nits availab le for use
with the 7704Α provides α means for app lying an exte rn al
signal to the horizontal deflection system for this type of

Single-Trace. Any single-c hannel amplifier can d isp lay α

	

d is play.
single signal, with the sweep provided by any 713-series time
base p lug-in . This combi nation leaves two unused compart
ments available for other un its (e .g ., 7D13 Digital Multi-

	

Some of the 713-series time-base units can be operated as
meter or α 7D14 Digital Co u nter) . B lank plug-in panels are

	

amplifiers in add ition to their normal use as time-base
available to cover any u nfilled plug-in compartments .

	

generators. Th is feature allows an external signal to provide
th e horizontal deflection on the CRT . For most of the

Dual-Trace. Α single Dual-Trace Amplifier (7 Α12 or

	

time-base units with the amplifier function, the Χ (hori-
7Α 18, for example) in either vertical compartment can

	zontal)signal can be connected either to an external input

prod uce α d isplay of two separate signals with the other

	

connector on the time-base unit or it can be routed to the

vertical compartment free for other uses . The same d isplay

	

time-base unit through the internal triggering system (see

can also be generated by two si ngle-channel amp lifiers,

	

time-base instruction manual for d etails) . If the latter

using both ve rtical compartments . The two units can be the

	

method is used , the Α and Β T R IGGER SOURCE switches

same type, or can be mixed to offer different input and

	

must be set so that the Χ ( horizontal) signal is obtained

d

	

from one of the vertical units and the Υ (vertical) signal isdisplay configurations.

	

obtained from the other vertical unit . The advantages of
using the internal trigger system to provide th e Χ signal are

Th ree-Trace. Α Dual-Trace 7Α 12 or 7Α 18 can be used

	

that the attenuator switch of the amplifier un it provid ing
with any single-ch annel amplifier to provide α plot of three

	

the horizontal signal determines the horizontal d eflection
separate signals .

	

If two

	

sweep	plug-insare used

	

i n the

	

factor to allow full-range operation and the p lug-in units do
horizontal compartments, two signals can be d is played at

	

not have to be moved between compartments when X-Y
one sweep rate wh ile the oth er signal is displayed at the

	

operation is desired .

Four-Trace . Two dual-channel 7Α 12's or 7Α 18's can be
used to provide α display of four separate signals . If one

	

Another method of obtaining an X-Y d isplay is to install
sweep plug-in provides the sweep signal for the displays, all

	

an amp lifier p l ug-in unit in one of the horizontal plug-in
fou r signals will be displayed at the same sweep rate .

	

compartments (check amplifier unit gain as given in the
plug-in instruction manual to obtain calibrated horizontal

If two sweep plug-ins are used , the LEFT VERT signals

	

d eflection factors) . This method provides the best X-Y
can be d is played at the Β HO RIZ sweep rate and the

	

d is play, particularly if two identical am plifier un its are
R IGHT VERT signals d is p layed at the Α HORIZ sweep	used. For further information on obtaining X-Y displays
rate .

	

see th e p l ug-in unit manuals .
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Raster Displays

Α raster-type d is play can be used to effectively increase
the apparent sweep length . For th is type of d is play, the
trace is deflected both vertically and horizontally by
sawtooth signals . This is accomplished in the 7704Α by
installing α 713-series time-base unit in one of the vertical
p l ug-in compartments . Normally, the time-base un it i n the
vertical compartment shou ld be set to α slower sweep rate
than the time-base unit in the horizontal compartment; the
number of horizontal traces in the raster depend s upon the
ratio between the two sweep rates.

I nfo rmation can be d is played on the raster using several
d iffe rent methods. In the ADD position of the VERTICA L
MODE switch, th e sig nal from an amplifier unit can be
algebraically added to the vertical deflection . W it h th is
method , the vertical signal amplitud e on the CRT should
not exceed the d istance between the horizontal lines of the
raster. Another method of d isplaying information on the
raster is to use the Z-AXIS I NPUTS to provide intensity
modulation for the d is play. This type of raster d isplay
could be used to provide α television-type d isplay.
Comp lete information on operation using the Z-axis feature
is given u nder I ntensity Modulation.

To provide α stable raster d isplay, both time-b ase units
must be correctly triggered . Internal triggering is not

` provid ed for the time-base units when they are in the
ve rtical compartments ; external triggering must be used .
Also, b la nk ing is not provided from the time-base units
when they are installed in α vertical compartment. To blank
,out the retrace portion from the time-base unit i n the
ve rtical compartment, special connections must be made
from this time-base unit to the blank ing network of the
7704Α .

