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SECTION 1
CHARACTERISTICS

GENERAL INFORMATION

The Tektronix Type 4S1 50 @ Dual-Trace Sampling Unit is
a general-purpose vertical-channel plug-in unit for use with
the Type 661 Oscilloscope. It has a risetime of 0.35 nsec
(nanosecond = 10~ second) or less. Seven calibrated
deflection factors range from 2mv/cm to 200 mv/cm, and
uncalibrated variable deflection factors between these steps
provide up to three times increase in sensitivity at each
step. Minimum deflection factor is about 2/3 mv/cm.

The Type 4S1 in a Type 661 Oscilloscope is capable of
presenting either single- or dual-trace displays of repetitive
fast-rise signals. Two signals may also be displayed in an
X-Y mode (lissajous) or added algebraically. The balanced-
bridge input and the error-sensing method of signal recon-
struction provide a very low level of trace noise and mini-
mum kick-back from the input circuit. Internal delay lines
and trigger takeoff in the Type 4S1 allow the system to be
operated with no external delay or trigger cables.

The system samples the input signal, each sample at a
slightly later time, and reconstructs the signal on an equiv-
alent time base.

OPERATING CHARACTERISTICS

Risetime
0.35nsec or less, measured between 10% and 90%
amplitudes.
Bandpass

Equivalent to Dc to T Gc (gigacycle = 10% cps).

Input Impedance

50 ohms. A higher impedance may be obtained by using
Tektronix passive or cathode-follower signal probes.

Dynamic Range

2 volts peak-to-peak, without overloading input circuitry.
Maximum short-time dc overload is plus or minus 10 volts.

Deflection Factors

Calibrated steps of 2, 5, 10, 20, 50, 100 and 200 mv/cm.
Accuracy: =+£1% at 200 mv/cm, with DISPLAY switch at
NORMAL; 3% from 100 mv/cm through 10 mv/cm; =49,
at 5mv/em and 2 mv/cm. With DISPLAY switch at INVERTED,
200 mv/em accuracy is +2%. An uncalibrated VARIABLE
control, with a range of three-to-one, permits increasing the
sensitivity between the calibrated steps of the MILLIVOLTS/

®

CM switch. The 2 mv/cm deflection factor can be extended
to 2/3mv/cm with the VARIABLE control.

DC Offset

Up to ==1 volt, with a five-turn control, for making mea-
surements or positioning the trace vertically. With a de-
flection factor of 200 mv/cm, the DC OFFSET control can
cause a +1-volt {£12%) to —1-volt (=3%) change at the
corresponding vertical output jack on the oscilloscope.

Offset Monitor

Front-panel jack permits measurement of dc voltage-
level changes made with DC OFFSET control. Voltage change
at OFFSET MONITOR jack is 100 times the voltage change
seen in the display. Monitor voltage range is +104.5 volts
(#=10%) to —100 volts {#=5%), and output impedance is
100 k ohms,

Modes of Operation

A Only, B Only, Dual Trace, Added Algebraic and A
Vertical-B Horizontal (lissajous). Dual trace switching fre-
quency is approximately 50 ke. Rejection ratio for Added
Algebraic mode is 40:1 or better when each channel is
driven with a ,-volt flat-topped pulse and the deflection
factor for each channel is 50 mv/cm.

Internal Delay Lines

Approximately 45-nsec signal delay between trigger takeoff
and sampling bridge, on each channel.

Internal Trigger Signal

Triggering signal is selected from either input channel
for use by timing unit. Trigger amplitude to timing unit is
about gth the input signal amplitude, ac- or dc-coupled.

Time Coincidence Between Channels

In Dual Trace mode, display time difference between two
indentical signals is no more than 30 psec (picoseconds
= 107'? seconds).

Display

Normal or inverted. A separate control for each channel
permits inversion of either or both signals, allowing signals
to be added or subtracted in the Added Algebraic mode. An
additional =*=1% error may be added to deflection factor
error with DISPLAY switch at INVERTED position.
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Characteristics — Type 451

Noise

No more than 1mv peak-to-peak, at 2mv/cm, with
SMOQOTHING control at NORMAL, and MODE switch at A
ONLY, B ONLY or A VERT. B HORIZ.; no more than 1.5 mv
peak-to-peak with MODE switch at DUAL TRACE or ADDED
ALGEB. Noise is typically less than 0.5 mv peak-to-peak with
SMOOTHING control fully counterclockwise.

Smoothing

Reduces noise amplitude to about V/, the noise amplitude
normally present. Useable when dot density is sufficient.
Less than 3 mv noise when rotating SMOOTHING control
slowly.

Crosstalk

Less than 1.5% crosstalk between channels when observing
a 400 mv pulse such as the Delayed Pulse signal from the
Type 661 Oscilloscope.

Dot Slash

No visible vertical drift of sampling dots with triggering
rate above 150 cps; no more than 2 mm vertical drift at
triggering rate of 50 cps.

Probe Power

Power provided through front-panel connector for opera-
tion of cathode-follower probes. Filament voltage is 12.6
volts dc (terminals B and C), and cathode-to-plate voltage

is 100 volts {terminals A and D). These voltages are regu-
lated by the oscilloscope.

Signal Outputs through Oscilloscope
Within 3% of signal voltages at input connectors, plus

offset, when deflection factor is 200 mv/cm. Output impe-
dance is 10k ohms =+2%.

MECHANICAL

Construction

Aluminum-alloy chassis, with six plug-in subchassis units.
Photo-etched anodized front panel.

Dimensions

Height—7 inches; width—8Y; inches; depth—14 inches.

Weight

Approximately 15/, pounds.

STANDARD ACCESSORIES

2—50-ohm 10X T Attenuators, with GR connectors . 017-044
2—50-0ohm 5-nsec coax cables, with GR connectors .. 017-502
2—Instruction manuals ....... ... ... ... 070-329



SECTION 2
OPERATING INSTRUCTIONS

GENERAL INFORMATION

The operating instructions in this section consist of
the following: a brief description of front-panel controls
and connectors; a discussion of probes and other methods of
connecting to the signal source; instructions on operating
the unit for the first time; a discussion of the various modes
of operation, and some general applications.

The sampling system, consisting of a Type 661 Oscillo-
scope, a timing unit and the Type 451, is complete within
itself under normal signal conditions, Each channel of the
Type 451 has a trigger takeoff circuit which provides inter-
nal trigger signals to the timing plug-in unit. No external
triggering signal is required if the input signal has fast-rise
portions of sufficient amplitude. However, external triggering
may be used if desired, See the timing unit instruction man-
val for specific triggering requirements.

Low-level signals and small portions of moderate-level
signals moy be viewed by using the DC OFFSET control in
conjunction with the MILLIVOLTS/CM switch and the VARI-
ABLE control. The minimum deflection factor is about 2/3
mv/em and may be obtained with the MILLIVOLTS/CM
switch in the 2 position and the VARIABLE control rotated
clockwise.

