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Genaral Information 

Section 1-7S14 

CHARACTERISTICS 

The Tektmnlx 7S14 Dual Trace M a y &  Sweep Sampler 
is a general purpuse sampling unit with a DE-1 000 MHz 
bandwidth. It will operate In any Tektrmlx 7000 Senes 
mainframe. Tha front panel tem~nology is similar to that of 
convent~nal mc~llosoopes. 

The 7514 has two time bases to provide "delaying" and 
"delaved sweep" 'ation. The ddaved sweep starts after 

mints i s  the product of the reading on the Delay Kme Mult 
dial t imes the Delaying Sweep W D i v  ming. 

Delay lines in the input signel channels permit display of 
the leading edge of the trigering waveform. The Auto 
Level m e  provides a bright baseline in the absence of a 
triggering signal. Other featurer indude 2mVldiv 
sensitiviw, low tangential noise, versatile tr~ggeting mpabil- 
itiss, a broad range of sweep rate, and crt  readout of both 
the attenuation and timing values. 

the sttlected delay lyntenral, giving the effect of a wide-range 
sweep operation. The delayed sweep starts after the The characterirtics given in the following Table applw over 
selected delw interval, giving the etfecf of a wide-range an ambient temperature range from O'C to +W*C after €he 
sweep magn~fier. The calibrated delay replam the "time imtrurnem has been =librated a t  + 2 5 ' ~  t 5 ' ~ .  Under these 
pos~tion" control fountl on most sampling time-base units. conditions, the 7S14 will pwform to the requirements given 

in the Performance Check section of this manual. 

The JS14 has a two dot time-interval mmsuremem 
method that prowdep a means of measuring the time The Supplemental information column of the Table 
b e e n  two mints on the "normal" (delaying) d~splav. A provides additional information about the operation of the 
brightened dot on the trace can be m ~ t ~ o n e d  to the start 7514. Characteristiu given in the Supplemental Infor- 
of the event to be measured. A second brlghtend dot an mation column are not requirements in zhernselves and are 
be pdsit~oned to the end of the event bv using the Delay not necessarily checked rn the Performance Check 
Time Mult control. The time interval between the two ~rocedure. 

ELECTRICAL CHARACTERI!XICS 

VERTICAL SYSTEM 
I I 

350 ps or Iesa, 10% to 90% of step pulse ] 
I1 

Step Aberrations +2%, -3%. total of 5% or Teps P-P within made with Tektronix 284 Pulse 
f i rs t  5 m after step transition;+l%. -3%. includes aberntiom from the 
totat of 2% or less P-P thereafrer. 

Bandwidth (-3 dB) I DC to 1 GHr or more. ( Calculmed from risetime. 

Accuracy I Within 23% (with VARIABLE a t  CAP]. I 

Input Reistance 

Deflection Factor 

50 within 2%. I 
2 mVlDiv to 0.5 VIDiv. 8 stew, 4-2-5 sequence. 

Maximum Operation 2 V P-P (DC +Peak AC] within a +2 V to 

-2 V window at any sensitivity. 

Variable 

Input Signal Range 

At least 251.  Extends urnlibrated deflection factor to I approximately 800 pV/Div. 

Maximum Overload *5 V. 
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ELECTRICAL CHARACTERISTICS {cont) 

VERTllGAL SYSTEM (mtF 

HORIZONTAL SYSTEM 

Delaying Tim Ease 
- 

Supplementd lnfwmation 

Source resistam is 10 k 0  N.).5%. 

When input signal i s  0.5 GHz sine wave. 

Chmrecterlstica name Raquir~nsnta 

DC Offset Range .I to -2 V or more. 

AT Range Shifts Channel I at least +1 ns to -1 m Range may be centered with internal 
with respect to Channel 1. adjustment. 

Displayed Hoise hangentiall 

Low Noiw Operation 

Venicd Signal Out 

Dot Slash 

lnterchannel Crosstalk 

Delayed Tlme Base 

2 mV or less, LOW NOISE switch "out". 

Displayed noise reduced by at least fiue 
times. 

0.2 VlDiv of deflsction *3%. 

Less than 0.1 Div at 10 Hz and above. 

-60 dB or less. 

Time Base Range 

T i m  Base Accuracy 

Delay Zero Range 

100 ps/Div to 10 nslDiv. 

Within *2%. excluding first 'h division of 
daplayed sweep. 

0-9 divisions or more. 

fime Base Range 

Accuracy 

Variable 

13 step, 1-2-5 sequence. 

No time mark btween 1st and &h 
divisions can be more than 02 divisions 
from the major division line when the 1st 
mark i s  set on the 1st division line. 

When Delay Time MultipIier is set to 
0.00, the 1st dot mn be moved past the 
9th gmticule line. 

Delay T~me Multiplier 
Time between dots. 

Delay Accuracy 

100 pdDiv to 1 W &Div. 

Within *3%, excluding first M division of 
displayed weep. 

At least 2.5:l. 

Within 1% of full scraen 110 crt divisiom) 
when measurement is m d e  between 1st 
and 9th m divisions. 

18 stem. 1-26 sequence. 

No time mark between i s t  and 9th 
divisions can be more than 0.3 divisions 
from the major divison tine when the 1st 
mark i s  set on the 1st divisim line. 

Extends uncalibrated TimelDiv to ap- 
proximately 40 ps/Div. 



ELECTRICAL CHARACTERISTICS (cont) 

HORIZONTAL SYSTEM (cant) . 

Charactsrlstim 

Triggering 

Delaying Time Base 

Delayed Time Base 

fime Base Display M& 

Performarm Requirements 

Conventional display, maxlrnum lead 
time. heft intensified dot indicates Time 
Zero [Multiplier Zero). Right intensified 
dot indicates point a t  wkich Delayed 
Sweep starts. Erne between dots is read 
from the crt or the Delay Time Multiplier 
dial. 

Delayed sweep display starts immediately 
a t  end of de lw time. Set by Delw Zero 
plus Delay Time Multiplier. Operates i n  
same manner as "run after delay" mode 
In wnventianal osciltoswws excem Time 
Zero i s  adiustable and ident i f id .  

NORMAL Triggered Mode 

Supplemn4m! Information 

Amplitude Range 

External 

Internal 

Input Resistance 

Jitter 

AUTO TRIG Mods (Auto baselinewhen not triggered) 

TO mV to 2 V ,  P-P. 

50mVto2V .P -P .  

51 within *lo%, AC coupled. 

Less than 40 ps wrth 50 mV, 5 m width 
trigger at external input. 

Less than 30 ps when internally triggered 
from 284 pulse. 

Sine waves 

Pulse 

Minimum Rise Rate 

Rate of rise, 10 mV/ps or faster. 

A t  Sampler Input (vertiml input signal). 
Rate o f  rise, 50 mVIvs or faster. 

150 kHz to 100 MHz. 

TO Hz to 100 MHz. 

10 mVIfis. 

Sine waves 

Minimum Amplitude 

Pulse 

Minimum Pulse Width 

Minimum Rise Rate 

t50 kHz t o  100 MHz. 

TO mV P-P at 100 MHz (Extl. 

t kHz to 100 MHz. 

70 nr  at 1 kHz. 

TO rnVlps. 

Auto baseline below 800 Hz. 



ELECTRICAL CHARACTERISTICS (cont) 

HOR IZOPITAL SYSTEM (contl 

HF SYNC Mode 

Characteristics 

Scan Controls 

Perfonnanm Requiremenls Supplernentd Information 

Free-Running Sync. Sine waves 

ENVIRONMENTAL CHARACTERISTICS 

100 MHz to 1 GHz. 

Repetitive 2540 Hz Repetition Rate. 

Chatscteristics 

Repetition rate barely into flicker rate. 
Controls must be set as follows: 
Low Noise Control, out; 
HF SYNC Control, in; 
Scan Control, fully CW; 
Holdoff control, fully CCW; 
Delaying sweep- 1 pslDiv or faster; 
Approx~mately 20 samples per div a t  low 
trigger or sweep rates. 

Dmcription 

Scan Rate is the same as set in Repetitive 
made. 

Scan control serves as an attenuator. Full 
stale s-n signal must run from OV to 
+lo V or more. 

Source resistance is 10 k n  withrn 20.5%. 

Single Sweep 

Manual 

Ext Scan 

Maximum Sensitivity 

Maximum Input V o l t a p  

Horizontal Output Signal 
Amplitude 

One sweep per Single Sweep Start burton 
depression. 

Scan control moves the spot over a 
slightly greater range than 10 divisions. 

1 VlDiv within k5%. 

t50V. 

1 VfDiv 15%. 

Temperaf ure 

Operating R a w  

Nonaperati- R a y  

O"C t o  + 5 0 " ~ .  

--40-C to t70°c. 

Altitude 

Operating Range 

Nan-perating Range 

T o  15,000 feet. 

70 50.000 feet. 

Vibration Range 

Shock R a w  

Transportation (Non-operating) 

To 0.025 inch peak-to-peak drsplacement at 55 cycles per second. 

To 30 g, %sine, 11 rn~llisemnds duration. 

Meets National Safe Transit Test Requirements. 



BASIC 
SEQUENTIAL SAMPLING PRINCIPLES 

Introduction 

Sampling provides the  means to display fast-changing 
signals of low amplitude tha  cannot be displayed in any 
other way. Ssmpllng overcomes the gainhandpass limita- 
tion inherent with conventional amplifiers and oscillo- 
mpss. It does so by displ~ing a real-time signal in 
"equivalent" time. Only the input stage of a sampler is 
subjected to the Input signal; all subsequent signal amplifi- 
ot ion takss place through relativel~ low bandwidth 
amplifiers. 

Sampling, howaver, does require repetitive input signals. 
Fortunately. most fractional-nanosewnd rrsetime signals 
exist In low implance enwlronmmts; thus they may be 
delivered dlreetly through 50 ohm ~ables to a 50 ohm load. 
They are wnwally low amplitude signals, so E 4  ohm 
atrenuators are used when the signal is more than one or 
two volts. 

There are three types of sampling: sequential. random, 
and real-time. The 7514 uses the sequential sampling 
method; this technique will be discussed in th i s  section of 
the manual. 

Equivalent-time Sequential Sampling 

me sampling system looks at the instantaneous ampti- 
tude of a signal during a specific small time period. 
remembers the amplltvde, and displays a single dot on the 
at that mrrespnds to the amplitude. The horizontal 
pxition of the dot represents the equivalent tlme when the 
sample was taken. After a dot i s  displayed for a fixed 
amount of time, the system again looks at the instanta- 
neous amplitude of a d~fierent wcle of the input signal. 

Each suwaseive look. or sample, i s  at a slightly later time in 
relation to a fixed point of eeeh sampled signal wde. After 
many cycles of the input signal, the sampling system has 
reconstructed and displayed a single facsimile made up of 
many aarnples, esch sample taken in sequenee from a 
different cycle of the input signal; thus, the term 
"sequential sampling". 