Sampling Displays

The sampling-system p l ug-ins for the 7000-series oscillo-
scopes provide displays of fast-changing signals that cannot
be exami ned in any other way. For example, sampling
system s availa b le for the 7704Α can resolve repetitive
signals having less than 10 millivolts of peak amplitude and
occuring in less th an 1 nanosecond .

The techn ique used for sam pling is very similar in
principle to the use of stroboscopic light to stud y fast
motion . Samples of successive waveforms are taken, amp li-
fied by relatively low-bandwidth amp lifier, and finally
shown on the cath ode-ray tube to plot α graph that is α
replica of the sampled waveform .

Two sampli ng systems are available at th is time for the
7704Α: (1) the 7S12, which provid es time-domain--
reflectometer d isplays and/or general-purpose measure-

ments; and (2) the 7S11/7Τ 11 systems described below.
See your current TEKTRONIX catalog to determine the
characte ristics of the individual units mentioned below, and
of add itional units made available after th is manual was
written .

Single-T race Sampling . Α single-trace sampling d isplay
requ ires eith er α doub le-width 7S12 (wh ich includes α
time-base), or the 7511 (verticaliι Samp li ng Un it and the

7T11 Sampling Time Base . Direct interconnections between
the 7511 and the 7T11 req ui re these units to be ad jacent,
with the 7511 in the R IG HT VERT compartment and the
7Τ11 in the Α HO RIZ compartment. When the 7512 is
used, it must be located in the same two midd le compart-
ments to make the proper connections to the 7704Α.

Dual-Trace Sampling . Two 7S11's can be used with α
single sampling-time-base unit for time-related displays of
two signals . Direct inte rconnections from the LEFT VERT
7511 pass through the R IGHT VERT 7511 to reach the Α
HORIZ time-base unit .

Dual-trace sampli ng d is plays can also be made by α 7512
in the two middle compartments, with α 7511 i n the LEFT
VERT compartment. In th is application the 7512 su pplies
the time-base for both traces .

Χ-Υ Sampling . Two 7S11's mounted in the R IG HT
VERT compartment and the adjacent Α HO RIZ compart-
ment automatically share α 50 kH z free-running strobe
condition fo r Χ-Υ d is plays .

Single-Trace Sampling with Single-Trace R eal Time . Α
p ai r of real-time p lug-ins can be used with α 7512 or α pair
of sampling plug-ins for convenience in applications
req uiring frequent use of both types of displays . (Th is
capability is unique to the four-plug-in oscilloscope
system .)

Special Purpose P lug-ins

Digital Cou nter and Multimeter Plug-Ins. The 7D13
Digital Multimeter plug-in measures DC current and voltage,
temperatu re, and resistance ; the 7D14 Digital Counter
p lug-i n measures frequency from DC to above 500 MHz.
Both plug-ins use the readout system of the oscilloscope to
d isp lay the measurement i nformation on the CRT, ind e-
pendently of any graph ic d is p lay on the CRT. They can
functio n i n any compartment in combination with each
oth er or with any other p l ug-ins available for the 7000-
series oscillosco pes, provided that the C RT provides α
readout display (Option 1 not specified ) .
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The ability of these digital plug-ins to operate with other

	

d isp lay

	

showing

	

the basic characteristic curves for the

	

,

plug-ins makes it possible to process and monitor the signal

	

device being tested . Stepped sweep signals from an internal

at the same time the digital measurement is being made .

	

power supply are applied to thedevice; the resulting output
signals are, in turn, applied to the horizontal and vertical
deflection systems of the oscilloscope to p lot α family of

For examp le, by locating the counter in one of the

	

characteristic curves . This plot can be used to check for
vertical compartments and α vertical amplifier in the other,

	

damaged transistors and diod es, to select for special or

the CRT can show the 7D14 trigger waveform super-

	

matched characteristics, and to calculate gain, leakage,
imposed	onthe

	

incoming signal, to indicate the actual

	

breakdown voltage, g m , etc.
triggering point . For another example, if the counter is
placed in α h orizontal compartment, α low-amplitude signal
can be app lied to α vertical amplifier and amp lified before it

	

Spectrum

	

Analyzer

	

Plug-in .