~-TRACHE

High-resolution amplitude measurements can be made of
any voltage waveform or any part of a waveform that can
properly be displayed on the crt screen, through the use
of the -1.volt DC OFFSET control and the OFFSET MONI-
TOR jack. Voltage measured at the OFFSET MONITOR
jack is 100 times as great as the dc offset applied to the
signal. External coaxial attenuators may be used to bring
the amplitude of large signals down to the input limit of
2 volts peak-to-peak.

The SMOOTHING control is provided to reduce random
noise when necessary, by decreasing the gain in the amplifier
feedback loop. Smoothing will not significantly offect the
risetime of the display if the interval between samples is
short enough that the change in signal amplitude between
samples is only a small increment of the total signal ampli-
tude.

FRONT PANEL CONTROLS AND CONNECTORS

All controls and connectors required for the normal op-
eration of the Type 451 are located on the front panel of the
unit (Fig. 2-1), Teble 2-1 gives a brief description of the
function of each of these controls and connectors.

SAMPLING UNIT

TYPE 451

L T T

CHANNEL B

FTAETRONIN, snc. , FPORTLAND, ORIOGON, U. 8. A,

Fig. 2-1. Front-panel conltrels and connectors.
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Operating Instructions — Type 4S1

Table 2-1. Functions of Controls and Connectors

VERT. POSITION Permits display to be moved vertical-
Control ly on the crt screen through a range
(both channels) of about 10 centimeters. Further
vertical positioning is provided by

the DC OFFSET control.

MILLIVOLTS/CM Permits selection of the desired verti-
Switch cal deflection factor by varying the
{both channels) gain of the channel. Front-panel
values relate crt beam deflection to
input signal amplitude. For example,
for a switch setting of 10, each
centimeter of trace deflection on the
crt graticule represents 10 millivolts

of input signal amplitude.

VARIABLE Control
(both channels)

Provides three-to-one uncalibrated
variable increase in input sensitivity,
for adjusting display amplitude be-
tween steps of the MILLIVOLTS/CM
switch. Deflection factor may be
extended as fas as 2/3 mv/cm at the
2 mv position of the switch.

DC OFFSET Control
(both channels)

Provides an internal variable dc
voltage from 41 to —1 volt, to be
added to the input signal. Offset
voltage may be used for making ac-
curate voltage measurements and for
positioning the display past the
range of the VERTICAL POSITION
control. The amount of dc offset
added to the signal may be ac-
curately monitored at the OFFSET
MONITOR jack.

OFFSET MONITOR Provides amplified monitor for de-
Jack termining the amount of dc voltage
{(both channels) added by the DC OFFSET control.
The voltage at this jack is 100 times
the setting of the DC OFFSET con-
trol. Measurement of the offset volt-
age should be made with a high

impedance device.

DISPLAY Switch
(both channels)

Permits either NORMAL or INVERTED
display of the input signal voltage.
With the switch in NORMAL position,
positive-going is upward and nega-
tive-going is downward in the crt dis-
play. These conditions are reversed
with the switch in INVERTED position.

SMOOTHING Control Reduces display noise by decreasing
{both channels) the gain in the amplitier feedback
loop. See caution later in this sec-

tion about dot transient response and
use of the SMOOTHING control.

INPUT 50 @ Connector Applies the input signal to the Type
(both channels) 451 input circuitry. Each INPUT con-
nector is followed by a trigger take-
off, a delay line, a 50-ohm termina-

tion, and a sampling bridge.

2-2

PROBE POWER Con-  Provides filament and plate voltage

nector for operation of a cathode-follower
{both channels) probe.
MODE Switch Allows selection of one of five modes

of operation:

A ONLY—only Channel A signal
is displayed;

B ONLY—only Channel B signal
is displayed;

DUAL TRACE—both channels dis-
play separate signals simultaneous-
ly;

ADDED ALGEB.—both channels
operate to display the algebraic
sum or difference of the two sig-
nals as a single trace;

A VERT. B HORIZ—Channel A
provides vertical deflection and
Channel B provides horizontal de-
flection for X-Y operation, with
oscilloscope Sweep Magnifier at
X1.

A-B BAL. Control Screwdriver adjust sets Channel A
gain; provides external adjustment
for matching the two channels when
operating in differential mode
(A—B).

TRIGGERING Switch  Allows selection of the internal trig-
gering source from the input signal
on either channel.

AC-DC Switch Provides selection of either ac- or
dc-coupling of internal triggering sig-

nal to timing unit.

Signal Outputs Through the Oscilloscope

In addition to the output signals to the crt deflection
system, the Type 4S1 has two auxiliary output signals con-
nected internally to the Type 661 Oscilloscope and avail-
able at the front-panel connectors labeled Signal Outputs,
Vert. A and Vert. B. These auxiliary outputs are for use
with analog pen recorders and oscilloscope monitors. Out-
put impedance is 10k ohms.

The amplitude of the sampled signal at each of the output
connectors is srd of the amplitude of the vertical signal
from the Type 451 to the oscilloscope vertical amplifier.
With a calibrated crt display, this is equal to 200 mv for each
centimeter of vertical deflection on the crt. Thus, when the
MILLIVOLTS/CM switch is set to 200, a one-volt input signal
will produce a one-volt output signal at the Vertical Output
jack. The output waveform is the real-time waveform of the
sampled signal displayed on the crt screen. If the signal is
driven out of the dynamic range of the sampling channel, the
signal at the output jack will be distorted.




INSTALLING THE TYPE 4S1

CAUTION

ALWAYS TURN OFF OSCILLOSCOPE POWER BE-
FORE INSERTING OR REMOVING PLUG-IN UNITS.

With the oscilloscope power switch turned off, begin in-
stallation of the plug-in unit by first pulling outward on the
locking latch, located above the lower plug-in compartment
of the oscilloscope, until the latch is perpendicular to the
front panel. Next insert the Type 451 into the compartment
and push it in as far as possible by hand. The latch will
be at about a 45° angle with the panel if the unit has been
pushed far enough. Complete the operation by pressing in
on the latch until it touches the front panel.

To remove the plug-in, first turn off the oscilloscope power
switch, then pull the locking latch outward until it is per-
pendicular to the front panel. The unit may then be with-
drawn the rest of the way by hand.
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Fig. 2-2. Risetimes of Common Coaxial Cables, in Relation to
Cable Length.

CONNECTING THE INPUT SIGNAL

General Information

The input circvits of the Type 4S1 are designed to have
the characteristics of 50-ohm transmission lines. This permits
the use of 50-ohm coaxial cables for extending the input ter-
minals a moderate distance from the oscilloscope while main-
taining the same input characteristics. A 50-ohm source can
drive several feet of 50-ohm cable without significant loss.
Avoid the use of long cable lengths in order to minimize
high-frequency losses. It is important to note that the risetime
of the output signal from a coaxial cable, compared to the
input signal, deteriorates in proportion to the square of the
length of the cable. Fig. 2-2. illustrates the 0% to 50%
risetime (To) and the 10% to 90% risetime (T.) of various
common coaxial cables, in response to a step input. (The
10% to 90% risetime is approximately 30 T,). As an ex-
ample of signal deterioration due to cable length, a 5-nsec
cable (about 4 feet) of RG58A/U will degrade a 0.2-nsec
risetime (T;) to about 0.3 nsec, but a 20 nsec length (about 16
feet) of the same type cable will degrade the 0.2-nsec rise-
time to about 1.2 nsec.
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Operating Instructions — Type 4S1

The 50-ohm INPUT connectors on the Type 4S1 are GR
Type 874 and should be mated to 50-ohm cables with the
same type connectors. If it is necessary to use other than
50-ohm cables, suitable matching devices should be used to
couple between cables or connectors that have different
characteristic impedances.