Because the reeonraucted signal is not curnplewd until 
long after the first signal wcle has occurred, it is not 
displayed in "real" time. The tlme displayed on the crt is 
termed "equivalent-time". Such a display ir shown in 
Fig. 2-1. The equivalent time between dots i s  determined 
by the time delay between the fixed point on the signal at 
which sweep triggering occurs and the point at which the 
$ample is taken, The real-time and equivalent-time relation- 
ship is depicted In Fig. 2-2. S~nce both time references 
(triggering and sampfing) are taken from the same wcle of 
the signal, the signal repetitions do not have to be Identical 
in amplitude, time duration, and shape. Periodic differen& 
in indluidual n/cla, however, will show as noise or jitter in 
the remnstructed display if the shape or amplitude changer 
from wcle to cycle. 

Tho number of dots per horizontal division in one wveep 
is called dot density. Sinm only one sample is taken from 
any particular input cvcle, the time needed to remnstrm a 
display depends on the dot dmsiw and the repetition rate 
of the signal, The greater the dot density and the slower the 
repetition rate. the longer the  time to construct the 
equivalent-time display. 

Sampling swterns haw maximum signal repetition rates 
a t  which samples a n  be taken and accurately display&. 
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I 

'T' Firn L m p h  M Bmpk TJun mt Nm Ssmpls 
T h n  Han thlr hint on Wmform Takm Here 

Fk. 2.2. Rd- t ime  and aquivslant-tlma r a l a l m l p .  

The primary limit is the time needed for the yertieal 
amplifiers to stabilize after a sample has been taken. For 
signals with a repetition rats higher than 30 kHz. the timing 
unit holds off retriggering for a maximun of approximately 
=as. This means thal a sample w ~ l l  not be taken from 
wery wcle of a high repetit~on rate signal: only those 
cycles are sampled that occur aftw the end of the trigger 
holdoff. If the s~gnal is truly repetitwe and each cycle is 
identical. these "mlssed" cycler ara of lirtle significance. 

Signals M o w  30 kHz may have mnsidwable repetitive 
rate jitter. but the ramfling oscillosmpe can still g~ve a 
sample of each cyde without d~splay jltter because trig- 
gering and sampling both occur on the same cycle. 

Vertical Functions 

The sampling oseillosmpe's vertieaf stages perform the 
same basic funaions as those in a nonsarnpling oscillo- 
mpe: i.e.. signal amplification and attenuation. Vertical 
signal delay is a l x ,  used to permit viewing a signal's leading 

edge. 

All the amplification md signal pr-sing in the 
mmpIing oscillosmpe {exmpt for the passive 50 ohm input) 
is done at relatively low frequencies. I t  is thts feature that 
makes the sampling oscilloscope unique i.n performance and 
design . 

Sampling begins with the input signal being hangad to 
stored, long duration, low frequency voltages mnsisttng of 
brief portions [samples) d the input. This change is nor a 
frequency conversion; rather, it is a different way to 
represent the input signal. 

The sampled enwgy is stored in a memory cirwit so that 
it stays Eonnant between samples. Each time a new sample 
is taken. the m m M y  i o  refreshed. The amount of sampled 
and stored energy represents the amplitude of the input 
signal when tha t  sample is displayed on the aZ. 

Vertical stages in a sampling cncillorcope include -me 
nut found in a nonsarnpling oscillosmpe. s u b  as a 
Sampling Gate, Blow-by Compensation, Preamplifier. 
Memoty Gate, Memory Amplifier and Feedback, and 
Memory Gatlng Generator. C~rcuit descrimions for these 
rtages appear in Section 5. In surnrnarv. stage purposes 
are: Sampling Gate samples brief portrons of the input 
signal; Blowby Compensation n u t l i f i ~  unwanted signal 
wupling; Preamplifier and Memory Amplifier and Feed- 
back keep the Sampling Gate output and Memory wnstant 
between samples. making the Sampling Gate output propor- 
tional to ~ts inpwt; the Memory Gate passer the sampled 
signal to  the Memory; and the Memory Gating Generator 
*urns on the two gates. 

An important mrt of the sampling proms is a sampling 
bop. This loop provides in-phase feedback of the sampled 
and memory mergy to the Sampling Gate output. The 
feedback forms a null-saeking servo loop tha  attempts to 
make a zero difference between the Sampling Gate input 
and output. 

When the gain of the fedback loop is unity, i t  
mrnpensates for the attenuation across the Sampling Gate. 
In this m e .  the feedback voltage equals the value of the 
sampled input signal voltage. When the loop gain is Iss than 
unlty, the feedback voltage 1s less than necessaw to 
equalize the voltage across the gate. The Memory output 
and feedbadr w~l l  then approad the signal asymptotimlly 
after several samples have been taken. The Memory output 
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is effectively a rnovmpl auerap of several preceding samples. 
When the loop p i n  is greater than unity, the feedbad 
voltage IS greater than the Sampling Gate input signal. The 
result~ng crt display of a step signal input wi l l  alternately 
ovetshoot and undershoot for a few samples. For the least 
display d~stortion. the loop gain must be unity, allowing the 
system t o  hack  the input signal as closely w pss~ble .  

A loop w i n  of less than unity can be useful. i f  the 
resulting wndi t ion  is undrnstood and the system is oper- 
ated properly. Random noise in the display is reduced when 
loop wrn IS less than unity, srnce several mnserxltlve 
samples are averaged. The averaging, however. wi l l  slow the 
risetime of an abrupt step signal depending on the  number 
of dots in the step transition and how much kss than unity 
the loop $am may be. Averaging wi l l  also reduce the 
amplrtude of a sine wave if there are not  enough dots per 
cycle. 

When the memory gats is own, it paras the sampled 
signal and charger e capacitor i n  the memory gate output. 
This stored charge remains essentially Eonstant until an- 
other sample is taken. T h e  memory output is not reset to 
zero after a given sample, but is held at the level o f  the 
previous sample by  the feedback signal. 

I n  the memory gate output there is a LO NOISE control 
mat reducss the random no15e seen al high sensitivities. The  
function of t h ~ s  control is known as "smoothing," i n  that it 
smoothes or averages several mnsecutiw samples. A check 
for whether smoothing is producing any distortion is 
ammplished by  incxeaslng the number o f  dots i n  the 
display with the SCAN mntro l  and observing whether there 
is any signlfimnt change in the waveform. 

Fig. 2-3 shows the usual effects of smoothing for two 
different sampling densities (sampling density or dot 
density is the number of samples or dots per horizontal 
division). 

'Displayed 

Fig 2-3. Equiualant.tlms display with and without umrohinq fw twdit fersnt  aampliq densities 
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The signal out of the memory gate gets, amplrfied by the 
memory circuit. Each change i n  voltage at the memory 
output is  a step change proportional in amplitude t o  a step 
at the input t o  the prearnplrf~er. 

On sampling systems havrng two input channels, such w 
the 7S14, there are two  sets of sampling-loop crrcuits. The 
w t p u t  from each of the memories is fed to a channel 
swrtchrng multivibrator that selecfs which output each dot 
represents, sa that either channel can be displayed, or so 
that both channels can be displaved, as two traces, by 
alternating outputs with each successive dot. 

Horizontal Functions 

The Horizontal system provides deflection volrage for 
the cn display and s~multaneously mntrols the time a t  
which the vertical system samples the input signal. The 
system us- (1) a 1 G H t  trigger cwcurt, (21 two fast ramps 
for either Delaying sweep or Delayed sweep operation, (3) a 
combination scan ramp and staircase generator to provrde 
horizontal deflect~on and a comparison level fo r  the fast 
ramps. (4) two intensified positronable dots to provide an 
accurate dial readilut for trme measurements and (5) a 
delay generator to provide strobe d r~ve  to the two  vertical 
channels so thar the signal st one input channel may be 
sampled mnsistenrly earher than, later than, or coincident 
with the signal at the other Input 

The sampl~ng oscillosc+lpes's horizontal sweep IS pro- 
duced by a staircase wltage that advances one step each 
time a sample IS taken. One cycle of the input srgnal causes 
the trigger circuit to i n ~ t ~ a t e  one cycle of the sampllng 
process and produce one dot for the display. 

The wrnpling cycle starts when the trigger circuit 
recognizes a point in a cycle of the triggering signal and 
unclamps the fast ramp generator. The fast ramp generator 
produes a linear rundown voltage that is compared to the 
slowly changing staircase voltage. The resulting pulse that 
occurs the instant the fast ramp voltage level equals the 
staircase voltage level IS sent t o  the vertical circuit via the 
Delta Delay Generator as a strobe drive pulse. From there 
the strobe also goes t o  the Scan Ramp and Staircase 
Generator as a sta~rcase-advance pulse. 

The staircase generator advances one step j u ~ t  after the 
sampling circuit takes a sample o f  the input signal. The 
sampling memory output isapplied t o  the venical amplifier 
and the naircase output level is applied t o  the horltontal 
deflection system of  the oscilloscope. AS smn as the sample 

has been taken, a dot is displayed o n  the crt screen at a 
vertical position woportional t o  the input signal voltage 
level at the instant ir was sampled. The dot then remains 
stationary on the screen unt i l  anothw sample is taken. 

Each subsequent rec~gnised triggering signal cycle In,- 
tiates the same sequence of events. But since the stairwoe 
voltage moves down one s t e p  each tlme, the fast ramp has 
to run slightly farther each time before a comparison pulse 
is produced. In r h ~ s  way the sampling event is delayed by  
successively longer intervals and the samples are taken 
successively later along the waveform wi th  respect to the 
triggering point. Each time a sample is taken, the crt is 
blanked momentarily while the dot on the crt moves 
horizontally by one increment. 

The 7S14 comains a "twodot circuit" that provides two 
brr&t dots for each trace. With the two dot circuit it is 
possible to position the dots to two  specific points in the 
waveform and measure the time interval between the points 
directly from the 2nd dot positioning mntrol .  

Glossary of Sampling Terms 

There are manv terms used i n  the discussion of sampling 
systems whose definitions may not be universal. The 
following terms, used in this manual, have been mmpiled to 
help avoid confusion. 

Blow-by-A display aberration resulting from signal-induced 
displacement current through all capacitance shunting 
the Sampling Gate. 

Display Window-The particular time interual representxl 
within the horizontal limits o f  the graticule. 

Dot-A displayed spot indicating the horizontal and vertical 
coordinates of a particular sample. 

Dot  Density-The number o f  dots per horizontal division i n  
any one scan. 

Equivalent Time-The time scale represented i n  the display 
of a sampling oscllloswpe operating in the equivalent- 
tlrne sampling mode. 

Equivalent-time Sampling-A sampling prooess i n  which a 
least one repetltlve signat event is required for each 
sample taken. The trme requited for display construction 
is Thus greater than the tlme represented I n  the display. 
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Basic Sequsmial Sampling Principb7S14 

Fert Ramp M Slewing Ramp-A linear ramp which acts 
with a slower staircase. ramp, or other changing voltage 
to cause slewing. 

Feedback-The effective intersample attenuation in the 
signal path between Memory output and Sampling Gate 
output i n  a sampiing loop. 

Forwad Gain-The effective gain between the Sampling 
Gate output and Memory output in a sampling loop. 

Loop Gain-The product o f  sampling efficiency, foward 
gain and feedback attenuation In a sampling loop. Loop 
gain is normalFy unlty except in a smoothed display 
where it may be less than unity. 

Memory-A circuit which stores the vertical (or horizontat) 
mordinats vakue of a samDle. 

