
CHAPTER 3. THE HORIZONTAL SYSTEM

To draw a graph, your scope
needs horizontal as well as ver-
tical data. The horizontal system
of your scope supplies the sec-
ond dimension by providing the
deflection voltages to move the
electron beam horizontally. And
the horizontal system contains a
sweep generator which pro-
duces a sawtooth waveform, or
ramp (see Figure 7), that is used
to control the scope’s sweep
rates.

It’s the sweep generator that
makes the unique functions of
the modern oscilloscope possi-
ble. The circuit that made the
rate of rise in the ramp linear- a
refinement pioneered by Tek-
tronix- this was one of the most
important advances in oscil-
Iography. It meant that the hori-
zontal beam movement could
be calibrated directly in units of
time. That advance made it pos-
sible for you to measure time be-
tween events much more accu-
rately on the scope screen.

Because it is calibrated in
time, the sweep generator is
often called the time base. It lets
you pick the time units, observ-
ing the signal for either very
short times measured in
nanoseconds or microseconds,
or relatively long times of several
seconds.

Figure 7.
THE SAWTOOTH WAVEFORM is a voltage ramp produced by the sweep generator.
The rising portion of the waveform is called the ramp; the falling edge is the retrace;
and the time between ramps is the holdoff time. The sweep of the electron beam
across the screen of a scope is controlled by the ramp and the return of the beam to
the left side of the screen takes place during the retrace.

The horizontal system con-
trols of a Tektronix 2213 scope
are shown in the foldout figure:
the horizontal POSlTION  control
is near the top of the panel, and
the HORIZONTAL MODE con-
trol is below it; the magnification
and variable sweep speed con-
trol is a red knob in the center of
the SEC/DIV  switch; at the bot-
tom of the column of horizontal
system controls are the DELAY
TIME switch and the delay time
MULTIPLIER. The dual time
base 2215 has two concentric
SEC/DIV  controls, and a B
DELAY TIME POSITION control
instead of the delay time switch
and multiplier. (The scope con-
trols that you use to position the.
start of a delayed sweep are
also often called delay time mul-
tipliers or DTMs.)

Horizontal Position
Like the vertical POSITION con-
trols, you use the horizontal PO-
SITION control to change the lo-
cation of the waveforms on the
screen.

Horizontal Operating Modes
Single time base scopes usu-

ally have only one horizontal op-
erating mode, but the 2213
offers normal, intensified, or
delayed-sweep operating
modes. Dual time base scopes
like the 2215 usually let you
select either of two sweeps. The
A sweep is undelayed (like the
sweep of a single time base in-
strument), while the B sweep is
started after a delay time. Addi-
tionally, some scopes with two
time bases- and the 2215 is an
example again - let you see the
two sweeps at once: the A
sweep intensified by the B
sweep; and the B sweep itself.
This is called an alternate hori-
zontal operating mode.

Only the normal horizontal
operating mode is used in these
first few chapters, so leave your
scope’s HORIZONTAL OPERA-
TING MODE switch in NO DLY
(no delay) on the 2213 and A (for
A sweep only) on the 2215.
Chapter 9, in the second section
of this primer, describes how to
make delayed sweep mea-
surements.

Sweep Speeds
The seconds/division switch
lets you select the rate at which
the beam sweeps across the
screen; changing SEC/DIV
switch settings allows you to
look at longer or shorter time
intervals of the input signal. Like
the vertical system VOLTS/DIV
switch, the control’s markings
refer to the screen’s scale fac-
tors. If the SEC/DIV  setting is 1
ms, that means that each hori-
zontal major division represents
1 ms and the total screen will
show you IO ms.

On the 2215, which has two
time bases, there are two SEC/
DIV controls. The A sweep offers
all the settings described below;
the SEC/DIV  switch for the de-
layed B sweep has settings for
0.05 psldiv to 50 ms/div.



PART I

All the instruments of the Tek-
tronix 2200 Series offer sweep
speeds from a half-second for
each division to 0.05 us /
division. The markings appear-
ing on the scopes are:
.5s half a second
.2s 0.2 second
.l s 0.1 second

50 ms 50 milliseconds
(0.05 second)

20 ms 20 milliseconds
(0.02 second)

10 ms 10 milliseconds
(0.01 second)

5 ms 5 milliseconds
(0.005 second)

2 ms 2 milliseconds
(0.002 second)

1 ms 1 millisecond
(0.001 second)

.5 ms half a millisecond
(0.0005 second)

.2 ms 0.2 millisecond
(0.0002 second)

.l ms 0.1 millisecond
(0.0001 second)

50 I_CS  50 microseconds
(0.00005 second)

20 ps 20 microseconds
(0.00002 second)

10 ps 10 microseconds
(0.00001 second)

5 ps 5 microseconds
(0.000005 second)

2 ps 2 microseconds
(0.000002 second)

1 ps 1 microsecond
(0.000001 second)

.5 ps half a microsecond
(0.0000005 second)

.2 ps 0.2 microsecond
(0.0000002 second)

.1 ps 0.1 microsecond
(0.0000001 second)

.05 ps 0.05 microseconds
(0.00000005 second)

Scopes also have an XY set-
ting on the SEC/DIV  switch for
making the X-Y measurements
described in Chapter 9.

Variable SEC/DIV
Besides the calibrated speeds,
you can change any sweep
speed by turning the red VAR
control in the center of the
SEC/DIV  switch counterclock-
wise. This control slows the
sweep speed by at least 2.5:1,
making the slowest sweep you
have 0.5 seconds x 2.5, or 1.25
seconds/division. Remember
that the detent in the extreme
clockwise direction is the cali-
brated position.