When making signal-comparison or time-difference deter-
minations, the two signals should travel through coax cables
which have identical losses and time delay. The velocity of
propagation and the nature of signal losses depend on the
characteristics of the cables.

For relatively high-impedance measurements of nanosecond
signals, special passive or cathode-follower signal probes
are available for use with the Type 4S1 Sampling Unit. Some
of these special probes are described in the following para-
graphs.

Passive Probes

The Tektronix P6034 10X Probe and the P6035 100X Probe
are moderate-resistance passive probes designed for use with
the Type 4S1. They are small in size, permitting measure-
ments to be made in miniaturized circuitry. Power rating
is 0.5 wott up to a frequency of 500 Mc. Momentary voltage
peaks up to 500 volts can be permitted at low frequencies,
but voltage derating is required at higher frequencies due
to high-frequency power limitations. Dynamic characteristics
and curves are presented in the probe instruction manuals.

The P6034 10X Probe places 500 ohms resistance and less
than 0.8 pf capacitance in parallel with the signal source at
low frequencies. At 1 gigacyle the input resistance is about
300 ohms and the capacitive reactance is about 450 ohms.
The probe bandpass is dc to 3.5 gigacycles, and risetime is
less than 100 picoseconds {10% to 90%).

The P6035 100X Probe places 5000 ohms resistance and less
than 0.7 pf capacitance in parallel with the signal source at
low frequencies. At 1 gigacycle the input resistance is
about 2000 ohms and the capacitive reactance is about
450 ohms. Bandpass of the probe is dc to 1.5 gigacycles, and
risetime is less than 200 picoseconds (10% to 909%).

The P6026 Passive Probe, with slightly longer risetime,
can serve many measurement applications with the Type
4S1. It is designed for use with 50-ohm sampling systems.
Frequency response is dc to 600 Mc (dc-coupled). The P4026
consists of a GR Type 874 50-ohm connector-to-probe
adapter, a dc-coupled 50-ohm termination, an ac-coupled
50-ohm termination, a 50-ohm RG-58A/U 10-nsec cable, a
removable ground clip, and seven attenuator heads. Atten-
vation ratios from 5 to 5000 are provided, either ac- or
dc-coupled. One of the 50-ohm terminations must be used
with the attenuators in order to attain the stated attenua-
tion. The various heads can not be stacked to obtain other
values of attenuation.

Cathode-Follower Probe

The Tektronix P6032 Cathode-Follower Probe is a high-
impedance high-frequency probe for Tektronix sampling
systems. It is provided with seven plug-on attenuators that
give attenuation ratios from 10X to 1000X for the combination
of probe and attenuator. The P6032 has a risetime of less
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Operating Instructions — Type 4S1

than 0.4 nanosecond, and a basic 3db upper frequency
response of 850 Mc for all attenuator heads. Input resistance
is 10 megohms at dc, and the parallel capacitance ranges
from 1.3 pf to 3.6 pf, depending on the particular head used.
At 1 gigacycle the input resistance is down to about 100
ohms for the 10X head and to about 2000 ohms for the 1000X
head, and the capacitive reactance is about 100 ohms.

The advantage of the cathode-follower probe is the high
input resistance and low capacitive loading at moderately
high frequencies. Dynamic characteristics and curves are
included in the P6032 instruction manual.

Other Signal Coupling Methods

A very satisfactory method of coupling fractional nano-
second signals from within a circuit is to design the circuit
with a built-in 50-ohm output terminal. With this method the
circuit can be monitored without being disturbed, and when it
is not being tested, a 50-ohm terminating resistor can be sub-
stituted for the test cable. If it is not convenient to build in a
permanent 50-ohm test point, an external coupling circuit,
which may be considered a probe, can be attached to the
circuit.

A number of items must be considered when constructing
such built-in signal probes. Both internal and external char-
acteristics affect their operation. A probe is built to trans-
fer energy from a source to a load, with controlled fidelity
and attenuation. It must be equally responsive to all frequen-
cies within the limits of the system, be able to carry a given
energy level, and be mechanically adaptable to the mea-
sured circuit. The use of V,-watt and Vg-watt resistors is
advantageous in the construction of signal-coupling circuits
since their small size aids in obtaining good high-frequency
response. The probe must not load the circuit heavily or
the display may not present a true representation of the
circuit operation. Heavy loading may even disrupt the oper-
ation of the circuit. A base-band nature (dc to some upper
frequency) is not required of all probes, as some needs lie
only within a specific bandpass.

The only probes considered here will be signal-monitoring
probes, since signal-injecting probes apply more appropri-
ately to the operation of signal generators.

Zo
AAA .

TYPE 451
INPUT

Rs
— [———MN——) 50 N E:z

RixZg

Eorza < 5(Rg+50.0)

Fig. 2-3. Parallel method of coupling a signal from within a
circuit.
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In the parailel method of coupling, shown in Fig. 2-3, re-
sistor R is connected in series with the 50-ohm input cable to
the Type 4S1. This places Ry 450 ohms across the impedance
in the circuit under test. In order to avoid overloading the
circuit, the total resistance of R, + 50 ohms should not be
less than five times the impedance of the device (R_ in par-
allel with Z), requiring 20%, correction. The ground lead must
be very short. The physical position of R, will affect the
fidelity of the coupling. This method usually requires the
use of an amplitude correction factor.

In the series coupling method, shown in Fig. 2-4, the 50-
ohm input of the Type 451 replaces the impedance of the cir-
cuit under test. If the replaced impedance, R, was more than
50 ohms, place a resistance in series with the input cable
to the Type 4S1. This resistance plus 50 ohms should equal
the original impedance of the circuit. If R. equals 50 ohms,
simply substitute the 50-ohm test cable with no additional
series resistance. It is best to locate R; in the original posi-
tion of R. and ground the coax where R was grounded.
When not testing, a 50-ohm resistor can replace the cable.

2 o
A ———»

TYPE 451
Rg INPUT

—— "N~ 50N

RL Y Rg+50n

Fig. 2-4. Series method of coupling a signal from within a circuit.

A variation of the parallel method is the reverse-terminated
network shown in Fig. 2-6. This system is highly versatile
and may be used across any impedance up to about 200
ohms. At higher source impedances, circuit loading would
require more than 20% correction. The .01-uf capacitor in
the probe network blocks any dc component and protects the
resistors. Use of the capacitor is optional.