	

The

	

71_12

	

S pectrum
is internally routed by the trigger source switches to the

	

Analyzer d isplays the applied signal's amp litude dispersed
7D14 trigger circuit . This allows the 7D14 to be used on

	

over α 30O Hz to 3 MHz portion of the RF spectrum
signals too small to trigger other counters .

	

extending from 1 MHz to 1 .8 GHz. Absolute signal energy

	

'
is plotted on the vertical axis against frequency on the
horizontal axis . Applications include waveform and dis

Transistor-Curve-Τrace Plug-in. The 7CΤ 1 Ν C urve Tracer

	

tortion analysis, EM Ι and random noise measurement, filter

checks small-signal transistors and d iodes by producing α

	

design, spectrum surveillance, etc.

1-Ζυ

ι
ι

ιι
ι
ι
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ι
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S PE CI F ICATIO N

Many of the measu rement capabilities of th is instrument

	

Isolation Between Vertical Compartments :
are determi ned by the ch oice of p l ug-in units. The
characteristics apply to the 7704Α Oscilloscope only . See

	

DC to 100 MHz: At least 100 :1
'

	

the system specifications in Table 2-2 fo r characteristics of
the complete system .

	

200MHz: At least 50 :1

ι

VERTICAL DEFLECTIO N SYST EM

Difference between vertical compartments : 1 ο/ο or less

L inearity, Low Frequency : 0.1 d ivision or less
compression or expansion of center-screen two-d ivisio n
signal wh en positioned anywhere with in the graticule area

Bandwidth-Varies with vertical plug-in ; see System
Specifications in Table 2-2 .

Step Response ( R isetime)-Varies with vertical plug-in;
see System Specifications

Vertical Display Modes-Selected by front-panel
VERTICAL MOD E switch :

LEFT: Left p l ug-in compartment only

ALT : Dual-trace ; alternating between vertical plug-in
compartments

ADD : - Both vertical plug-in compartments added
algebraically

CHOP : Dual-trace; chopped between ve rtical plug-in
compartments

Section 2-7704Α Operators

Trace Separation Range (D ual-trace d isplays) : Β trace
can be positioned above and below Α trace

ELECT RICAL PERFORMANCE
REQUIREMENTS

TRIGGER I NG
Th is instrument will meet the electrical characteristics

I :

	

-A fοΙΙοωίηg complete cαΙίbrαtίοη αsg ίνeη ίη the Serνίce

	

Τr ίgger Sou rce-Selected by front-panel Α TR IGGER
Manual .

	

These

	

electrical

	

characteristics apply over an

	

SOURCE and Β TRIGGER SO URCE switches :

ambient temperature range of 0°C to +50°C, except as
otherwise indicated . Warm-up time for given accuracy is 20

	

VERT MOD E : Signal b eing d isplayed as determined

m inutes.

	

by VERTICAL MODE switch ; trigger signals are add ed
algebraically when VERTICAL MODE is in CHOP or
ADD

LEFT VERT : Left vertical p l ug-in compartment only
Deflection F actor-Com patib le with all 7-series plug-i n

"units

	

R IGHT VERT: R ight vertical plug-in compartment
l

	

only

HORIZONTAL DEFLECTION SYSTEM

Deflection Factor-Compatible with all 7-series plug-in
units

Difference between Α HORIZ and Β HORIZ
compartments : 1%ο or less

F astest Calibrated Sweep Rate : 2 ns/d iv with 71370; see
Table 2-3 for sweep rates with other time-base plug-ins

Display Modes-Selected by front-panel HORIZONTAL
MODE switch :

Α : Α HOR ΙΖ p l ug-in compartment only

ALT: Dual-sweep, alternating between horizontal
compartments

CHOP : Dual-sweep, chopped between horizontal
compartments

Β : Β HORIZ plug-in compartment only

R IG HT: R ight plug-in compartment only

	

Phase Sh ift when using identical plug-ins: <2 ο at 50 kHz
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Waveshape : Positive-going sq uarewave with baseline at
zero volts

2-2

Voltage Output-

Into 1 Megohm : 40 mV , 0 .4 V, and 4V at front-panel
p i n jacks; 4 mV and 40 V available to front panel via
internal connections

I nto

	

50

	

Ohms:

	

20mV,

	

0.2V,

	

and

	

0.4V

	

at
front-panel p in-jacks; 2 mV available to fron t-panel via
internal connection