Mamoly Gate-An electronic switch between a Memory and 
its driving amplifier. 

Retr ier-A trigger signal which occurs before a relate$ 
signal went. 

A w l  Time-The time scale associated with signal events. 

bmpling-A process o f  sensing and storing one or more 
instantaneous d u e s  o f  a signal for further processing or 
display. 

Sampling Efficiency-The ratlo of  the valtage change 
between the rnstant before sampling, t-, and the instant 
after sarnpl~ng, t*, at the output OF a Sampling Gate to 
the difference &tween gate input voltage, E,, and gate 
output voltage. E,, at  the rnstant before sampling. 

Sampling Gate-An electronic wit& which conducts 
briefly upon command for the purpose of mllecting and 
storing the instanraneous value of a signal. 

Sampllng Loop-Those circuits providing t h e  main signal 
path through the Sampling Gate, Preamplifier. Lmp 
Gain attenuator, OC Balance Amplifier, Memory Gate, 
Memory, and the Feedback attenuator. 

hnning-The promss 'by which slewing i s  controlled. 

Sequential Sampling-A sampling process in which samples 
are taken at succsssively later times relative t o  a fixed 
point of each sampted signal cycle. 

Slewing-The procsss o f  causing suocessive samples t o  b$ 
taken at different instants rekat~ve t o  a fixed point of 
each sampled signal cycle. 

Smoothing-A precess that reduces the effect of random 
noise or jitter in the display by averaging several 
mnsecutive samplH. 

Stmbe-A pulse o f  short duration which operates the 
Sampling Gate. 



Section 3-7S14 

OPERATING INSTRUCTIONS 

General Information 

The 7S14 is a double-width plug-in unit mntaining both 
vertial and horizontal deflection Brcuits. The 7S14 
opamtes in any Tektronix 7000 Series mainframe when the 
unit is cornpletel~ inserted into the proper two slots of the 
mainframe plug-in compartment. When inserted into main- 
frames that accommodate rhree sirgle-wdth plug-ins, the 
twe slots toward the  operators right should b e  used. The 
middle two dots should be used in fourhole mainframes. 

NOTE 

lWren thc 7S14 is umd in die R76d3, R7613, R7623, 
or R7903 rackmount iflmments, the wrppoff posts 
&wen the mkmount plug-in c o m ~ m m t s  must 
be r e m d  w that the duaI width ?Sf4 can be 
inserted into the r n a i n f m .  

A blank plug-in panel may be used to cover the opening 
of any slot not occupied by a plug-in unit. Use panel 
01 6 4 1  5500  for 7000 Series rnainframm. 

Assuming it ir clean and dry, the plug-in unit is ready to 
operate as soon as ~t has been wr rm ly  installed in the 
ma~nframe. Hwrwer. the mainframe power cord must first 
ba plugged into a m e r  outlet that supplier AC voltage of 
the Eorrect frequency and amplitude and the rnainfram 
pwrer nrr~tch rnw be turned on. I t  should not be necessary. 
to turn the w e r  off before removing or inserting the 
plug-in unit. 

Mainframe Controls 
W i d e  the pcww switch, there are other swltcttes and 

mntrols on the mainframe that must be set for the 7St4 to  
operate mrrectly. If you are not already familiar with the 
functions of the mainframe controls vou mav need to refer 
to the instruct~en manual for that mainframe. 

Getting A Tram On Sereen 

With paw& applied and the plug-in properly insart&, 
the next step is to get a trace on ween. The recommend& 
procedure i s  to ( I ]  temporarily dismnnea any vertical 
input or trigger input srgnals, (2) dect  the repstitive pc%n 
mode by pushing the REP button, (3) select l ~ s  per 
division or faster for the DELAYING SWEEP (dark gray) 
mntrol, (41. freecun the time baw and samptlng circuits by 
~ s h ~ n g  the AUTO TRIG and HF SYNC buttons. I51 select 
Channel 1 Venial input by pushing the CH 1 button, (6) 
set the Channel 1 VOLTSlDlV mntrol to the least semit~ve 
position. oounterclockwise to .5 V, (71 center the 

Channel 1 QC OFFSET mntrols. and (8) adjust the 
mainframe crt intensity control for a medium bright trace. 
If a tram doen not appear under these wnditions. it is likely 
that either same ma1nfram.s mntrol war incorrectlv set, or 
that  Ehs mainframe or plug-in unit is not functioning 
P W ~ ~ Y .  

A brief description of the pubpse and use of each fmot 
paner mnnector, pushbutton, wnml ,  and serewdriwr- 
adjustment on the SS14 follows. If you hwe never operatsd 
a sampling o s i l l o m ,  you should re& the entire section 
More pmceed~ng to display a signal waveform. Y w  should 
refer to Fig. 3-1 as a guide ta specific opwating instructions 
relating to each front panel control or connector. 

1. 50 n INPUT The% are input mnnectoro to both 
f5 V MAX Channel I and Channel 2 mrnpting 

gate circuits and uertiwl ddfection 
amplifiers. Signals as large as 2 V 
A-F rn amplitude may be handled. 
as long as no wing e x d s  +4 volts 
or 4 volts. However, peak signal 
excursions that exmed 42 uoltr or 
-2 volts cannot be d~splayed at the 
more sensitive setting, even when 
using maximum DC OFFSET. Volt- 
sge greater than f5 volts may alter 
the accuraw of pr6crslon delay line 
mmpensation rpsi%tors or cause 
input c~rcuit mmponents to fail. 
External pr- or 50 ohm amnua- 
tors should be used to display signal 
uoltages greater than 4 volts. The 
following probes are recommeded: 
P6056,  10X probe; P6057, 
IOOX probe; P6201. 1X. 10X and 
lOOX FET probe. You will need a 
1101 Poww Supply for the P6201 
wobe I$ the ma~nframe does not 
have a probe power output jack. 
The BNC 50ohm attenuators 
recommended are: 011-M159.02 
(IOXl, 01 1-0080.02 (5x1, and 
01 1 .W60-02 12X I. Signals as great 
as 220 wlts peak or 14 wlts RMS 
may be applied to these artenuators 
befare % % d i n g  the watt* 
rating. 50 ohm attenuators having 
mnnenors other than the BNC 
type may be u d  if darners to 
BNC mnnectors are available. 
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2. CH 1 The nuter mnrrol SPIPMS the wr. 3. DC OFFSET 
VOLfSrOlV t i c a l  deflection factor from ?2 V 
and .5 VlQiv to 2 mVIDlv. The red var, 
CH 2  able control (CAL) udjusls sensitiv- 
VOLTSlDlV ity over a range of a1 lcast 25 to 1. 

The rwo controls prov~de any scn 
srtlv~ty between 5 V Qer d~vls~on 
and 8 mV per division. h e  CAL 
mntml must be set In the fully 
c o u n ~ e r c l o c k w ~ s e  Idetented) 
posltlon before the lnd~cated de- 
flectlon factor can be expected to 
be accurate. 

These two controls posltron the 
dqsplar up or down or Ws1t101l a 
srgnal an screen that othenulse may 
he off screen. A signal rlding on a 
DC level as great as +2 uolta or 
-2 volts may be wsitioned to 
center screen. The FINE control 
makes it easler to pr~cqsely position 
?lie display a t  h~gh sensirlvttles 
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4. CH ? GAIN Thm screwdriver adjustments sm 
and ' the gain of the wrresmnding &an- 
CH 2 GAIN nels so that the chosen deflection 

factor corresponds to the deftemion 
displayed on the m by a signal 
voltage of known amplitude. For 
example, a signal of precisely 1 volt 
P-P amplitude should lproduce five 
divisions of deflection when the 
VOLTSlDlV i s  .2 V. Each adiust- 
mant should normally be checked 
each time a p l u ~ i n  rs placed In a 
different mainframe. 

 he applied MI voltage 
should be fmm a 500hm 
soume so that he  l e t t a p  
miving st the input may be 

one half of the open 
circuit,  unloaded voltage 9. CH 1 Y 
value. C H Z X  

Push this button to display a signal 
at Channel 1 input. 

Push this button to displav a signal 
a Channel 2 input. There is no 
internal slgnal pi&oH horn Chan- 
nel 2 input; internal triggering is 
from the signal picked off from 
Chmnel 1. Therefore, i f  you have 
only one input srgnal it should be 
connected to CH 1 input unless vou 
use an external trimer input signal 
or using a pwver dlurder, first divide 
the signal so part may be applied to 
the external trrgger input jack. 

7. DUAL TRACE Dual trace operation is achiewd by 
pushing both CH 1 and CH 2 
buttons at the same time. 

8. ADD .Pushing the ADD button allows rhe 
and signals a t  CH 1 INPUT and CH 2 10. LO NOISE 
CH 2 tNVERT INPUT to be, in effect, summed. 

Actually, the summing owation i s  
performed on the sampled replieas 
of the two rnput signals following 
the vertical channel memorier. mis 
button should normally be pwhed 
when two balanced, pushgull $19- 
nals are applied to the CH 1 and 11. CH 1 
CH 2 INPUTS. You may then also TlME DlFF 
push the CH 2 INVERT button to CH 2 
achieve, in effect, drfferent~al Input 
operation. Or, if you wish to me 
how s~milar the two halves of the 

~ n h g u l l  signal may be, any differ- 
ence between them can be dis- 
played by leaving the CW 2 IN- 
VERT button out. 

To display the difference betwen 
two similar signals that have nearly 
the same wlarity or phase and the 
aame amplitude, the CH 2 INVERT 
button should be pushed. 

NOTE 

A front pvwrei xrewdrivw 
adjustment (CH I -T IME 
DIFF-CH2I can be sret for 
wry precise phase or time 
mmparisons. Refer to a later 
discussion of the purpom of  
h a  at control. 

This button should be pushed for 
X-Y displays, such as Lisajous pat- 
terns. The signal appl~ed m the 
Channel 1 inpvt produces vertical 
deflection (V) in the normal way 
and the  signal applwl to the Chan- 
nel 2 input produces horizontal 
deflection [X). When using this 
mode. neither the DELAYING 
SWEEP nor DELAYED SWEEP 
controls affect the display in any 
way. except to change the max- 
imum possible number of samples 
per m n d .  Set the DELAYlNG 
SWEEP time per division to 10 ns 
and th% triggerlng HOLDOFF con- 
trol fully munterclockw~se ta 
ensure the geatest possible number 
of samples per second. The cleanest 
X-Y displays are achieved by trig- 
gering or synchronizing in the usual 
way before pushing the CH 1 
YCH 2 X pushbutton. 

Push this button to reduce the 
amplitude of random noise in the 
dlsplay or. in some me$, to reducs 
bor~zontal time-lmer. I t  i s  normal 
for the horizontal scan rate to 
reduce greatly when this button is 
plshed. 

This screwdriver mntrol &ould 
normally be set {and is set a t  the 
factory) sa that identical signals 
applied to the two inputs will b 
displayed in precisely th% aame 
hor~zontal wsltions. For example, 



i f  a single s~gnal IS applisd to the 
middle part of  a maxlal tee and the 
output f rom ea& of  the other two 
ports is app l l d  through similar 
cables o f  precisely equal length to 
the fwo input channels. a dual trace 
display shouM show t w o  nearly 
identical waveforms that can be 
made t o  mincide wi th  the OC 
OFFSET mntrols. I f  a uew fast 
step-5ignal is applied in this manner 
and displayed at 100 ps per divi- 
sron, the fast edge o f  either signal 
may be wen t o  be pasitlonable 
horizontally w i th  the CH 1 -TIME 
DIFF-CH 2 mnt ro l  x, as t o  occur 
before. after. or coincident with the 
fast edge o f  the other input signal. 