The two 100-ohm resistors across the cable input in Fig.
2-6 serve to reverse-terminate any small reflections due to
imperfect connectors, cables, attenuators, etc. In general,
these resistors are needed only when observing signals at
high gain, and when a small reflection will distort the display.
If reflections of a few per cent are unimportant, then the two
resistors can be deleted with a two-times increase in signal
amplitude. Or if signals of short duration are to be observed,
the reflections may occur late enough that they will not
be seen in the oscilloscope display.

Voltage-sensing, “non-loading’ probes can be grouped into
the four basic categories shown in Fig. 2-5. Since a re-
movable probe must be designed with the same electrical
parameters as a built-in probe, no distinction will be made
between the two. Types IA1 and IA2 are of primary interest

@1




Operating Instructions — Type 4S$1

. PASSIVE
A. TERMINATED CABLE
1. Single Termination
Zo Low static R, good high speed response.
: VYV V. Example: P6035 Probe
Z, —50Q R—5k
P o
R=> -—cC zZ,
1 Attenuation — 100X
‘|
Statically: R — Attenuation x Z,
C =~ V, pf
2. Double Termination
Low static R, good high speed response.
! Z, Double termination reduces reflections.
R~ ==c z z
- ° o Example: P6026 Probe
: o = 50Q R=15009

z
Statically: R == Attenuation xTa

C = Vpf
B. NON-TERMINATED CABLE
<
Zs <4 R D> Z,
| Ry R High static R, limited high speed response.
R—» —=c d RL <L
|
‘J—____-.
Statically: R = R + Ry + Ry 0.1 meg to 100 meg
Ci(Cd + Cu)
C = —————— ; 2pf to 15 pf
€ + C4 + ¢ ‘PP
Il. ACTIVE

A. DIRECT SAMPLING

Attenvation — 20X

High static R.
Kickback disturbs display baseline.
Most sensitive system.

|
4
R—> -—cC
i T Example: P6038 Probe
<1 O
Statically: R =~ 100 k to 1 meg
C =< 2 to 3 pf
B. CATHODE FOLLOWER
I ~ . . .
) High static R; poor dynamic range.
R-> 1 Drives delay cable.
¢ z z,
| © Example: P6032 Probe
1
<L <
Statically: R = 0.1 meg to 10 meg
C = 2 to 10pf

Fig. 2-5. Types of ‘‘non-loading™ voltage-sensing probes.
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Operating Instructions — Type 4S1

2o
AAA o —
100 TYPE 45}
Rs INPUT
L v 50 .
- .0l
100
p'L

R+ Zo

Fig. 2-6. Reverse-terminated parallel method of coupling a signal
from within a circuit.

C
)L
)
R L
o«»—vav———fTﬂW\—i——o
be
T Yy T T T .
- | > =

R — Normal resistance, modified by skin effect.

C — Axial capacitance, end-to-end.
Typically 0.1 to 0.5 pf.

C— Distributed radial capacitance, =~1/3 pf per cm
of I. Cd varies by a factor of =2, depending on
third termina! distance.

L — Series inductance, =~ 3.3nh/cm. Valve varies
+200%, depending upon current return path.
Inductance can be increased by manufacturing
methods, for example, using a spiral configura-
tion.

Examples:
1. 10092, Yaw, 1V em. C=0.1pf Cy=1/3x1'A
== pf. L= 3.83x1; = 5nh

RC — 10 psec and L/R— 50 psec.

C4 divided in 3 places;
Center: C4/2; each end C4/4
R/4xCy/4 = 100/4 x 1/8 —3 psec.

2. 1000, Vow, 1V ¢m. RC— 100 psec and L/R
— 5 psec. RC4/16 — 30 psec.

Fig. 2-7. Equivalent circvit and environment of a deposited carbon
resistor,

2-6

1. Equivalent circuit of voltage-monitoring probe. Response to
fast step:

2. C2 is added to correct for normal ‘‘dribble-up”
resulting from distributed capacitance Cy.

<2

with €2 small

3. To correct for ‘““hook” C is increased, C3 added.

with C; larger

3 e ——-
o _f_
— ¢t T/ Tttt T

td % %!u with C3 added

Fig. 2-8. Fractional nanosecond compensation of low resistance
passive probes.

for sampling work because of the good high-speed response.
Small passive probes of the Type IA1 are available with rise-
times of 100 picoseconds and 200 picoseconds.

Major limiting factors, when building attenuator probes,
are the resistor characteristics at fractional nanosecond
speeds. Fig. 2-7 shows the equivalent circuit of a deposited
carbon resistor with normal axial leads. Because of these
equivalent circuit characteristics, frequency compensation of
the terminated cable probes of Fig. 2-5(IA) requires the
special construction techniques shown in Fig. 2-8.

The static input resistance of signal probes is measurable
with an ohmmeter. Yet at high frequencies, the input resis-
tance drops to a value equal to either the transient damp-
ing resistance or the resistance of the termination. The drop
in input resistance with increasing frequency is due to the
drop in reactance of the compensating capacitor across the
input resistor, exposing the low-resistance parts of the probe
to the input. Fig. 2-9 shows general curves of the types of
probes shown in Fig. 2-5.

Since the input resistance is down at high frequencies,
any series inductance will be significant. Fig. 2-10 shows an
equivalent circuit of a common high-speed probe with a

®




Operating Instructions — Type 451

107
‘\
AN
N
10°
[
\
\ I

10° \
L 1
)Y \
\

Input R

(ohms) \

10* X

L
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X
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NN \ ™ \
2
D\
102 \‘
1 4
‘~)L- -
10
107 1 10 10? 10° 10
Frequency (Mc) -

Fig. 2-9. Input resistance drop of some signal probes shown in Fig. 2-5: 1. Terminated cable; 2. Non-terminated cable; 3. Cathode-fol-
lower; 4. Direct-sampling.
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Operating Instructions — Type 4S1

-

\
\
\
=
\
\
\
|
|
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Fig. 2-10. Equivalent circuit of a high speed probe at frequency “f’
and general input reactance curve to a frequency past the point of
resonance,

general curve showing that the apparent input capacitance
at the 3-db down point is double the low-frequency value.
Thus, when using probes to measure fractional nanosecond
pulses, the signal source impedance must be low enough to
drive the increased capacitance in order to assure good
display fidelity.

When it is necessary to ac-couple a high speed probe,
the capacitor should be placed between the input attenuator
resistor and the probe cable (see Fig. 2-6). This minimizes
the differences between high-frequency input characteristics
with and without the coupling capacitor. In this 50-ohm
environment, stray capacitance to ground has a shorter
and more uniform time constant than it would if the capaci-
tor were placed next to the signal source which usually has
a higher impedance of unknown value.

To use a signal probe and obtain good display fidelity
requires not only knowledge of the probe, but also of the
circuit being measured. Fig. 2-11 is a simple example of how
a signal can be distorted by the measuring system.