Current Output : 40 mA availab le with current loop
accessory 012-0259-00 connected between 4 V pin-jack and

	

Output Resista nce, Nominal : 950 oh ms
grou nd

Accuracy (Voltage and Current Amplitud e) :

+15° C to +35°C : W it hin 1% of specified value

0°C to +50°C : W ith in 2ο/ο of specified value

R epetition R ate-

+15°C to +350 C : 1 kHz, ±0.25%

0°C to +50°C: 1 kH z, ±0.5 ο%ο

CALIBRATOR

	

VERT MOD E : Signal being d isplayed (except in
VERT CHOP mode)

CHARACTER READOUT
(Deleted by Option 1 ; see page 2-4)

Characters Availab le : Any character encoded by 7-series
plug-in units

+ SAWTOOTH OUT
Readout Display Triggeri ng-

	

(Deleted in Option 7)

W ith Signal B uffer (triggering determined by internal
Read-Out Mod e switch) :

Gated : Triggered at end of selected sweep gate

FR : Free-runn ing (independ ent of sweep)

W ithout Signal Buffer, as deleted by Option 7 :

F ree-runn ing only (independ ent of sweep)

	

Amp litude :

SIGNAL BUFFER

	

50 Ohm Load : >0 .5 volt Ρ-Ρ
(Deleted in Option 7; see page 2-5)

1 Megohm Load : >10 volts Ρ-Ρ
VERTICAL SIGNAL OUTPUT

(Deleted in Option 7)

LEFT VERT: Vertical signal output of LEFT VERT
p lug-in compartment

RIG HT VERT: Vertical signal output of R IGHT
VERT plug-in compartment

Voltage Output-

Into 50 Ohm Load : 25 mV/division of display, ±10°%ο

I nto 1 M egohm Load : 0.5 V/d ivision of display, ±10%

Z-AXIS INPUT
(Deleted in Option 7)

Sensitivity : 2 volts Ρ-Ρ signal provides trace modulation
over fu ll intensity range

Minimum Pulse Width : 30 na noseconds at 2 volts
provides usab le intensity modulation

Input Voltage- 91

Maximum : ±15 volts (DC + peak AC)

Polarity: Positive-going signal reduces trace intensity

DC Input Resista nce : 500 ohms,±10%

Source-Selected by intern al Sweep Selector switch-

A: F rom Α HOR IZ p l ug-in compartment

Β : From Β HORIZ p lug-in compartment

Output Signal-

Source of Signal-As determined by Β TRIGGER

	

Polarity (I nto 1 Megohm Load) : Positive-going with
SOURCE switch :

	

base line at ze ro volts ±1 volt

ι

ι

ι
ι
ι

ι



ι
R ate of R ise

	

REMOTE RESET INPUT (Single Sweep)
(Deleted in Option 7)

50 Ohm Load : 50 millivolts/unit of time', ±15% R eset Α & Β Sweeps : R equ ires closure to grou nd within

1 Megohm Load : 1 volt/unit of time', ±10%

	

-5 volts to +0.5 volts from positive level; must sink 10
milliamperes

'

	

Output Resistance, Nominal : 950 oh ms

I

	

Source-Selecte d by i nternal Gate Selector switch :

A

Β : F rom Β ΝΟ R ΙΖ plug-in compartment

	

Accelerating Potential : 24 kilovolts total

Dly'd : From delayed sweep of α d ual or delaying
time-base p lug-in in Α HORIZ plug-in compartment

Output Voltage-

50 Ohm Load : 0 .5 volts, ±10%

1 Megohm Load : 10 volts, ±10%
Size :

Output Resistance, Nominal : 950 ohms

	

W it h Standard CRT : 8 χ 10 cm

W it h Maximum-Brigh tness CRT (Option 4) : 4 χ 5
R isetime: <20 nanoseconds (into 50-ohm load)

	

cm (Size red uced to provide h igher writing speed and
to increase visibility of low-rep-rate high-speed

' Un it of time selected by time base ΤΙΜΕ/DIV switch.

	

signals)

ι
ι
ι

Standard (8 χ 10 cm)

Option 4 (4 χ 5 cm)

ι
WWtth T EKTRONIX Writi ng Speed Enhancer .

ι
2R egistered trademark of Polaroid Corp.