Although this wn t ro l  should nor- 
mally be left set w two such signals 
can be made to mincide. the con- 
trol  may also be delilxratelv set t o  
other  siti ions t o  (1) mrnpensate 
for the delay difference in rwo 
input mbles or (2) mitically w m -  
pare two  s~rnilar repetrtive signals 
tha* do not  m u r  simultaneously. 
I f  you wish t o  use this wn t ro l  to 
m ~ t ~ c a l l y  compare two such signals 
that occur at widely separated 
instances. two similar cables o f  
unequal length may be used at the 
proper inputs i f  the difference in 
length is chosen m in tmc lua a 
prollagation delay difference nearly 
equal to the time betwmn the 
events. Most maxial cables. lie.. 
;hose made with a dielectric of 
solid wlyethylene, cause a signal 
delay o f  approxtmately 1.5 ns per 
foot (50 ps per cm). The delay 
through most other mbles wi l l  be 
less: mme marly a5 litt le as 1 ns per 
font. 

12. S W  Push this button to disvlav a signal 
{MODE) when weep delay i s  not  needed, 

unless the time per divlslon must be 
less rhan 10 ns. Pushing this button 
allows the Delaying Sweep to deter- 
mine the m t  time per division. 
Releasing the button allows the 
Delayed Sweep to determine the cn 
ttme per d~vision. 

When the Delayed Sweep is selected 
to determine the crt  time per divi- 
sion, the delaying weep ramps are 
used in coniunction wi th  the 

15. DELAYING 
SWEEP 

16. DELAYED 
SWEEP 

DELAY ZERO and DELAY TIME 
MULT mntrols to selea the delay 
needed t o  dioplw the signal of 
interest. 

This sflewdriver adjustment sets 
the amplitude o f  the horizontal 
output signal (ta the mainframe) t o  
vaduce the m r r m  deflection o n  
the crt to m r r e s ~ n d  wi th  any time 
per division selected. Ideally, the 
adjustment should be checked using 
a time mark generator each time 
the 7S14 is p l a d  in a different 
mainframe. Howevsr, ~f internal 
adjustments in the plug-in are set 
correctly, the SWP C A t  adjustment 
may be set using the two inrenstfied 
dots displayed in each trace when 
wing the Delaying Swmp mode. 
There should be precisely 8 divi- 
sions of separation between corm- 
sponding parts of the two dots 
when (1) the Delaying Sweep is s e t  
t o  1 ps per divis~on. (2 )  the DELAY 
TIME MULT dial is set ta 8.00, and 
(3) the DELAY ZERO control is 
set to  position the first dot one 
haritontal division from the left 
edge of the crt graticule. 

This smwdriver adjumment should 
ba used to set the left edge of a 
trace ewn wi th  the left edge of the 
crt graticule after the SWP CAL 
adjustment has been made. 

The time indtcated between the 
orange lines on the clear plastic 
skirt o f  the DELAYING SWEEP 
(dark gray) control is the crt t ime 
per d~vision when the Delaying 
Sweep h x  been selected (SWP 
mode button pushed m). 

The t ime indicated at the ~ i n t  of 
the arrow on the clear plastic skirt 
o f  the DELAYED SWEEP (I~ght 
gray) mn t ro l  IS the crt t lme per 
drviseon when the Delayed Sweep 
ha5 been selected (SWP mode 
buttan releaswll. Be sure that the 
concentric, red CAL wn t ro l  is 
wunterclockw~se In the detented 
position; othemrlse, the lrdlcated 
time per divrsion wi l l  not be m r -  
rect. The CAL mntro l  vsrles the 
time per division over a range o f  a% 
least 2.5 to 1. 



T o  reduce delay time-jirter and t o  
inwase scan rate, the time per 
division of the Delaying Sweep 
should be as close as possible t o  the 
time per divislon of the Delayed 
Sweep. Ten dlv~aions o f  delay 1s 
available when b t h  sweep rates are 
the same. When more man ten 
divisiom of delay is needed, the 
Delaying Swwp time per division 
must be set t o  be greater. I f  set t o  
be 1,000 tlmes longer, 10,000 
divisions o f  delay is available, but 
delay t~me- j~ t ter  may be as m u h  as 
K drvis~on. 

17. DELAYZERO When using the Delayrng Swwp 
(1st  DOT) mode. this mnt ro l  is used t o  set the 

position of the first intensified dot 
in the trace to a point In the 
dlsplayd waveform suitable t o  be 
called time-?em, a beginning refer- 
ence point for a trme Interval 
measurement. You wi l l  notice that 
this control usually moves the 
sewnd dot as well. If. in some 
Mses, it appears that vou mnnot 
position the first dot: as far t o  the 
rtght as you may wish, it is pro- 
bably because the second dot is at 
the right end o f  the trace. You may 
avoid this wndit ion by running the 
DELAY T lME MULT d ~ a l  wrn- 
pletely munterclockwise frrst. 

18. DELAY TlME This dial controls the separation 
MULT (2nd DOTI betwtren the first and semnd bright 

dors in a trace when the Detaying 
Sweep mode is selected, It mntrols 
the wsitron of only the sewnd do t  
until the second dot is positioned 
t o  the right end of the trace. at 
which time it mntinues to control 
the sparation between dots by 
moving the first dot to the left. The 
p i n t  in a waveform ident~fred by  
the second dot IS the point corre- 
spondlng t o  the Isf t  d g e  of the 
trace that you display when you 
switch from the Delaying Sweep 
mode t o  the Delayed Sweep mode 
(SWP mode button released!. 

The n u m b r  Indicated on the dial is 
woportional Za the separation 
between dots; one turn equals one 
division. The time between dots is 
equal m the time ind~cated between 
the orange colored lines o n  the skirt 
of the clear plastic DELAYING 

TQ.  AUTO 
TRIG 

20. + 
SLOPE 

21. REP 

22. SlNGL 
SCAN 
and 
START 

SWEEP mntrol  multiplied by  the 
nurnbw i n d i ~ a t d  by the dial. Pre- 
cise time interval tests o f  whether 
the time between two particular 
wines in a waveform is greater than 
w less than a given amount may 'be 
q u ~ c k l ~  made by f l a t  separatmg the 
dots by the right amount, then 
positioning them wi th  the DELAY 
ZERO control t o  see whether the 
dlstancs between dots i s  more than 
or less than the dirtancs between 
the two particular points in the 
waveform. 

'Push this button for  nearly every 
bigpering signal or mndi t ion  you 
may encounter. except when the 
triggering signal has a frequenw or 
repetition rate less than a b u t  
BOO hertz. When this bunon is 
pushed, strobe pulses are auwrnati- 
ml ly  generated {at about 800 hertz) 
when no trlgg8ring s~gnal IS belng 
delivered or recognized. This keeps 
the sampling mernor~er refreshed, 
produces a slow moving scan and 
keeps the m beam p~s~t ionab le  on 
screen even in the absence of a 
triggering signal. 

'Push this button when you wish t o  
trigger on the positivegoing portion 
of a signat. Release the button 
when you wish t o  trigger on a 
nagativejping portion. The Wsi- 
t ion of the button is i rnmter ial  
when the HF SYNC button is 
pushed. 

The REP button should be pushed 
A e n e v w  repetitive scans (weem) 
are desired, which is the condition 
for most normal uses. 

Push the SIMGL SCAN 'button 
when you wish t o  produce only one 
m n  at a time: this scan i s  displayed 
on command bv the START bm- 
ton. This mode is useful when 
photographing waveforms where 
the scan r em i t i on  rate is low, or 
for stored d~sp lws when using an 
osciliosmpe mainframe having a 
storage mt. It IS also recommended 
when making chart remrdrngs uslng 
the VERT and HORlZ ourput sig- 
nals. Note that each scan starts 
when the sprrng loaded START 
button IS released, not  when it is 
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23. MAN 

24. EXT' 

pushed. The HORlZ output voltwe 
returns to -5 v o l ~  when the 
START 'button is pressed and 
remains at about +5w l t s  at the 
mmpletion of each scan. When 
drivlng a chan recorder, the 
START button should be held i n  
while the remrding apparatus is 
k i n g  set. The scan rate should k 
very slow when making chart re- 
mrdings. Refer t o  t h e  discussion 
about the SCAN control knob and 
the LO NOISE pushbutton, t o  set 
the scan rate as low as desired. 

P u h  this button when you wish to 
scan the crt  rnmually. instead o f  
w r t h  t he  internally generated 
scanning ramp signal or w ~ t h  an 
externally supplied scanning signal. 
The scan control determines the 
point being sampled. This mode is 
particularly useful when you wish 
to repeatedly sample the same 
point i n  a signal fo r  a period o f  
time. High random noise may be 
separated from the signah this way 
by averagiw the voltage at the 
VERT output is&. 

Push this button h e n  you wish to 
control the hor7zontal pwi f ion  o f  
the rxr beam with an externally 
supplied scanning signal. The input 
j a c k  adjacent to the E X T  push- 
button is for introducing such a 
signal. A zero to +10 volt (or high- 
er) signal is needed t o  produrn a 
ful l  scale horizontal scan. A signal 
t h a t  g w s  f rom zero t o  more than 
+I0 w l t s  may be attenuated wi th  
t h e  SCAN mntro l  to woduca ten 
divisiom of m n .  This mode IS 

useful when you wish to slave the 
scan operation t o  an external m- 
strumant such a$ a chart recorder. 

25. SCAN This control determines the hori- 
zontal ueloclty of the ut beam 
(scan rate) whenever the REP but- 
ton or the SlNGL SCAN button i s  
pushed. (This rate is partly deter- 
m i n d  by some other factors aFso, 
like trigger repetition rate, holdoff. 
t ime per division, and whether the 
LO NOISE button is pushed or 
releared .) 

'PI" fip plupl of O M  inch dinmeter mould Iba u d  with the pin 
Isclr.. 

26. INT 
CH 1 

27. HF 
SYNC 

28. LEVEL 

29. HOLDOFF 

30. E X 1  INPUT 
509 

Push this buttan t o  trigger on the 
internal signal introducsd at the 
Channel 1. 50 SI INPUT connector. 
Release this pushbutton t o  t r rgpr  
on the external triggering signal 
i n t r o d u d  at the EXT INPUT 
mnnector. 

Push this button t o  synchronize o n  
signals above 100 MHz. Be sure t o  
release the pushbutton when trig- 
ger ing o n  any signal below 
100 MHz. 

The LEVEL mntro l  is used t o  
"lock" o n  to the triggering or 
synchronizing signal to reprodurn a 
steady, mhe rmt  waveform on the 
crt. The triggering signal must have 
a steady, wnchronous time rela- 
tionship with the vertical signal for 
the display t e  be steady. 