Fig. 2-1Te shows the normal waveform at the transistor
collector before connecting the probe. When the probe is
connected in the manner illustrated, and the transistor is off,
E, drops to V../2 due to the voltage division between R,
and the probe resistor. Fig. 2-11f is the collector waveform
with the probe connected. The initial step readily follows the
input because Ry is very low compared to R or the probe
resistance. However, when the transistor turns off, the wave-
form rolls off slightly because Rr becomes very high and dis-
charge is through the two 1 k resistors in parallel. This wave-
form distortion could be nearly eliminated by using a probe
with a higher input resistance.

The loss in amplitude in Fig. 2-11f can be eliminated by
insertion of a coupling capacitor at the input to the Type
451 (Fig. 2-11d). In this case the initial step will still be fast,
and the turn-off will be only slightly slower than before. Due
to the ac-coupling, the voltage level will shift to center on
the average signal level (Fig. 2-11g}.

Use of the series method of coupling would be difficult in

this example, unless the chassis of the device under test
could be isolated from the oscilloscope chassis ground.
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{a) Circuit being measured
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(b) Equivalent circuit with transistor turned off.
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(c) Equivalent circuit during transistor turn-on.
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is transistor saturation resistance.

(d

Equivalent circuit of probe with coupling capacitor
at 451 input.
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(f) Transistor collector waveform with probe connected.

(g) Transistor collector waveform with probe and
coupling capacitor connected.
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Fig. 2-11. Typical measurement problem. Waveform distortion pro-
duced by test probe must be taken into consideration.




FIRST-TIME OPERATION

Since the Type 4S1 Sampling Unit is part of a system, you
should also read the operating instructions for the Type 661
Oscilloscope and the '5'-Series timing unit used with it.

With the Type 4S1 installed in the lower plug-in compart-
ment and a ‘5'-Series timing plug-in unit in the upper com-
partment of a Type 661 Oscilloscope, switch on the power
and set front-panel controls as follows:

Type 451
MODE A ONLY
Channel A POSITION Centered
Channel A MILLIVOLTS/CM 200

Channel A VARIABLE
Channel A DC OFFSET

CALIBRATED (at detent)

Set to zero at
OFFSET MONITOR.

TRIGGERING A, AC

Channel A DISPLAY NORMAL
Channel A SMOOTHING NORMAL
Timing Unit
Sweep Mode Norma! {Repetitive)
Samples/Cm 100
Triggering Internal +
Threshold Between — and O
Recovery Time Minimum
Time Position (Delay) Clockwise on Type 5T1A

(Minimum)

Sweep Rate 20 nsec/cm, calibrated
Oscilloscope

Horizontal Display X1

Position Centered

Amplitude/Time Calibrator Off

Intensity 90° clockwise from center

Connect an input signal to the Channel A INPUT connector
through a 50-ohm coaxial cable. If the signal amplitude is
over 2 volts peak-to-peak, be sure to attenuate it properly
between the cable and the INPUT connector. If the dc com-
ponent of the signal is over one volt, ac-couple the source
to the Type 4S1.

Locate the trace on the crt with the positioning controls.
Trigger the display with the timing unit triggering controls
and adjust the Intensity, Focus and Astigmatism for the best
presentation.

Since the oscilloscope and each plug-in unit is indepen-
dently calibrated at the factory, minor gain and timing ad-
justments may be required before making accurate amplitude
or time measurements. The adjustment for gain is given in
the Calibration section of this manual and in the Operating
Instructions section of the oscilloscope manual.

Do not replace or exchange plug-in subchassis without
reading the precautions given at the beginning of the Cali-
bration procedure. Do not interchange A and B Memory
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circuits. The Type 4S1 has been calibrated as a unit, so
parts or sections cannot be changed without requiring some
recalibration of the unit.

Use of the Smoothing Control

Time and amplitude noise may be objectionable when
operating at minimum deflection factors or maximum sweep
rates. This is often important when making documentation
photographs. The SMOOTHING control in the amplifier
feedback loop reduces the channel loop gain to allow ran-
dom noise reduction.

The SMOOTHING control will normally not affect the
risetime of the display unless the interval between samples
is a significant percentage of the total signal amplitude. To
test whether or not the SMOOTHING control is degrading
the display, change the timing unit Samples/Cm switch by a
factor of 2 or more and observe the amount of change in
the waveform display. If the change is insignificant, the
SMOOQOTHING control is not substantially affecting the dot
transient response. Fig. 2-12 shows the advantage of using
the SMOOTHING control when observing low-level signals.
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Fig. 2-12. 10 mv 10 Mc calibrator signal. Upper trace. normal
SMOOTHING. Lower trace, full SMOOTHING.

Use of the DC Offset Control

The DC OFFSET control for each channel of the Type 451
can be used in conjunction with the OFFSET MONITOR
jack for making accurate dc measurements of the input
waveform. The procedure for using dc offset for measur-
ing voltages is given under Voltage Measurements, later
in this section.

Each DC OFFSET control also permits cancellation of the
effects of a relatively high (up to ==1 volt] dc voltage in the
presence of a low-amplitude signal. By adjusting this con-
trol to cancel the dc voltage, any particular level of the
display (such as peak points) can be made to remain at the
same position on the crt screen while switching between
various steps of the MILLIVOLTS/CM switch.
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To adjust the DC OFFSET control for observation of a par-
ticular level of the waveform, proceed as follows:

1. Obtain a display of the input waveform in the usual
manner.

2. Set the MILLIVOLTS/CM switch to the lowest deflection
factor (highest sensitivity) to be used. With the DC OFFSET
control, move the selected level of the display to the grati-
cule centerline.

3. Switch the MILLIVOLTS/CM to the highest deflection
factor to be used. Again center the selected level on the
graticule, this time with the VERT. POSITION control.

4. Repeat steps 2 and 3 for the final adjustment.

Now leave the DC OFFSET control in this final position
while making observations of the display. The selected level
will stay at the same vertical position on the crt screen
while the MILLIVOLTS/CM switch is rotated between its
various positions. Sée Fig. 2-13. Use only the VERT. POSI-
TION controls for moving the display vertically on the crt
screen.
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Fig. 2-13. Display of Delayed Pulse output held stable at the
level of the dashed line through use of the DC OFFSET control.

VOLTAGE MEASUREMENTS

Vertical displacement of the crt trace is directly propor-
tional to the voltage at the INPUT connector of the Type
4S1. (For A VERT. B HORIZ. operation, the horizontal dis-
placement is proportional to the voltage at the Channel B
INPUT connector.) The amount of displacement for any
given voltage can be selected with the MILLIVOLTS/CM
switch. To provide sufficient deflection for best resolution, set
the MILLIVOLTS/CM switch so the display spans a large
portion of the graticule. When measuring between points on
a display, be sure to measure consistently from either the
top or the bottom of the trace. This will avoid including the
width of the trace in the measurements.
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Voltage Measurements from Display

To make a voltage-difference measurement between two
points on a display, proceed as follows.

1. Using the graticule as a scale, note the vertical deflec-
tion, in divisions, between the two points on the display. Be
sure the VARIABLE control is in the CALIBRATED position.

2. Multiply the divisions of vertical deflection by the num-
erical setting of the MILLIVOLTS/CM switch and the attenua-
tion factor, if an attenuator or probe is used. The product
is the voltage difference between the two points measured.