Horizontal Magnification
Most scopes offer some means
of horizontally magnifying the
waveforms on the screen. The
effect of magnification is to mul-
tiply the sweep speed by the
amount of magnification. On
2200 Series scopes there is a
10X  horizontal magnification
that you engage by pulling out
on the red VAR switch. The 10X
horizontal magnification gives
you a sweep speed ten times
faster than the SEC/DIV  switch
setting; for example, 0.05 psi
division magnified is a very fast
5-nanosecond/division  sweep.

The 10X magnification is use-
ful when you want to look at sig-
nals and see details that occur
very closely together in time.

The DELAY TIME and
MULTIPLIER Controls
This switch and dial are used in
conjunction with either the in-
tensified or delayed-sweep
horizontal operating modes in
the 2213. These features are de-
scribed later under “Delayed
Sweep Measurement” in
Chapter 9.

The B DELAY TIME POSITION
Control
This calibrated IO-turn dial is
used to position the beginning
of the B sweep relative to the A
sweep in a 2215. Its uses are
described under “Delayed
Sweep Measurements” in
Chapter 9.

Using the Horizontal Controls
As you can see in Figure 8, the
horizontal system can be di-
vided into two functional blocks:
the horizontal amplifier and the
sweep generator.

Figure 8.
HORIZONTAL SYSTEM components include the sweep generator and the horizontal amplifier. The sweep generator produces a
sawtooth waveform that is processed by the amplifier and applied to the horizontal deflection plates of the CRT The horizontal
system also provides the Z axis of the scope; the Z axis determines whether or not the electron beam is turned on -and how bright
it is when it’s on.
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THE HORIZONTAL SYSTEM CONT.

horizontal system controls, fol-
low the directions in Exercise 4 Exercise 4. THE HORIZONTAL SYSTEM CONTROLS

and refer to the foldout for con- 1. Switch the VERTICAL MODE
trol locations. First, make sure to CH 7 and the CH 7 VOLTS/D/V
the front panel controls have setting to 0.5 volt. Be sure your
these settings: probe is connected to channel 7

l the SEC/DIV  switch is on 0.5
ms;

l the trigger SOURCE (A TRIG-
GER SOURCE  on the 2215) is
INT; INT (2215: A&B INT) is on
CH 1;

l the trigger MODE (2215: A
TRIGGER MODE) is AUTO;

l the channel 2 INVERT switch is
out (no signal inverting);

l and HORIZONTAL MODE is
NO DLY (A on the 2215)

and the PROBE ADJ jack.  Turn
on vour scope and move the
channel1 input coupling lever to
GND and center the signal on
the screen with the POSITION
control. Switch to AC coupling.
2. Now you can use the horizon-
tal system of your scope to look
at the probe adjustment signal.
Move the waveform with the
horizontal POSITION control
until one rising edge of the
waveform is lined up with the
center vertical gra ticule.
Examine the screen to see
where the leading edge of the
next pulse crosses the horizon-
tal center line of the graticule.
Count major and minor gra ticule
markings along the center hori-
zontal graticule and remember
the number.

3. Change sweeps to 0.2 ms,
line up a rising edge with the
vertical graticule on the left
edge of the screen and count to
the next rising edge. Because
the switch was changed from
0.5 to 0.2 ms, the waveform will
look 2.5 times as long as before.
Of course, the signal hasn’t
changed, only the scale factor.
4. In the middle of the SEC/D/V
switch is the red variable con-
trol; in its counterclockwise de-
tent, the settings of the SEC/DIV
switch are calibrated. Move the
control from its detent to see its
effect on the sweep speed. Note
that now the cycles of the wave-
form are approximately two-
and-a-half times smaller. Return
the VAR control to its detent.
5. Move the SEC/DIVswitch to
0.5 ms and then pull out the red
VAR control. This gives you a
10X magnification of the sweep
speed. In other words, every

setting on the SEC/DIV switch
will result in a sweep that’s ten
times faster; for example, the
sweep now is 0.05 msldivision,
not 0.5 ms.
6. While your scope is magnify-
ing the probe adjustment signal,
use the horizontal POSITION
control. Its range is now mag-
nified as well, and the combina-
tion of magnified signal and
POSITION control gives you the
ability to examine small parts of
a waveform in great detail. Re-
turn your scope to its normal
sweep speed range by pushing
the VAR switch in.

CHAPTER 4. THE TRIGGER SYSTEM

So far you’ve found that the dis-
play system draws the wave-
forms on the screen, the vertical
system supplies the vertical in-
formation for the drawing, and
the horizontal system provides
the time axis. In other words, you
know how the oscilloscope
draws a graph; the only thing
missing is the “when”: when
should the other circuits of your
scope start drawing the signal,
and when shouldn’t they?

The when is the trigger and it’s
important for a number of rea-
sons. First, because getting
time-related information is one
of the reasons you use a scope.
Equally important is that each
drawing start with the same
“when." 

Obviously the graph drawn on
the screen isn’t the same one all
the time you’re watching. If
you’re using the 0.05 ps SEC/
DIV setting, the scope is draw-

ing 1 graph every 0.5 ps (0.05
psldivision  times ten screen di-
visions). That’s 2,000,OOO
graphs every minute (not count-
ing retrace and holdoff times,
which we’ll get to shortly). Imag-
ine the jumble on the screen if
each sweep started at a differ-
ent place on the signal.

But each sweep does start at
the right time - if you make the
right trigger system control set-
tings. Here’s how it’s done. You
tell the trigger circuit which trig-

ger signal to select with the
source switches. With an exter-
nal signal, you connect the trig-
ger signal to the trigger system
circuit with the external coupling
controls. Next you set the trigger
circuit to recognize a particular
voltage level on the trigger sig-
nal with the slope and level con-
trols Then everytime that level
occurs, the sweep generator is
turned on. The process is dia-
grammed in Figure 9.

12