+ GATE OUT
(Deleted in Option 7)

Α : From Α HORIZ plug-in compartment

CRT

TABLE 2-1

Photographic Writi ng Speed in cm/ns-using Polaroid'
Type 410 roll film (10,000 A.S.A . rating)

Specification-7704A Operators

M inimum Pulse W i dth : 10 microsecond s at 50%
amplitude level

M aximum App lied Voltage : 15 volts (DC + Peak AC)

CTHODE-RAY TUBE (CRT)

Phosphor: Ρ31 (Ρ 11 optional at no extra charge)

Graticule : Internal ; edge-illumi nated with variable-
intensity lighting

Ρ31 Phosphor

	

I

	

P11 Phosphor

W it houtWithout

Camera

	

Ι

	

Fogging

	

Ι

	

Fogged3

	

Ι

	

Fogging

	

Ι

	

Fogged3

>5.0 >10.0C-27-R with f/1 .3 1 :0 .5 lens

	

>2.5

	

>5.0

	

0C-51-R with f/1 .2 1 :0 .5 lens

	

>3.5

	

>7.0

	

>7.0

	

>14.
C-52-R with f/1 .4 1 :1 lens

	

>1 .4

	

>2.8

	

>2.8

	

>5.6

C-27-R with f/1 .3 1 :0 .5 lens

	

>3.7

	

>7.4

	

>7.4

	

>14.8
4 >10.4 >20.8C-51-R with f/1 .2 1 :0 .5 lens

	

>~5.2

	

>10.
C-52- R with f/1 .4 1 :1 lens

	

>2 .1

	

>4.2

	

>4.2

	

>8.4

2-3
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L i ne Voltage Range-Selected by rear-panel L ine Selector
switch-

115 Volts Nominal : 90 to 132 volts RM S

230 Volts Nominal : 180 to 264 volts RMS

Line F req uency Range : 48 to 440 hertz

Power Consumption (Maximum) from 60-hertz 115-volt
line : 180 watts, 2 .5 amperes

Short Circuit Protection : F old -back current limiting for
all supplies except Control Illumination

Probe Power (Deleted if 7704Α is ord ered with Option
1) :

2-4

Maximum Power available to each probe connector:

100 m illiamperes from each supply (-15 volts, +5

	

Deletes

	

Readout

	

System

	

and

	

Probe

	

Power.

	

circuit .
volts, +15 volts)

	

Operation of the instrument is unchanged except that there
is no alphanumeric d isp lay on the CRT and active probes
must use an accessory power supply .

ENVI RONMENTA L CHARACTER ISTICS

Tem perature R ange-

Operating : 0° C to +50°C

Non-operating: -55° C to +75°C

	

Option 3

Warm-up Time for Rated Accuracy : 20 minutes

Maximum Altitude- Any unused pl ug-in compartments must also be covered
with an EMI sh ielded blank pl ug-in panel in o rder to meet
the EMI interference specifications. Order or use Tektronix
Part No . 016-0155-00 only . One is required for each un used
compartment. This applies whether the mainframe was
ordered as an Option 3 or modified with the appropriate
EMI Con version Kit .

E lectro-magnetic I nterference (EMI)-When eq uipped
with Option 3, meets interference requirements of
M I L-1-6181D as follows:

	

Option 3 can be added at any time by ordering the EMI
M od ification Kit 040-0612-00.

R ad iated I nterference : W it h in M I L-1-6181D limits
from 150 k ilohertz to 1000 megahertz

Replaces the standard CRT with α one-half scan C RT
(four by five centimeter graticule area) to provide maxi

Conducted I nterference : W it hin M I L -1-6181D limits

	

mum trace br ightness and optim um photograph ic writing
from 150 kilohertz to 25 megahertz

	

speed .

Operating : 15,000 feet

Non-Operating : 50,000 feet

POWER SUPPLY

	

PHYSICAL CHARACTER ISTICS

Ventilation-Safe operating temperature maintained by
convection cooling

F i n ish-Anod ized front panel ; blue vinyl-painted
aluminum cab inet

Overall Dimensions ( measu red at maximum points)-

Height: 13.6 inches (34 .5 cm )

W id th : 12 .0 inches (30 .5 cm)

Length : 22 .7 inches (57 .7 cm)

N et Weigh t (instrument without plug-ins)-30 pounds

Option 1

I NSTRUMENTOPTIONS

The Readout System and Probe Power functions can be
added at any time by ordering the Readout Conversion K it
040-0613-00.