T
N [\
! / N
Amount of \
HHHHH Deflection  HAHHHHTHHHHNCHHHHHHHHHHHH-H

e

Pl er e by

Amount of Deflection x Setting of MILLIVOLTS/CM switch
— Voltage at INPUT connector

Example: 2.4 cm x 50 mv/em = 120 mv (peak)

Fig. 2-14. Voltage measurement from display.

As an example, Fig. 2-14 shows 2.4 divisions of deflection
between two points on the display. With the MILLIVOLTS/
CM switch set at 50, multiply the 50 by 2.4, the amount of
deflection, to obtain a product of 120 millivolts. This is the
voltage at the INPUT connector of the Type 451. Assuming
there is a 10X attenuator between the voltage source and
the INPUT connector, multiply the 120 millivolis by 10, the
attenuation factor, to obtain 1200 millivolts (1.2 volts) as
the voltage at the source.

To measure the instantaneous {dc) voltage-to-ground of a
signal, use the same general procedure as described pre-
viously. Before connecting the signal, establish a ground
reference level on the crt. To do this, set the timing unit for
a free-running trace, then vertically position the trace so that
it is exactly aligned with one of the horizontal graticule
lines. The graticule line should be selected on the basis of
polarity and amplitude of the applied signal. From this
time on, make no further adjustments with the VERT. POSI-
TION or DC OFFSET controls. After establishing the ground
reference, apply the signal and measure the voltage in the
manner previously described. Use the established ground-
reference as the point from which to make all measure-
ments.

If the applied signal has a relatively high dc level, the
ground-reference point and the input signal may be so far
apart that only one will be in the graticule viewing area.
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If this is the case, use the DC OFFSET control and the OFF-
SET MONITOR as described in the following paragraphs to
measure the voltage.

DC Offset Voltage Measurements

Voltage measurements made with the Type 661 Oscillo-
scope and the Type 4S1 can be far more accurate than the
normal resolution of a crt display, by using the DC OFFSET
control and the OFFSET MONITOR. Use the following proce-
dure for making measurements:

1. Obtain the desired display through normal operating
procedures.

2. With the VERT. POSITION or the DC OFFSET controls,
position the bottom of the waveform (or other desired refer-
ence portion) to the graticule centerline.

3. Measure the voltage at the OFFSET MONITOR jack
with a high impedance voltmeter, and record the reading.
This voltage will be 100 times the applied offset voltage.

4. Using only the DC OFFSET control, position the top of
the display (or other level to be compared) to the graticule
centerline.

5. Again measure the OFFSET MONITOR voltage, and
compare this value with the previous measurement. The dif-
ference between the two OFFSET MONITOR voltages, divid-
ed by 100, is the amplitude in volts at the INPUT connector.
If the input includes an attenuator, the signal source voltage
is then the final offset voltage value times the attenuation
factor.

DUAL TRACE OPERATION

The Dual Trace feature of the Type 4S1 permits viewing
signals into and out of an amplifier or other device, or sig-
nals of differing amplitude and time delay. This is accom-
plished by switching between the two channels at a 50 ke
rate. However, Dual Trace does not provide for comparison
of signals of differing repetition rates or frequencies, unless
the signals are harmonically related.

NOTE

Even though the system operates at a 50-kc
switching rate in Dual Trace mode, no 50-kc signal
is contained in the triggering signal fo the timing
unit. The triggering signal is taken off at the input
to the Type 4S1, not from a dual-trace switching
circuit as in some conventional oscilloscopes. Thus
the triggering is assured to be from one input only.

Connect the two input signals to the INPUT connectors
of the Type 451, preferably with equal delay coax cables
so the display time difference will be that of the device
under test. For large signals, be sure to use adequate at-
tenuation at the input. A discussion of phase measurements
is included later in this section of the manual.

The Dual Trace mode of operation can be demonstrated
by a signal from the oscilloscope calibrator if no other
signal source is available. To do this, connect two dissimilar
lengths of cable between the oscilloscope Amplitude/Time
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Calibrator and the two inputs on the Type 451. A coaxial
tee or transformer-matched tee may be used to connect the
cables. Such a display is illustrated in Fig. 2-15. The Cali-
brator output and each leg of the tee should present an
impedance of 50 ohms to avoid signal distortion. This can
be approximated by connecting a 2X or 5X attenuator on
each leg of the tee.
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Fig. 2-15. Dual trace display showing 100 Mc calibrator waveform
applied to Type 451 inputs through unequal length cables. The
signal displayed on the lower trace is passed through 8 nsec more
cable than the signal on the upper trace.

Use the following procedure for setting up the Type 4S1
for Dual Trace operation:

1. Set the oscilloscope and timing unit controls as given
in First-Time Operation.
2. Set the MODE switch on the Type 4S1 to DUAL TRACE.

3. Set the MILLIVOLTS/CM switches to give approximately
3 or 4 centimeters of display on each channel.

4. Set the TRIGGERING switch to either A or B. It is
usually most convenient to choose the trigger from the chan-
nel receiving the earlier input signal.

5. If the device under test inverts the output signal, you
may wish to place one channel DISPLAY switch to NORMAL,
and the other channel DISPLAY switch to INVERTED.

6. Set the timing unit Polarity switch to the polarity of the
triggering signal.

7. Trigger the display with the Threshold control on the
timing unit.

8. Select a sweep rate that will permit viewing two or

three cycles of the waveforms. If unknown, start at 10 nsec/
cm.

9. Adjust the triggering Time Position (Delay) and Samples/
Cm controls to provide the best presentation.

10. Adjust the SMOOTHING controls as required to
reduce random noise.

X-Y OPERATION

The X-Y (lissajous) mode of operation is convenient for
measuring sinewave phase differences and for making accu-
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rate frequency or timing adjustments to a known frequency
standard. This mode of operation is obtained by placing
the MODE switch in the A VERT. B HORIZ. position and ap-
plying the two signals to the INPUT connectors on the Type
451. Channel A then controls the vertical deflection of the
crt beam and Channel B controls the horizontal deflection.
The procedure for making X-Y phase measurements is given
later in this section of the manual.

Any two signals that are triggered by the same source, or
are otherwise related to a single frequency source, can be
conveniently displayed in X-Y mode. However, due to the
nature of the display in a sampling oscilloscope, false dis-
plays can be obtained when comparing two signals that
have completely independent frequency sources. Only very
stable signals can be used satisfactorily. If either of the
waveforms has frequency modulation or drift, the display
will be meaningless. It is necessary to have frequency coinci-
dence within 10 cps, regardless of the signal frequency, to
obtain a true display of frequency comparison.

With stable signal sources, the difference between two
signals can be adjusted to less than one cycle per second.
(For a 100 Mc signal, 1cps is equal to 1 part in 108). Thus
the accuracy increases with increase in signal frequency.
Adjustment should be made only after both sources have
come to operating temperature.

To adjust one stable frequency source to a known stand-
ard, proceed as follows:

1. Connect the frequency standard signal to one INPUT
connector on the Type 451, and connect the source to be
adjusted to the other INPUT. Cable length is not critical,
since phase is not important. Use attenuators, if necessary,
to keep the signals at the INPUT connectors within the volt-
age limits of the Type 4S1.