The HOLDOFF m t r o l  is normally 
left ful ly muntsrclockwise to allow 
a maximum scan rate. The HOLD- 
OFF mntro l  is used to help display 
complex waveforms and pulse 
trains. such as digital wwds, by 
varying the period o f  trigger 
holdoff, That inhiblts recognit~on 
of early. unwanted triggering signal 
edges. 

This input connector is AC mupled 
into a nominal 50 ohm load. The 
blocking capacitor h x  a DC voltage 
rating d SOvnFts and more than 
1 megohm resistants. Extwnal trrg- 
gering signals may be delivered t o  
this input via a SO ohm coaxral 
cable. unattenwted. For large sig- 
nals the PHI56 10X probe o r  
P6057, 100X probe is remm- 
mended. When AC mupled, the DC 
load resistanoe imposed by thew 
probes is  essentially the same as 
that of the blocking opacitor. i.e., 
more than 1 megohm. 

T h e  signal voltage available at this 
output pin jack is proportional to 
the horizontal position of the beam 
at any instant: zero volts corre- 
sponds to approximately center 
screen. The output waveform 
resernblgs t h w  of a sawtooth or 
staircase when produmd internally. 
using the REP or SINGL SCAN 
d e s .  The output voltage Sam at 



Operating InHmcti-El4 

-5 volts and goes mit ive to 
+5 volts s the beam scans the ten 
crt divisions. The outp~n waveform 
is man often used to drive chart 
recorders. Also refer to the dis- 
cussion of the SlNGL SCAN con- 
@0l. 

32. YERT The signal mailable at th is  ourput 
.2 VIDIV' pin iack is a replica of the signal 

that prcduoes vertical deflecf~on. 
This waveform i s  mt often used 
to drive h a r t  rwrders. 

Other Plug-lm 

Most any vmieal plug-in may be used in a limited way 
with the 7514. However. you should remember that the 
horizontal scan rate of the beam is nor mllbrated in the 

7S14, and the time per division selected by tha SEC/DlV 
switch does not set the horizontal velocity of the beam as 
mtR conventional oscil lowp time b m  plugins. The 
7At3 Diffarsmial Comparator i s  a partiwlar useful ex- 
ample, beaus9 i t  is often used to mmsure DC levels or w k  
signal levels when the signs! waveform IS of no importance. 
It may be placed alongside the 7514 Fo produce a 
time-shared three-trace drsplay when the 7S14 i s  used in the 
DUAL TRACE mod.@. The DISPLAY pushbutton on the 
other plug-in must be pushed to display a signal with that 
plug-in. 

With the fouraole mainframe wries. i t  is pogible m use 
a horizontal plug-in and a verti~al plug-in in conjunction 
with the JS14, This i s  prtiwlarly useful in that the s a m  
mainframe can be used to troubl&shoot the 7S14. 

For a mmplete explanation of us& of the mainframe, 
refer to the operating manual for the prt iwlar mainframe. 



APPLICATIONS 

Z~troduction sampling requires bigbfrequency circuitw only at the input 
tu the system; low frequenw measurement techniques are 

The display waveform on the cn sereen propagated a through the amplifiers and t o  produrn the display. 
7S14 is a plot o f  voltage per unit  equEvalent time. Since the 
7S14 has calibrated deflection factors both vert i~al lv and 
horizontally, the sampling system can be used for making. To set up the 7S14 for a correct X-Y display, push the 
accurare voltage and time measurements o f  an input signal. following buttons. CW CH X, ,N,- CH A U T ~  

TRIG, +SLOPE, and REP. Set the DELAYING SWEEP 
and DELAYED SWEEP controls tu .l us. Connect one o f  

The 7S14 offers dual-trace capabilities that allow the signals to both through a Power and 
user to simultaneously view two signals and determine the identical Adjust me DC T I M ~  D l ~ F  
time a d  amplitude relationship between the two s~gnals. tn ,,trols for a nraight-line from the upper 
dd i t lon ,  dual tram operatton allows interaaive displays of right toward the lower left corner the crt. Adjust the 
the two  signak; eg..  X-Y and added algebraimllv. deflection factors of both channels. using the variable 

wntrols as newssaw, t o  obtain a display that i s  exactly six 
dlvlsions both vertically and horizontally. The display 

''14 provides a tim*interva' lneas- should appear similar to Fig. 4-1, indicating that &e cables 
urement that provide3 a means of mwurirpg the trme and two channels have ken for lninimum 
between two points of a display. The two dots reprwent differsnEs, 
two m in t s  in time o n  the delavrna sweer, of the 7S14. 

The dual t ram capabilities and the twodot system 
&id& a great versatility fo r  measurements. Some of the 
applications wilb be discussed i n  the following paragraphs. 

PHASE DIFFERENCE MEASUREMENTS 

The time difference between two sine-waue signals o f  the 
same frequency may be measured by usrng one o f  the 
stgnals ss the  reference and observing the phase dif ferenm 
between the reference a d  the  second signal. There are two 
convenient methods of rneasurrng the phase difference 
usrng the JS14. The maln differences i n  the two methods 
are in terms of accuracv and convenience. 

Signals other than sinusoidal can be measured using 
these technlquer, but the discussion here w ~ l l  be confined 
m sinewave applications. With signals other than slne 
waves, the resultant display WIII depend on the wavehape 
of the apptied signal. The calculation methods given i n  t h ~ s  
discussion apply only t o  sine-wave s~gnalo. 

X-Y Phase Measurements 

When displaying sinusaidal signals, the X-Y phase meas- 
utement method provides a Lissajous display. This method 
can be used to measure t h e  phase relationship of two 
identicaf frequencies. or to display the frequency relation- 
ship between m o  signals that are harmonically related. 
Other uses for the Lissajows dlsplav are to check distortion 
of a signal or as a "null detector" for accurately matching 
phase. X-Y phase measurements can be made up to the 
bandwidth limit of the sampler. This i s  possible because 

Fig. & I .  An X-Y display of two in-phare sine waw rignwls. 

Disconnect the mwer  divider and mnnect the signals to 
be measured to the two Inputs using the same cables used in 
the set-up. Check that  the display IS still six divisions both 
vertically and horizontallr; zdjust the deflection factor as 
necessary for the wrrect display. A difference i n  phase 
between the two  slgnalo is shown by the amount o f  opening 
in the loop. A circle drsplay shows 90" phased tfferenm and 
a straight line from the upper left to  lower right shows 180" 
phase *lift. The phase difference between two  signals an 
be accurately measured bv readtng the lengths A and 6, as 
mown in Fig. 4-2. and applying the formula: 

S i n e =  AIB, 

The Lissajou$ figure o n  b used as a null indicator, to 
xljust the phase shift through a deuice, or between dwiE8~. 
To do this, the 7514 must be set up for an X-Y display and 



Fig. 4-2. Phsve difference betwam two signals. 

the delay wmpensation adjusted as described before. After 
the delay wmpenut lon has been adjusted, apply the signals 
to the inputs through the cables used for the set-up. Then, 
calibrate the  unit  under test for a "null" (zero delay) 
indication, w shown by a straight line display from the 
upper right to lower left of the graticvle. Other reference 
points can be chosen such as a full circle t o  indicate 90' 
delay, straight line from umer  left to lower right for two 
delay, or anv other display which indicates the desired 
amount of delav. 

The "null" display can also be used to make accurate 
frequency adjustment. Aftw setting up the system with the 
reference signal, connect the signat to  be adjusted t o  the 
other input. As the frequency of this signal is adjusted, a 
stable Lissajous display wi l l  be obtained only when the 
frequencies o f  the two signals are matched. At other 
frequencles,the display wi l l  appear to rotate on screen. 

Dual-Trace Phase Measurement, 
This p h m  measurement methode provides a very 

accurate means of determining phase dbfference, where very 
amall differences exist between the two  signals. Fw this 
measurement. the signals must be the same frequency. 

To setup the 7S14 for correct display, push the 
following buttons: CH 1. INT  CH 1. AUTO TRIG, 
t SLOPE, and REP. Connect the primary or reference 
signal to both inputs through a mww divider and tdentical 
mbles (the same cables which wi l l  be used for the 
measurementl. Adjust the DELAYED SWEEP (light gray) 
mntrol  and the SWP VAR (CALI control so that one 
complete cycle of the signal spans exactly erght hor~zontal 
divisions. T h ~ s  calrbrate the system in terms o f  d e g r e d  
d~vrs~on such thar there IS 45'ldivision tine.. 360' i s  equal t o  
8 d~v~s~ons) .  

Now puoh both CH 1 3 rd  CH 2 buttons simultaneously 
for dual-trace operation. With the same vertical deflection 
o n  both channels, adjust the CH 1 and CH 2 DC OFFSET 
and T lME DlFF controls so that the two traces mincide. 
Dirmnnect the power d~vider and reconnect the reference 
s~gnal to the Channel 1 Input. Connect the other srgnal to 
the Channel 2 Input. I f  necessary, adjust the vertical 
deflection factors so that the waveforms are $he same 
height vertically. Now measure the distance between the 
m r r e w n d ~ n g  points o n  the waveform and muhiply ~ 
45-/dlvision to determine the exact phase difference. For 
small phase dlf ferenm, a more precise measurement can be 
made by using the delayed sweep for magnification (do not 
rXlange the vanable control setting). The magnified hori- 
zontal rate can be determined by drviding the previous rate 
(45°/div~s~on] by the amount of magnlficatlon. Fig. 4-3 
shows a typical magnified display. 

Fi. &3. MaQniftsd dipplay of signal with a sm#l ohare differenca. 

TlME DIFFERENCE MEASUREMENTS 

The basic tehlques of timedifference measurements are 
the same as for phase measurements. This measurement 
method is narmally used when viewing two signals that are 
not tlme related. After settrng the tnstrurnent up m the 
same manner 8~ described for Phase Difference Measure- 
ments and connecting the two s~gnals to the Channel 1 and 
Channel 2 Inputs, adjust the vertical deflection factors, ~f 
necessary, so that the waveforms am the same height 
wr t~ca l ly .  Adjust the tlme per division so that rhe m in t s  on 
the two waveforms between hid, the timedifference 
measurement IS to be maa'e, are displayed within the 
grat~cvle area. Now measure the distance between the 
desired points on the two waveforms and multiply i t  by the 
time per division. This will provide accurate time difference 
~f the  DELAYED SWP VAR wn t ro l  is in the calibrated 
lpos~tion when the measurement is In the Oelaved (SW 
button out) Mode. When in the Delaying Mode the varrable 
mnt ro l  has no effect. 



TWO-DOT MEASUREMENTS 

The two-dot measurement method permits more accu- 
rate time-rneasurement of signals. The fol low~ng are exam- 
ples where the two-dot system IS useful. 

Phase Measurement3 Using the Two-Dot System 

For slgnals where the tirnw/division is set a t  10nsl' 
division or greater, a faster, more accurate phase meas- 
urement can be m d e  using the two-dot system. The 
twodo t  system IS more accurate because the time base 
accuracy can be ignored. The t w o d o t  phase measurement 1s 
made in the following manner. 