P rovides E lectro-Magnetic Interference (EMI) shield ing
to meet M I L -1-6181D lim its for rad iated interference from
150 k ilohertz to 1000 megahertz, and fo r conductedinterference from 150 kiloh ertz to 25 megahertz .

Option 4

ι
ι

ι
ι
ι
ι
ι
ι

ιι
ι
ι
ι
ι
ι
ι
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Option 7

	

Option 9

Specification-7704A Operators

Ad j usts vertical circuit performance to extend sine-wave
Deletes the Signal Buffer sub-assembly . Operation of the

	

respon se to 250 MHz ( upper -3 dB) when 7Α19 is used ;
instrument is unchanged except that Vertical Signal Out,+

	

+15°C to +350C .
Sawtooth Out, + Gate Out, Ζ-Axis I nput, and Remote
R eset Input circuits are no longer provided . In add ition , the

	

STANDARDACCESSORI ES
R eadout display cannot be trigge red at the end of the

	

1

	

P in-to-BNC Cable

	

175-1178-00sweep but will free-run instead . The circuits d eleted by
Option 7

	

can

	

be added at any time by ordering the

	

1

	

Operators Manual

	

070-1402-00
I nputs/Outputs Kit 040-0619-00,

	

1

	

Service Manual

	

070-1260-00

SYSTEM ELECTR ICAL CHARACTER ISTICS

System Environmental Specifications. Operating temperatu re range is from 0°C to +5ρ°ς . O perating altitude to 15,000 feet .
Nonoperati ng to 50,000 feet .

TABLE 2-2

VERT SIG

	

Accuracy4
Plug-in

	

Min Defl

	

OUT

	

W it hout I

	

W ith
Amplifier

	

Performance Feature

	

Factor

	

Bandwidth

	

Risetime Bandwidth

	

Probe

	

Probe

'

	

7Α 11

	

Low Capacitance Built-In

	

5mV/d iv

	

170 MHz

	

2.1 ns

	

70 MHz

	

2°/ο (I ntegral)
FET Probe Am p lifier

	

180 MH z'

	

2.0 nss
7Α12

	

Dual-Channel Amplifier

	

5mV/d iv

	

105 MHz

	

3.4 ns

	

60 MHz

	

2%

	

3% (P6053)
with DC Offset

7Α13

	

Differential DC Offset,

	

1 mV/div

	

100 MHz

	

3.5 πs

	

60 MHz

	

1 .5%

	

1.5% (P6053)
High-Freq CMRR Amplifier	65 MHz

	

5.4 ns

	

50 MHz

	

1 .5%ο

	

1.5%ο (Ρ6055)
7Α14

	

AC Cu rrent Probe Amp lifier

	

1 mA/div

	

50 MHz

	

7.0 ns

	

40 MHz

	

2.0% (Ρ6021)
(2 Current Probes)

	

105 MHz

	

3.4 ns

	

55 MHz

	

2.0% (P6022)
7Α15Α,

	

Low-Cost Conventional I nput

	

5mV/div

	

75 MHz

	

4.7 ns

	

55 MHz

	

2%

	

3% (P6053)
7Α15ΑΝ

	

Amplifier with Χ10 Gain

	

(0.5 mV/div)6	3% (Ρ6054)
3°/ο ( Ρ6061)

7Α16

	

W ide-Bandwidth Conventional

	

5mV/d iv

	

160 MHz

	

2.2 πs

	

70 MHz

	

2°/ο

	

3°/ο (Ρ6053)
Input Amp lifier

	

170 MH z'

	

2.1 ns'
7Α 17

	

Low-Cost, Easy to Customize

	

50mV/div

	

150 MHz

	

2.4 ns

	

15 MHz

	

Adjustab le
50 Ω Input Amplifier

7Α 18,

	

Dual-Channel Amp lifier

	

Ι

	

5 mV/d iv

	

Ι

	

80 MHz Ι

	

4.4 ns

	

Ι

	

55 MHz
7Α 18Ν

2%

7Α19

	

W id e-Bandwidth	10mV/d iv

	

200 MHz

	

1 .8 ns

	

80 MHz
50-ohm I nput Am plifier

20 mV

	

iv

	

250 MH z'
7Α22

	

DC-Cou p led , High-Gain	10μV/div

	

1 MHz

	

350 ns

	