2. Set the MODE switch to DUAL TRACE, and set the
TRIGGERING switch to the channel with the standard source.

3. Adijust the controls of the timing unit and of the Type
451 according to normal operating procedures to obtain a
stable display of the standard signal. (The other waveform
may appear to be free running.) Use a high dot density. Ad-
just the sweep rate to display one or two cycles of the
waveform.

4. Adjust the variable frequency source as accurately as
possible to the standard frequency, while observing the dual-
trace display.

5. Set the MODE switch to A VERT. B HORIZ.

6. Make the fine adjustment of the frequency source by
adjusting the frequency control slightly until the lissajous
pattern stabilizes. A single loop that nearly retraces itself
indicates precise correlation of the two frequencies.

PHASE MEASUREMENTS

One complete cycle of a sinusoidal waveform, or other
trigonometric waveform, is considered to be 360 degrees.
Phase comparison between two waveforms of the same fre-
quency can be made with the Type 451 and a '5'-Series
timing unit in a Type 661 Oscilloscope. Either Dual Trace
mode or an X-Y presentation may be used.
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To retain phase relationships between the signals at their
sources, they must be applied to the inputs of the Type 451
through identical delay lengths of coaxial cable.

It is not necessary to provide an external triggering signal
from the reference waveform since internal triggering in-
formation is taken at the input connector selected by the
TRIGGERING switch. However, external triggering may be
used if the input signals are of low amplitude, or if external
trigger countdown is used for high-frequency signals.

In making phase measurements it is very important that
the width of the trace is not included. Measurements must
be consistently made from the same edge of the trace.

Linear Method

For phase comparison using the Dual Trace mode, it is
often convenient to first calibrate the oscilloscope sweep
in degrees of phase angle per centimeter of display. For
example, if the sweep rate is adjusted with the Sweep Time/
Cm and Variable controls on the timing unit so that one
cycle of the input waveform covers 8 centimeters of the
graticule, each centimeter then corresponds to 45 degrees,
and the display is calibrated at 45 degrees/cm. Any con-
venient relationship may be used for this calibration. The
use of 45 degrees/cm is suggested because this produces a
large display and also calibrates the sweep at 1 quadrant
{90°) for every 2 centimeters.

The relative amplitude of the two signals does not affect
the phase measurement, so long as both signals are centered
about the horizontal centerline. However, it is often easier
to read the phase difference if the amplitudes of the two
signals have been adjusted to be the same, using the MILLI-
VOLTS/CM and VARIABLE controls on the Type 4S1.

Fig. 2-16 shows two 100 Mc sinewaves in a Dual Trace
display where the apparent time difference is due to dif-
ferent lengths of coax cable being driven by a common
source. The difference in electrical lengths of the two cables
is seen to be 5.3 nsec. This display is also a true picture of
the phase difference between the two 100 Mc input signals,
but the phase difference in degrees would be difficult to
read from this display. Fig. 2-16b shows the same waveform
with the sweep rate changed to calibrate the displays at
45 degrees/cm. Now the phase difference between the two
waveforms can easily be read directly from the graticule as
190 degrees. It is important to note that the two waveforms
shown are present simultaneously on the crt.

Thus, to measure phase difference using the Dual Trace
mode:

1. Set the MODE switch to the channel to be used for
triggering.
2. Adjust the timing unit Sweep Time/Cm and Variable

controls to calibrate the sweep in degrees/cm (for example,
45 degrees/cm as mentioned above).

3. Set the MODE switch to Dual Trace.

4. Adjust the Channel A and Channel B controls to pro-
duce the desired displays of the two signals. Both DISPLAY
switches should be set the same, unless one waveform is
known to be inverted. If necessary, move the display hori-
zontally with the Time Position (Delay) control on the timing
unit.
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MODE B ONLY
DISPLAY (both channels) NORMAL
DC OFFSET (both channels) Midrange
TRIGGERING A or B as desired
SMOOTHING (both channels) NORMAL

2. With an unmagnified sweep, set the triggering con-
trols of the timing unit for a stable display showing from
one to five cycles of the input waveform.

3. Adjust the Channel B controls to obtain a display of
approximately 4 to 7 cm of vertical deflection. Do not use
the VARIABLE control, since it will not be in the circuit in
X-Y mode.

4. Set the MODE switch to A ONLY and adjust the Chan-
nel A controls for approximately the same display amplitude
as Channel B.

5. Set the MODE switch to A VERT. B HORIZ.

6. Center the display on the graticule with the Channel A
VERT. POSITION control and either the Channel B DC OFF-
SET or the oscilloscope Horizontal Position control. The dis-
play at this point will probably be an ellipse. If the dis-
play appears as a diagonal straight line the two sine waves
are either in phase (tilted upper right to lower left), or 180°
out of phase (tilted upper left to lower right). If the display
is a circle, the two sine waves are 90° out of phase. In
any case, these instructions apply for measurement of phase
differences.

Fig. 2-16. {a) Dual trace display of 100 Mc sinewave at sweep
rate of 2 nsec/cm; (b.) Same display with sweep calibrated at 45
degrees/cm.

5. Measure the horizontal difference in centimeters be-
tween corresponding points on the two phases.

6. Multiply the difference in centimeters by the number
of degrees per centimeter. This product is the phase dif-
ference in degrees.

The “leading” waveform is generally considered to be
the one to the left on the crt display. This nomenclature is
only relative, however, since either waveform can be called
the leading one on the display. If one signal is known to be
from a signal source and the other is a response waveform,
the source waveform usually leads the response.

X-Y Method

To measure the phase difference between two sine waves
of the same frequency, using an X-Y display, proceed as
follows:

1. Set the front-panel controls of the Type 451 as indicated:
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Example: 1.13/6.22 — sin © — 0.182; 0 —190°

Fig. 2-17. X-Y method of calculating phase difference (0) between
two sinewaves.

7. Measure the distance ‘A’ and 'B' on the display as
shown in Fig. 2-17. 'A" divided by ‘B’ equals the sine of the
phase angle between the two sine waves.

ALGEBRAIC ADDITION
Signal Addition

The sum of two input signals may be obtained by placing
the MODE switch in the ADDED ALGEB. position and the
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DISPLAY switches for both channels in the NORMAL position.
Either input signal may be used to trigger the display by
setting the front-panel TRIGGERING switch to the desired
channel. The positioning controls of both channels are ef-
fective for moving the single trace vertically on the crt.
However, the DC OFFSET controls should be set to center
the displays, and positioning should be done with the two
VERT. POSITION controls. If the dc level of either signal is
not centered in the dynamic range of its channel, distortion
can result. See note below.

Differential Mode

The difference of two input signals can be displayed on
the crt merely by inverting one of the input signals. When
either of the DISPLAY switches is set to INVERTED and the
other is in NORMAL position, the difference of the signals is
obtained.