Set up the 7514 by pushing the following buttons: CH 1 
and CH 2, INT  CH 1, S W ,  AUTO TRIG, and REP. 
Connect the primary or reference s~gnal t o  both Inputs 
through a p o w e r  divider and ident~cal cables. Adjust the 
DELAYING SWEEP (dark gray) mntrol  for rnaxlrnum 
horizontal display for one complete sine wave. With the 
same vertical deflectron on both channels, adjust the CH 1 
and CH 2 OC OFFSET and T lME DlFF controls so that the 
two Warno co~nclde exactly. D~swnnect the power divider 
and reconnea the referenoe s~gnal to the Channel 1 Input. 
Cannect the other signal to the Channel 2 Input. I f  
neeessaw, adjust the vertical deflect~on factors so that the 
waveforms are the same herght vertically. This should create 
a display similar t o  that shown In Fig. 4-4. 

Fig. 4 4 .  Display of phase difference with two-dot q n e m  

Once you have t h e  signals displaved as i n  Fig. 44. the 
DELAY ZERO (1st DOT) wn t ro l  is used to set the first 
dot to the point where the reference waveform first crosses 
the horizontal csnterllne. me DELAY T lME MU L T  (2nd 
DOT) control is set to pos~t ion the semnd dot to  the paint 
where the reference waveform aoses the horizontal 
anterline one complete wcle later. Note the reading on the 
DELAY TlME MULT dial (the number o f  dial divisions 
wrreswnds t o  360'. or one cycle). Now change the 
DELAY T lME MULT mntro l  to moue the second dot ro 
where the second waveform first crosses the horizontal 
wnterline and note the reading on the DELAY T lME 

MULT dial. The phase d i f f e r e n ~  between the two signals is 
calculated using the formula: 

Second DTM Reading 
Rase Difference = 

First DTM Reading 
x 360- 

Pulse Width Measurements 

Pulse width measurements are often necessary, and while 
they are not particularly dlfflcult, they can be tlma 
wnsuming. This is especially true i f  the 50% points do not 
conveniently fall on the v e n d  graticule lines of the cn. 
Wlth the twodo t  system, ~t 1s relatively simple to mearure 
pulse width. The pulse t o  be measured is displayd using 
the Delaying Sweep (SWP button pushed ~n). The weep  
rate and uertical d e f l m ~ o n  factor are selected to present 
the entire pulse on-screen, using as much of the screen as 
pon~ble. Buttons t h a t  are t o  be  pushed in are as fol lom: 
CH 1, SWP. AUTO TRIG, + SLOPE, and REP. 

After the instrument has been set up, a signal has been 
triggered, and the deflection factors are chosen, turn the crt 
Intensity down enough that the two bright dots can be 
eas~lv seen. Then, adjust the DELAY ZERO (1st DOT) 
control so that the first dot is located at the 50% m i n t  o n  
the leading edge of the waveform. Adjust the DELAY 
TlME MULT  (2nd DOT) control so the second dot is 
located a t  t h e  50% poim of t h e  trailing edge of the 
waveform. See F1g.4-5 for  a typical display. The pulse 
width is the product of the DELAY T lME IWULT dial 
settlng and the SEC/DIV (DELAYING SWEEP1 control 
58tt1ng. 

I f  the  rise and faTI times are fast, you may notlce more 
than one bright sampling dot on the rise and fall. This IS 

because the bright dot occupies about one-tenth o f  a 
dlvlston o n  a ho r~wn ta l  trace. The beam lo sometimes 
deflected verttcally more rapidly than it IS horizonQlfy, so 
the brightened portion appears lorager vertically than 

F i i .  4 5 .  Display of p l r e  width with twodot Wnern. 



horizontally. To avoid making m error in the time 
measurement, make sure you set the beglnninpl of both the 
"start" and "stop" dots at the 50% points. Remember that 
the sweep is moving left to right. so the beginning of the 
bight dot ir at the left. 

Time W e e n  Pulses Using Dual Trace 

The twcrdot system is very useful for measuring the time 
between two independent pulses. To set up the 7514 for a 
mrren display, push the following buttons: CH 1 and 
CH 2. INT CH 1, SWP. AUTO TRIG, + SLOPE, and REP. 
Connect the primary or referenoe signal to both inputs 
through a power dlvider and idantlcal cables (the same 
cables to be used for the measurement). Adjust the 
DELAYING SWEEP (dark gray) control for a maxlmum 
horbzonml display for one cornpfete waveform. With the 
same vertical deflection on both channels, adjust the  CH 1 
and CH 2 DC OFFSET and TlME DlFF controls to make 
the two traces winc~de. Dlsmnnect the wwer divider and 
reconnect the reference srgnal to Channel 1 Input. Connect 
the other signal to  the Channel 2 Input. 

Once the two pulses have k e n  property displayd, 
adjust the DELAY ZERO (1st DOT1 mntrol until the flrst 
dot 1s set to the 10% point of the rlslng edge of the 
reference pulse. Then adjust the DELAY TlME MULT (2nd 
DOT) mntrol unt~l the sewnd dot ir set to the 10% point 
of the rising edge of the scond pulse. (The 10% mints are 
used to provide more accurate mmrurements betmen 
pulses with different riset~mer.) The delay between the two 
pulses i s  now determined by multiplying the DELAY TlME 
MULT setting by the DELAY IMG SWEEP SEC/OIV setting. 

You will notice that there are four bright dots o n m e n .  
The first dot on each trace indicates *he delay selected by 
the DELAY TlME MULT oontrol. The two dots that are 
not indicating a measurement point can !x Ignored. 

There are many measurements that mn be made with 
the 7S14. Only a few basic techniques have been presented 
in this sect'mn of the manual. 



CIRCUIT DESCRIPTION 
This section of the manual describes cireu~t operation of 

the 7S14 using a block diagram analysis. me circuit 
functions follow the description of each circuit. The 7Sl4 
has triggering and time base circuits as well as vertical 
deflection circuits. The Vertical System i s  desuibed first, 
followed by the description of the Horizontal System. The 
blmk and circuit d~agrams at the end of the manual should 
be beused in the analysis. 

VERTICAL SYSTEM 

When the diodes are on, they pss the input signal ta the 
Prearnplif ier. Only a small percant of the input signal psse 
through the gate because of its low transmission efficiencv 
(sampling efficienw). 

The sampled signal charges the Sampling Gate owmut 
way caPacitanca, Preamplifier input stray capaamnce, and 
Strobe Generator wupling capacitors C1 and CZ. Also 
charging these capacitors are two positive feedback signals: 
one from the Preampl~fier and one from the Memory. With 
the feedback sqnals, the Sampling Gate autput bemme 
the same as the input. 

The vertimt system amplifi- anel anennates the input 
signal. A delay line permits viewing a signal's leading edge. 
The two vertical channels in the dual-trace 7514 are Gaw Compensation 
basically the came. The block diagram analysis discusses 
channel number one, with channel differencss noted ar 
they arise. 

Compensation Network 

The Compensation network r e d u m  the af feas  of input 
pulse distortion in the delay line. For channel number one, 
the Compensation network also provide a trigger takeoff 
point. Input signals incur a '50% attenuation through the 
network, which mnsists of passive RC and R L  components. 

Delay Cine 

The M e l a y  Pine delays the arrival of the applied signal to 
the Sampling Gate long enough for the timing unit to 
friggw and start the ramps; this permits viewing the leading 
edge of sig~Is. 

Inherent with the Daav Line is some high frequency 
distortion (ailed "drlbble up") of a step signal. Effects ob 
th~s distortion HE compensated for in the Compensation 
Network. 

The Deray Line consists of a length of 50 ohm, low-loss 
transmission line whh a signal propagation time of approxl- 
mately 65 nanosecord~. 

Sampling Gate 
. - The Sampling Gate periodically psses a small portion of 

the input signal; is., it sernpfes tlte input signal. 

The gate is a bridge network consisting of a dual diode 
CR 1 and bias calls Bfl and BT2, me diodes are held off by 
the cells except when strobed by Strobe Generator pulses. 

. . 

A s a l l  pan of a high frequenw signal couple through 
the cawcitancs of the Sampling Gate d~odes when they are 
beck biased and not conducting, Th is  signal n oiled 
blowby and is undesirable. A Sampling Gate Blow+v 
Compensation circuit inverts the input signal and applies 
-me of ~t to the output of the Sampling Gate to  null~fly 
the unwanted rapaeitively coupled signal. 

The Sampling Gate Blow-by Compensation circuit an- 
sisfs of: inverter 0311: an internally adjustable galn control 
called LF Compensation, Am: and feedback capcitor C30. 

Stroba Generator 

The Strob Gewator ~oduoes fast opposite wlarity 
pulses used to turn on the Sampling Gate. It consists of 
avalanche transistor 010. whose operating voltage is mn- 
trolled by the voltage rsntroller I1M and internallv 
adjustable Avafanche Voltage control R20. 

Siunals from the Delta Delay Generator drive the 
avalanche transiflor whose bwkdown characteristic giver 
the high speed output pulses. In the avalanche tranustor 
output. there i s  a shorted transmission l~ne that generates 
the pulses. 

The Preamplifier brings the Sampling Gate output level 
up to that of i t s  input. Positive feedback via C45 from the 
Preamplifier output to the Sampling Gate output gives a 
b t s t rap  operation. This deedkick effectively redvces the 
mpacltance of the Sampling Gate output by charging the 
mpacitance with the ~n-phase feedback s~gnal. 

N6ptive feedback from the voltage divider msisting of 
R229, R231, and R232 Providss amplifier stability and 



establishes loop gain. Loop Galn is internally adjusmtable and 
wntrol led bv R232. The Preamplifier wmists o f  a dual 
FET (140 driving integrated circuit operational amplifiw 
U10. 

DC Balanae a d  DC B e l m  Amplifier 

I n  p a ~ i n g  through the Prearnpfifier. the sampled signal 
undergoe~ a change In  its QC level, The DC 'Balance and OC 
Balance Amplifier restores the proper DC level. I t  efso 
provides a low-impedance input t o  the Memory capacitor 
C248 and the Lo Noise Eapacnor C247. The Balance and 
Balance Amplifier uni t  consists o f  internally adjustable 
balance control R233 a d  Fntegrmed circuit operational 
arnpl~fier U230. 

Memory Gate 

Whereas the Sampling Gate has a fast risetima rssponse, 
the other w i m l  amplifiers and circuits through which the 
sampled signal pass= have a slower risetime response. To 
accommodate the slower risetimes, the Memory Gate is 
used. 

The Memory Gate. FET Q240, ads as an onoff switch 
t o  pass the sampld  signal f rom the DC Balance Amplifer t o  
the Memory. Pulses that turn on the Memory Gate originate 
in the Strobe Logic circuits. which will be detailed later. 
The Strobe Logic circuits a lw drive ?he Strobe Generator 
and Sampling Gate: however, the Memory Gate is on longer 
than the Bmpl ing Gate. 

The signal passsd by the Memory Gate charges one or 
twa capacitors i n  its output. One cepacitor. C248, is always 
i n  the circuit. me other, C247, is parallelxl with C248 
when the L o  Noise switch i s  operated. With both  capacitors 
i n  aha circuit the Memory Gate output cannot charge to as 
high a level as it could with just C248. Thus, the gate 
outvut cannot eclual the inout signal a t  the instant a sample 
15 taken. and it will take more than one sample to display 
the true value of the input signal. This effect is known as 
"smoothing'". 