1 MHz

	

2°/ο

	

2°/ο (Any)
Differential Amp lifier

	

±10°/ο

	

±9°/ο

	

±10°/ο

2°/ο

3°/ο (Ρ6053)
3°/ο (Ρ6054)
3°/ο (Ρ6061)
3% ( Ρ6056)
3% ( Ρ6056)

4Αεευ rαεγ pe rce ntages apply to all deflection factors . P l ug-in gain m ust be set at the deflection factor designated on each pl ug-in . When α probe
is used , the gain must be set with the cali bration signal applied to the probe tip . The calibration signal is supplied by an extern al calibrato r
whose accuracy is within 0.25%

'Obtained with 7704Α Option 9 f+20 0C to +360c) .

6 Obtained with Χ10 gain at reduced bandwidth of 10 MHz.
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TABLE 2-3

	

TABLE 2-4

Time Base Plug-Ins

	

Special Purpose and Samp li ng Plug-Ins

Max
Time Performance Sweep Triggering
Base

	

Feature

	

Rate

	

Freq Range

7 Β50 I Delayed Sweep &

	

I

	

5 ns/div
I
DC to 100 MHz

E xt Amplifier

7 Β51 Ι Delaying Sweep	1

	

5 n s/d iv I DC to 100 MH z

7 Β52 I Delayed &

	

1

	

5 ns/d iv Ι DC to 100 MH z
Mixed Sweep s

7Β53ΝΙ Delayed &

	

1

	

5 ns/div Ι DC to 100 MHz
M ixed Sweep s

7 Β70 I Delayed Sweep &

	

I

	

2 ns/div
I
DC to 200 MHz

E xt Amp lifier

7 Β71 I Delaying Sweep	1

	

2 ns/div Ι DC to 200 MHz

7 Β92 I Display Switch ing

	

1

	

2 n s/d iv Ι DC to 250 MH z

Plug-in

7CT1 N

7D13

71314

7L 12

7Μ 11

7511

7512

7Τ11

Performance Feature

Low Power Semiconductor Curve
Tracer

Measures: Temperatur e, Voltage, Cu r-
rent, and Resistance

Directly Gated Counter to 525 MHz

1 MHz to 1 .8 GHz Spectru m Analyzer

H igh Quality Dual Delay Line

Accepts Plug-in Samp ling Heads

TD R and Sampling Applications

R andom or Sequential ; Equivalent or
R eal-Time Sampling



MANUAL CHANGE INFORMATION
At Tektron ix, we continually st rive to keep up with latest electronic developments

by adding ci rcuit a n d component im provements to our instruments as soon as they
a re developed and tested .

Sometimes, due to pr i nting and shipping requ irements, we can't get these
c han ges immediately i nto printed manuals. H ence, your manual may contain new
c han ge i nformation on following pages .

Α single change may affect several sections . Since t h e change informatio n sheets
are carried in the manua l until all changes are perma nently entered , so me
duplication may occur. If no such change pages appea r following this page, your
manual is correct as p ri nted .

SERVICE NOTE

Because of the un iversal parts procurement problem, some electrical parts in your
in st rument may be different from those desc r i bed i n the Replaceable E lectrical Parts
List . The parts used will in no way alter or compromise the p erformance or reliability
of this instru ment . They are installedwhen necessa ry to ensure prompt delivery to
the customer . Order replacement parts from th e Replaceable Elect rical Parts List .



CALIBRATION TEST EQU IPMENT REPLACEMENT
Calibration Test Equipment Chart

This chart compares ΤΜ 500 prod uct performa nce to that of older Tektronix equipment_ Only those
characteristics where sig n ificant specification differen ces occur, are listed. In some cases th e new inst rument
may not be α total function al replacement . Add itional support instrumentation may be needed or α ch ange in
calibration procedure may be necessary .

DM 501 replaces 7D13

PG 506 replaces 106

REV. Α , OCT 1975

067-0502-01

Compa rison of Main Characte ristics

PG 501 replaces 107

	

PG 501 - Risetime less than 3.5 ns into
50 Ω .

108

	

PG 501 - 5 V output pulse ; 3 .5 ns Risetime .
111

	

PG 501 - R isetime less than 3.5 ns ; 8 ns
Pretrigger pulse delay .

114

	

PG 501 - ±5 V output .
115

	

PG 501 - Does not have Pai red , Bu rst, Gated ,
or Delayed pu lse mode ; ±5 V do
Offset . Has ±5 V outpu t .