Memorlf Gating Generator 

Providing turn-on pulse$ for the Memory Gates in both 
channels i s  a common Memow Gating Generator. Q310 and 
1131 1. This driver ampl i f i s  and shapes strobe Wises from 
the Strobe Logic circuit and feeds them t o  the Memory 
Gate. 

Memory Gate Blow-by Compensation 

A small paR of the Memory Gating Generator pulse 
mpacitively muples through the Memory Gate via the FET 
gate terminal. mis signat is  called blow-bv and is undesir- 

able. A Memory Gate Blow-by Cornpensetton circuit inwrts 
the driver pulse and applies some of it to the outpur of the 
Memoly Gate t o  nullify the unwanted opscitively coupled 
signal. 

The Memory Gate B lowby Compensation circuit con- 
sists of: inverter Q241. an internally adjustable gain wn t ro l  
called Gate Balance. R242; and f d b a c k  capacitor C249. 

Memory 

The Memory amplifies the Memory Gate output signal 
and feeds back an inphase signal ta the Sampling Gate 
output. The amplified signal (X 1 gain) d r i v ~  the Post 
Memory Amplifier. The feedback signal combines w ~ t h  the 
p w ~ t i v e  feedback signal f rom the Preamplifier to keep the 
Sampling Gate output charge from leaking off  with time. 
The positive feedback from the Preamplifier keeps the 
instantaneous charge replenished; feedback from the 
Memory ensures a constant charge over a long time p e r i d  
and for signals with a low repetition rate. 

Dual FET (1140 and integmred circuit operatioral 
amplifier U140A compose the Memwy. N w t i w e  feedback 
from the amplifier output t o  Q140 provides amplifier 
stability. 

Post Memory Amplifier 

The Pon  Memory Amplifier provides a maximum gain of 
7.63. adjustable w i th  front-nel Variable Attenuation 
tVOLfSIDIV CALI mnt ro l  R109 and front-panel Gain 
scmdriver adjustment R119. DC OFFSET mntro l  R115, 
pralleled with FINE adjust control R114. providss a DC 
offset voltage to the amplifier that allows the operator t o  
shift the vertical position o f  the display. 

Integalrated circuit operational amplifier U140B is the 
Variable Vertical Amplifier. 

Unity Gain In-r EChannel2 only) 

The Unity Gain Inverter inverts the Channel 2 signel t o  
reverse i t$ display direction; e.g., a negativegoing input 
gives an upwdrd display. The Channe! 2 Invert switch 
selects the inverted mode or (in the noninvert position) 
bvpass& the Channel 2 slgnal wlth no inversion. Channel 1 
is not  affected bv the invwter switch. 

l ~ e g r a f e d  circuit owrational amplifier U350 is the 
Invmer Amplifier. 



Circuit Description-fS14 

Output Amplifier 

The Output Amplifier giues a constant output of 
200 mV/Div for all operating levels of signals appli6d t o  the 
vertical input. The galn o f  t h ~ s  amplifier is wntrol led by the 
VoltdDiv switch and is such that the overall amplification 
from the vertical signal input to the Output Amplrf~er 
output gives a deflection factor of 203 mV1Diu at the 
Output Ampl~f ier output. 

Fig. 5-T shows fixed gains o f  0.5 for the Compensation 
Nemork, 7.63 for the  Post Memory Amplifier (in call- 
brated mode). and from 0.105 to 28.2 for the Output 
Amplhfier. Other stages have unity gain. With, for example, 
a 2 mV signal applied to the vertical input and with the 
VoltslDiv switch set for 2 mVIDiv, the overall gain is 0 5  X 
7.63 X 26.2 = 100; this gain o f  100, with the 2 mV signal. 
glves the required 200 mVlDiv deflection factor. 

lntegrated circuit operational amplifier U25O is the 
Output Amplifier. 

Switching 

The swltchiw networks are common to both chanrsels 
and consist o f  the Channel Switching Multivibrator and the 
Vertical Channel Switch. The Channel Switch~ng Multi- 
vibrator i s  cantrolted by the Channel 1 - Channel 2 switches 
on the  front panel. The muttivibrator pulses the Vertiml 
Channel Switch t o  wlect which outout to display. The 
Vertical Channel Switch takes the pulses from the Channel 
Switchrng Multivibrator and selects the trace to be dis- 
played by the mainframe. 

The Channel Switching Multivibrator wnsirts o f  transis- 
tors Q354 and Q351. The Vertical Channel Switch consists 
of FETs Q352 and Q353. 

Ver t i ca l  Power Supplim 

The 7514 vertical section conbins two regulators that 
provide t30 V, and -30 V supplies. The remainder of the 
voltage supplies to the vertical section are provided by the 
mainframe. The Poww Distr~but ion is shown on sche- 
matics 9A and 95 at the rear o f  the manual. 

The +30 V supply i s  developed by integratpd clrcuit U1, 
transistor 0 1  and rener diode VR610 ( e e  Diagram 6). The 
-30 V supply is deueloped by rntegratd circuit U3. 
transistor Q3 and zenw diode VR613. The above U and Q 
numbers are those located on the Ve r t i a l  interface board. 
The Vertical Interface board i s  shown on schematic 6 at the 
rear o f  the manual. 

HORtfOUTAL SYSTEM 

The Horizontal System provides deflection voltage for 
the display oscilloscope and sirnultaneourlv controls the 
time at which the vertical system samples the input signal. 
The system uses a 150 KHz t o  t GHz trigger circuit, two 
fast ramps (delaying and delayed weep) to generate the 
real time weep, a slow wan ramp t o  generste the 
equivatent time sweep, an amplifier, a scan ramp inweme?, a 
two dot posi t~on circuit for the horizontal measurem%nt 
and a delay genersror for the strobe d r iw  m the vertrcal 
*stem. 

Peak-To-Peak Signal FoPower 

When the Auto T r ~ g  mode is selected. the Peak-To-Peak 
Signal Follwver provides an amphifled voltage ao the 
Triggering Level wn t ro l  and the Auto Basline Triggw 
circuit. 

The circuit has both a positive and a negative signal 
circuit. A posltlve Input signal is receivd by transistor 
0421 and passed thmugh transinor 0433 t o  charge 
capacitor C430 to a positive peak amplitude. A negative 
input signal 15 reczived by transistor Q420 and passed 
thmugh transbstor (1520 to charge capacitor C53d lo a 
negatlve peak amplitude. The +Bal and -Bal potentio- 
meters. R524 and R521, calibrate the internal voltage level 
so that ir is approximately t2W mV a the outputs of 
operat~onal amp)ifiers U430 and U530. 

HF Synchronizer Oscillator 

me HF Synchronizer h i l l a t o r  is used for input slgnals 
above 100 MHz a n d  i s  controlled by the HF SYNC button 
on the front panel. The circuit is a free-runnvng oscillator 
that operates from 16.5 t o  25 MHz. 

t h e  circuit, consisting of tunnel diode CR221 and back 
diode CR220, is wupted t o  mil L220 and internally 
adiustabte reslstor R209, which mntrols the bias. When one 
of the diodes IS rn ~ t s  h~gher voltage state, the other IS i n  ~ t s  
lowsr voltage state. with the back d i d e  controlling the 
tunnel diode to its Iw state. The curwnt to the dudes is 
determined by the Triggering Level control, the coil 
determines the t lme each dlode is turned on. 

Trigger Amplifier 

The Trigger Amplifier is an exclusive OR circuit, i n  
which the f ~ r s t  sage provides trigger polarity wnt ro l .  The 
circuit has a X25 gain. When the Triggering Lwel  control is 
mnnected rhrough the Tr~gger Level Comparator circuit, it 
raises or lowers the level of the trigger signal at  the input to 
the Triggw Amplifier. 

Integrated circuit U22O i s  the Trigger Amplifier 
network. 
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Fig, 51. Slmpllfii b l a k  diqmrn of u& & a d  n u m b  om. 
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Holdoff Ramp Generator 

The Holdoff Ramp Generator provide sweep signals to  
the Trigger circuit and determines the time between the 
sweeps. 

The logic gate, consisting o f  d i ode  CR120, CR121, 
CRT22, and CR123, senses the delaying sweep signal. When 
diodes CR120 and CRlZZ are turned on. diodes CR121 and 
CR123 are reverse biased, whrch causes transistor Q123 t o  
be rewrse blared and transistor (1124 to be turned on. In 
this condition, the Trigger circuit I$ waiting m ampt a 
trigger signal. When a trigger signal is accepted. the delaying 
sweep r u m  down; when the delaying sweep is at  its lwvest 
levef, delaying sweep transistor a339 suppTles current t o  
the Holdoff Ramp Generator input, turnrng d~ode  CR123 
on and turning drode CR122 off. Diode CR12O is turned 
off  and diode CRlZl 1s turned on, therefore, current 
flowing through CR121 star% a negatlvegolng holdoff 
ramp into holdoff apacltor ClX). Transistor (1122 is 
turned on and Holdoff Schmidt iW240C is returned t o  the 
holdoff condition (holdoff lockout occurs} a n d  the Fast 
Ramp is returned t o  0. Diode CR122 is now turned on, 
diodes CR121 and CR123 are turned off, and diode CR120 
is turned on. The current source (Holdoff potentiometer) is 
passed through diode CR120. causing a positive holdoff 
ramp. When the holdoff turns transistor Q123 off. transis- 
to r  0124 is  turned on. This lputs Holdoff Schrnrdt CI240C 
in the  HI state. This muses the Holdoff Lockout gates t o  
revert; Delay gate U240A and Ramp Drive Lockout gate. 
U 2 M  accept a trigger signal. The time from the end of 
one sweep t o  the trlgger of the next sweep is controlled by  
the Triggering Holdoff potentiometer Rl28. 

Trigger Circuit 

The Trigger Circuit is  a I ~ i c  network consisting of a 
Holdoff Schmidt. w h i h  is part of the Holdoff Ramp 
Generator crrcuit; the Reset and Arming Gates. whih 
consist of the C = A - gate and two Holdoff Lockout 
gares; two Delav gates; and nnro Ramp Drrve Lockout gates. 
The Delay gates,r= A * 0 gate, and the Holdoff Schmidt 
are contained In integrated circuit 13240 and the Ramp 
Drive Lockout gate; the Holdaff Lvckovf germ ?re w n -  
tained in integrated clrcuit U260. A rirnplified diagram is 
shown i n  Fig. 5-2 with each gate identified. 

An output signal from the network occurs when the 
output level of the second Ramp Drive Lockout gate 
changes. This is caused by level changes t o  the inputs of the 
Holdoff Schmidt and the delay gate. The following IS an 
example o f  how the logic of the Trigger Circult may 
operate. The logtc for  thks netwotk 1s C =  E a n d r -  A + 
B Refer t o  Fig. 5 2 during this discussion. 

Logic Example. With a negative signal t o  the input of the 
Holdoff Schm~dt (U240C. pin 13}, the output (pin 15) is 

Hi. which means the inputs o f  U240D (pin 101 and U26OB 
(pin 7) are Hi. The outputs U24OD (pin 14) and U26OB 
(pin 3) are therefore Lo, which means the inputs of 21260A 
(plns 4 and 5) are Lo. The output o f  U26UA lp in 2) must 
therefore be Hi. which means the inputs of U2mB (pin 6). 
W260C (pin 12). and U240A (pin 5) are Hi, therefore, the 
outputs o f  U26M: (pin 15) and U240A (pin 2) are Lo. 

tf we have a negative input t o  U240B (pin 6) and U240D 
(pin 1 1 ) .  the output o f  U240B (pin 3) must be Hi, which 
m a n s  the input o f  U240A [pin 4) is Hi. The output of 
U240A {pin 2) and therefore, the inpwt o f  USBOD (pin 11) 
is Lo. Since the output of US% [pin 15) is Lo, the Input 
o f  U 2 m D  (pin 10) must be t o .  Wlth both Inputs o f  V2WD 
Lo,the output o f  W260D (pin 141 must be Hi,which means 
the input of UZWC (pin 13) is HI. 

Now. i f  the input U240C (pin 13) e s  pwifive, the 
output (pin 15) must go Lo. which makes the inputs of 
U240D (pin 10) and UPBOB (pin 7) Lo. Since both Inputs 
of U240D (pins TO and 1 1 1  are now Lo, the output (pin 14) 
must go Hi, which means the input of U260A (pin 5) IS Hi. 
The output o f  WZBOA (pin 2) must go Lo. which makes the 
inputs o f  U20OC (prn 121 and U240A (pin 5) Lo; howewr, 
since the inputs of UZBOC (pin 131 and U240A (pin 4) are 
HI, there is no change t o  the outputs of U260C (pin 15) 
and U240A (pin 21, so there is no change in the output 
signal and consequently no output signal propawtion. 

I f  the input to LIZ408 (pin 6) now goes Hi. the output 
o f  U2400 (pin 31 must go Lo, whrch means the input of 
U240A (pin 4) i s  Lo. Since both inputs of U2dOA are now 
Lo, the output {pin 2) must go HI, whrch makes the input 
of U260D [pin 11 ) Hi. The output o f  U2600 (pin 14) must 
go La, which makes the input of U260C (pin 131 Lo. Since 
both inputs o f  U26E are now Lo. the output {pin 15) 
must go Hi. This IS a level charge at the Trigger Citcult 
output, therefore, an output slgnal 1s propagated. 

Fast Ramps 

There are two Fast Ramp generators: the Delaying Ramp 
Generator and the Delayed Ramp Generator. Each Ramp 
has a Comparator and a Ramp Inuertw. The Ramp Inverters 
are driven by a 1 -25  position Timing (SECIDIV) switch. 
These Ramps generate a real time sweep to provide pulses 
t o  the Delta Delay Generator and the Buffer circuit. 

The trigger signats to the Delaying Ramp Generator are 
heM off bv  saturation transistor Q342. which is drlven by  
transistor Q343 Transistor Q338 IS t h e  Delaying Eltturl 
Fast Ramp current source for  the timing capacltors, C239, 
C241. 12243, C244, and C252. The timrng camcltors 
determine the rate of the slgnal. The senrrng tramistor 
Q335 clamps the negative excursions o f  the input signal. 
The Comparator mnsists o f  two comparator transistors. 



Cirwit DssCripth-7Sld 

OELAY 
RAMP DRIVE LOCKOUT 

INPUT TO SCHMIDT =/  
Fig. 5 2 .  Tripger Circuit L*. 

0356 and -7. with ourput provided by  two line The Delayed Fast Ramp Generator operats the same as 
receivers, U455A and U455E. The level of the comparator the Delaying circuit, except thm there is a tunnel diode 
transistors is determined by the Ramp Inverter U355, (CR459) rn the Comparator of the Delayed circuit that 
which i s  driven by the Timing switch. Resistor A230 i s  used sharpens the delayed strobe output so that the output is 
to balance the input t o  the Inverter. independent of the ramp rate. 

When C o w r a t o r  tramistor Q356 IS on, transistor 0357 
is off, therefore. the output (pin 2) of llne receiver U455A D~~~~ G~~~~~~~ 
is Hi  and the output (pin 3) of line receiver U455B IS Lo. 
At the comparison level, transistor a357 is on and The Delta Oelav Generator p rodu rn  pulse3 that drive 
tramisfor a356 is off. This makes the output (pin 3) of the Channel 1 Strobe Generator. ChanneF 2 S t r o b  Genera- 
receiver U4658 go wsitiue and the output [pin 2) of  tor. and Memory Gating Generator. Two voltage com- 
receiver U455A go negative, which provides drrve t o  the parators, contained in integrated circuit operational 
saturation transistor Q362 in the Delayed circuit. amplifier U470, make up the Delta Delay Generator. 



One input t o  each o f  the two  comparators i s  a reference 
voltage. The other input is a step from the delayed sweep 
circuit. When these two Inputs are equal. the comparator 
prduces an output pulse Immparator output rises). When 
the comparator input step ends, the comparator output 
falls and ends the output pulse. 

Front panel CH 1 T lME D lFF  CH 2 control R139 
controls the mrnwrator reference voltage. A change in this 
voltage changes the time when the two comwrator output 
p u l m  start, relative t o  one anolher. This change, i n  turn, 
changes the time when the Channel 1 and Channel2 
Sampling Gates sample signals. A maximum of approxi- 
mately 2 nanoseconds difference bstween the channels is 
poss~ble. 

Buffer 

The Buffer circuit is a Schmidt with constant time 
feedback. It drives the lnterdot Blanking Pulse Generator, 
Gating Generator and Scan Ramp Gating Multivibrator. I n  
addit~oa. i t  also drives the vsr t ia l  Memory Gating 
Generator. 

me Buffer consists o f  integrated circuit operational 
amplifiers U470A and U4708. and a capacitor C474 that 
determrnss the tlme constant for all t r i g r  rates. 

Scan Ramp Gating Muhivibrator 

The Scan Ramp Gating Multivibrator gates the Smn 
Ramp to generate equivalent time sweep. Among some of  
the functions peperformed by the Stan Ramp Ramp Gating 
Muhivibrator are the sensing of sweep lockout, slngle sweep 
start, providing axls gating, and controlling the reset of the 
Scan Ramp and Staircase Generator. 

The circuit consists o f  integrared circult U390. 

Interdot Blanking Pulw Generator 

The lnterdot WanGing Pulse Generator takes an output 
f rom the delayed strobe drive to create blanking and drlve 
the alternating multivibrator signal. The circuit consists of a 
transistor Q590 and two  capacitors C492 and C173. 

Inverter, Gating Gemerstor and Gated Current 
Generator 

The Inverter is a multi-purpose operational amplifier, 
U490, which accepts an external scan ramp and prov~des an 
output either as a horizontal scan or as m n  current t o  the 
Gated Current Generator. The Gating Generator takes 
output f rom the Buffer and provides drive to the Gwed 
Current Generator by  meano of  transistor Q48U and drode 

CR480. f h e  Gated Current Generator i s  a current generator 
that IS gated bv an inverter Q380. It providm an output 
signal t o  the Scan Ramp and Staircase Generator. 

Scan Ramp and Staircase Generator 

The SEan Ramp and StaFrcase Generator is an integmed 
circuit integrater with various ramps. The circuit IS con- 
trolled by the Gated Current Generator and Smn Ramp 
Gating Multivibmtar. When the circuit is in the Single Scan 
mode. it saturates a t  approximately 12 V. By pushing the 
START button, diode CR280 will be returned to its Lo 
state and the circuit can receive the next pulse. 

The Sari Ramp and Stair=- Generator circuit oonsists 
of integrated circuit U280, diode CR280, and two tlmrng 
cauac~toe C280 and C281. 

Two Dot Circuit 

The Two Dot Circuit provides horimntal mmparison for  
the two dot$. The circuit mntains the Two Dot Pulse and 
Delay Generator, Qelav Voltage Follower, and 1st Dot Stop 
circuit. 

The Two Dot Circuit p r o d u m  two current sources 
through transistors 0139 and (1141. One source is for the 
delay multiplier stop and the other source is fo r  calibration 
o f  the DELAY ZERO (1st DOT) and DELAY TlME MULT  
(2nd DOT) controls. The wrrent  sources, are cal~brated by 
varlable resistors R130 and R131. The DELAY ZERO (?st 
DOT) control is adjustable over nine cm of the delaying 
sweep display. the DELAY TlME MULT (2nd DOT) 
control is adjustable over ten an of  display, and the time 
multiplier between the dots is r e d  directly on the Delay 
Time Mult dlal. 

Input t o  the Two Qot Circuit is provided by the Scan 
Ramp and is mmpared agarnst the voltages of the 1st and 
2nd Dots. The camparator offret (dot width) is determ~ned 
by resistor R161. As the Scan Ramp goes from O t o  
10 volts, the 1 s  and 2nd dot comparator inputs are 
traversed so that the first crossing turns the dot on and 
second crosing turns the dot off. 

The 1st dot stop circuit i s  required t o  stop the 2nd dot 
from going k y o n d  the rlght hand edge o f  the display: thus 
the reading on the dial i s  always correct. 

The Delay Voltage Follower circuit consists of inte- 
grated circuit U145B. The Delay Generator consfsts of the 
integrated circuit U145A. vanable resistor (1st dot stop 
control) R130, diode CRISO, transistors 0135. 0141, 
(1142, and Q143. The Two Dot  Pulse circurt wnsists of 
Integrated circuits U150 and U155. 



Intensity Blanking Mixer 

The fntensity Blanking M ixw  i s  a circuit that intensifies 
each dot width received from the Two Dot circuit and 
provides blanking during the time the sampler is taking a 
nan sample. 

Transistor Q160 is used to intensifv the dot a n d  
tramistor 0161 is the blanking transismr i n  the lntemity 
Blanking Mixer circuit. 

Position Voltage Follower and Horizontal 
Amplifier 

The Position Voltage Followw i s  the operational am- 
plifier U180A used as the horiwntal  position calibrator. 
Input current to the Voltage Follower is provided by 
variable resistor R100. The output of the Positron Voltage 
Follower and the horizontal drive current are summed by 
the the Horizontal Amplifier. The selection o f  the Vert~cal 
Mode S w i t h  determines the drive (sawtooth or X from 
Channel 2 VerticaF Amplifier) 'to the Horizontal Amplifier. 
The Horizontal Ampl i f~er IS an opsrational amplifier U1808 
that provides Input to the Sweep Callbrator R183. 

Readout 
Readout Logic is provided to the oscilloscurpe readout 

circuitry by  srgnals from the readout board. The logic t o  
the readout board comes f rom the Channel 1 and Channel 2 
attenuator switches of the vertical section and from the 
Delayrng Sweep and Delayed Sweep sections of the Timing 
switch of the horizontat sectlon. 

The R~adout logic IS shown on schematics 3 and 5C in 
Sect~on 9 o f  the manual. For more specific information on 
the readout circuitry. refer t o  the Ci rmi t  Description 
section o f  your Tektronix 7000 Series oscilloscope manual. 

Horizontal Power 
T h e  power t o  the Horizontal section of the 7514 is 

supplied by the vertical sectron of the 7S14 and the 
marnframe of  the 7000 serles Instrument used. The Power 
Drstrrbut~on i s  shown an schernatrc~ QA and 90 al the rear 
of the manual. 