PG 502 replaces 107
108

	

PG 502 - 5 V outpu t
111

	

PG 502 - Risetime less than 1 ns ; 10 ns
Pretrigger pu lse delay .

114

	

PG 502 - ±5 V output
115

	

PG 502 - Does not have Paired , Bu rst, Gated ,
Delayed & Undelayed pu lse mode ;
Has ±5 V output .

2101

	

PG 502 - Does not have Paired or Delayed
pulse . Has ±5 V output .

PG 506 - Positive-going trigger outpu t signal
at least 1 V; High Amplitud e out-
put, 60 V .

PG 506 - Does not have chopped feature .

TG 501 replaces 180,
180Α

	

TG 501 - Marker outputs, 5 sec to 1 ns .
Sinewave available at 5, 2, and 1 ns .
Trigger output - slaved to marker
output from 5 sec th rough 100 ns .
One time-ma rk can be gene rated at α
time .

181

	

TG 501 - Marker outputs, 5 sec to 1 ns . Sine-
wave available at 5, 2, and 1 ns .

184

	

TG 501 - Marker outputs, 5 sec to 1 ns . Sine-
wave available at 5, 2, and 1 ns .
Trigge r output - slaved to marker
output from 5 sec th rough 100 ns .
One time-mark can be generated at
α time .

2901

	

TG 501 - Marker outputs, 5 sec to 1 ns . Sine-
wave available at 5, 2, and 1 ns .
Trigger output - slaved to marker
outpu t from 5 sec th roug h 100 ns .
O ne time-mark can be gene rated at
α time .

107 - R isetime less than 3.0 ns into
50 Ω .

108 - 10 V output pulse ; 1 ns Risetime .
111 - R isetime 0.5 ns ; 30 to 250 ns

Pretrigger Pu lse delay .
114 - ±10 V output . Short proof output .
115 - Paired , Burst, Gated, and Delayed

pu lse mode ; ±10 V output .
Short-proof output .

108- 10 V outpu t .
111 - Riseti me 0.5 ns ; 30 to 250 ns

Pretrigger pu lse delay .
114- ±10 V outpu t . Short proof output .
115- Paired , Burst, Gated , Delayed & Un-

delayed pulse mode; ±10 V output .
Short-proof output .

2101 - Pai red a nd Delayed pulse ; 10 V
outpu t .

106- Positive and Negative-going trigger
output signal, 50 ns and 1 V; H igh
Amplitude outpu t, 100 V.

0502-01 - Comparator output can be alter-
nately chopped to α reference
voltage .

SG 503 rep laces 190,
190Α , 190Β

	

SG 503 - Amp litude range 5 mV to 5 .5 V ρ - p .

	

190Β - Am plitude range 40 mV to 10 V ρ - p .
191

	

SG 503 - Frequency range 250 kHz to 250 MHz .

	

191 - Frequency range 350 kH z to 100 MHz .
067-0532-01

	

SG 503 - Frequency range 250 kHz to 250 MHz .

	

0532-01 - F requency range 65 MHz to 500 MHz .

180Α - Marker outputs, 5 sec to 1 μs .
Sinewave available at 20, 10,
and 2 n s . Trigger pulses 1, 10,
100 Hz ; 1, 10, and 100 kH z .
M ultiple ti me-marks can be
generated simultaneo usly .

181 - Marker outputs, 1, 10, 100, 1000,
and 10,000 μs, p lus 10 ns sinewave .

184- Marke r outputs, 5 sec to 2 ns . Sine-
wave available at 50, 20, 10, 5,
and 2 ns . Separate trigger pu lses
of 1 and .1 sec ; 10, 1, and .1 ms ;
10 and 1 μs . Marker amplifier p ro-
vides positive or negative time
mar ks of 25 V min . Marker

i ntervals of 1 and .1 sec ; 10, 1,
and .1 ms ; 10 and 1 μ s .

2901 - Marker outputs, 5 sec to 0 .1 μ s .
Si newave available to 50, 10,
and 5 ns . Separate trigger pulses,
from 5 sec to 0 .1 μs .
Mu ltiple time-mar ks can be gene-
rated simultaneously .

NOTE : All TM 500 generato r outputs are short- p roof . All TM 500 plug-in instruments requ ire TM 500-Series Powe r Module .
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