The front-panel control labeled A-B BAL., which is the
Channel A gain control, can be used for minor adjustment of
the Channel A gain to match that of Channel B for operat-
ing differentially. By applying the same waveform to both
INPUT connectors through identical cables, and displaying
the two inputs differentially, the A-B BAL. control can be
adjusted for minimum deflection. There will probably be
minor unbalance in the display that cannot be eliminated.
This is not due to improper balance of the two channels, but
rather to minor differences in delay and attenuation caused
by the input cables.

NOTE

The dynamic range of each channel allows about
10 centimeters of display with no distortion, if the
signals into the Dual Trace circuit are electrically
centered. Therefore the input deflection factor for
each channel should be set to produce no more
than ten centimeters of deflection when displaying
only the signal for that channel. The Dual Trace
circuit is designed to operate around the center of
its dynamic range, which is =3 volts, producing
the display amplitude of ten centimeters. In Add-
ed Algebraic mode, especially when operating dif-
ferentially, it is possible to offset the Dual Trace
input enough to obtain a distorted display, if the
signal through the amplifiers exceeds the dynamic
range of the circuits. In any other mode of opera-
tion, if the offset voltage were to move the Dual
Trace input signal out of the proper range, the
display would be moved off the screen and no
distortion would be seen. In Added Algebraic
mode, however, the offset voltages of the two
channels can cancel each other and allow the dis-
play to be viewed even though part of the signal
may exceed the dynamic range of the channel.

Centering of each signal into the Dual Trace circuitry
can be readily adjusted with the DC OFFSET control. Note
that this adjustment offsets any dc component of the input
signal but does not zero the DC Offset, unless the signal is
centered on zero. Set the MODE switch to Dual Trace and
adjust the DC OFFSET control for each channel so that
there is no vertical movement of the display while changing
the DISPLAY switch of that channel from NORMAL to IN-
VERTED position. Do not readjust the DC OFFSET controls
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again while using the differential mode of operation, unless
another signal with a different dc level is used later. In
this case, the offset will need to be readjusted.

Then, with the MODE switch set to ADDED ALGEB., the
VERT. POSITION controls of the two channels can position
the display over the entire area of the graticule with no
distortion. If the signal amplitude through the circuitry is
approaching the maximum permissible amplitude (10cm of
display), it may be necessary to operate both VERT. POSI-
TION controls simultaneously to avoid display distortion.

Common-Mode Noise Reduction

In some applications, the desired signal appears with
some undesired coherent noise signal. In many cases, it is
possible to improve the signal-to-noise ratio through use of
the differential mode of operation of the Type 451. Connect
the signal source containing both the desired and the un-
desired signals to one INPUT connector. Connect a source
consisting of only the undesired signal to the other INPUT.
Be sure to use cable fengths that will allow the noise signal
on the two cables to reach the two inputs in phase. Set the
MODE switch to ADDED ALGEB., and set one DISPLAY
switch to NORMAL and the other to INVERTED. In the chan-
nel containing only the noise signal, adjust the MILLIVOLTS/
CM switch and the VARIABLE control to cancel or partially
cancel the noise in the other channel, permitting observation
of the desired signal.

Cable-Length Matching

Comparison can be made between the electrical lengths
of two similar nanosecond cables by operating the Type
451 differentially. With the MODE and DISPLAY switches
set for differential operation, apply a fast pulse to the
INPUT connectors through the two input cables in paraliel.
If the cables are not identical in length, a pulse will be dis-
played. As they are made equal in length, the pulse dis-
appears. To determine which of the cables is longer, pull
out slightly on one of the cable connectors, partially dis-
connecting it. If the pulse increases in amplitude, this is
the longer of the two cables; if the amplitude decreases it
is the shorter cable.

PULSE REFLECTION MEASUREMENTS

The high-frequency response of the Type 4S1 permits pre-
cise display of transmission-line characteristics. Reflections
that occur in a transmission line or its connections can be
detected directly from the oscilloscope display.

With its dynamic range of several volts and sensitivity in
the millivolt range, the Type 451 can resolve voltage reflec-
tions to better than 1 part in 10°. Fractional nanosecond
time resolution permits separation of points only a few
centimeters apart on a transmission line.

A signal travels down a transmission line at a rate of
propagation determined by the dielectric properties of the
insulating material between the two conductors. Each time
the signal encounters a mismatch, or different impedance, a
reflection is generated and sent back along the line to the
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Fig. 2-18. Diagram of Pulse Reflection Measurement system with approximately 0.4 nsec Risetime at Test Point.
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source, where it either adds to or subtracts from the input
signal. The amplitude and polarity of the reflection are de-
termined by the value of the mismatch impedance in relation
to the characteristic impedance of the transmission line.
If the impedance encountered is higher than that of the
line, the reflection will be of the same polarity as the ap-
plied signal and will add to it. If the mismatch impedance
is lower than that of the line, the reflection will be of op-
posite polarity and will subtract from the input signal at
the source. The amplitude of the reflected wave increases
with the degree of mismatch. In the two extreme cases of
mismatch, zero and infinite impedance, the reflection ampli-
tude is equal to that of the applied signal, so the reflection
either doubles or cancels the signal.

The following sub-sections give typical methods used to
correlate an observed reflection with a transmission line dis-
continuity, in amplitude and time, and to describe a system
capable of 0.1% voltage reflection measurements.

Pulsing the Transmission Line

In the system diagrammed in Fig. 2-18, a flat-topped fast-
rising step is generated by the Type 110 Pulse Generator.
The series capacitance and resistance at the end of the
charge line provides an exponential return to the initial volt-
age. Thus, the driving pulse has only one fast transition for
interrogation of discontinuities. The single fast transition
minimizes the confusion associated with the interpretation
of waveforms, and reduces extraneous system reflections.
Triggering energy is extracted in the trigger-takeoff section
of the Type 110 and is delayed by 60 to 70 nsec before
reaching the External Trigger Input connector of the timing
unit. This delay is needed to place the test point reflected
signal within the “time window" of the timing unit. An alter-
nate triggering method is to locate a trigger-takeoff trans-
former near the test point, but this is not recommended since
the transmission loss of the trigger device is included twice.

The output from the Type 110 passes directly through a
2X T attenuator into a 50-ohm tee connector. One half of

the transmitted energy then travels toward the test point,
and the other half travels toward the Type 4S1 input. In
the path to the test point, the pulse is delayed well past the
exponential decay of the drive pulse by the Type 113 De-
lay Cable, so the reflection signal arrives at the input
to the Type 4S1 well separated from the drive pulse. The
reflection from the test point returns to the tee section, and
is divided, one half going to the Type 4S1 input and the
other half going back toward the Type 110. The 2X T at-
tenuator, between the Type 110 and the tee section, es-
sentially eliminates any secondary reflections from the signal
that goes back to the Type 110. The reflected signal going
to the Type 4S1 passes through an attenuator that further
reduces any small reflections of the system. Note that sys-
tem reflections of 1%, considered small for most uses, can
be quite disastrous when 0.1% resolution is desired. Fig.
2-19 is an idealized waveform showing the complete pulse
train as seen at the Type 451 input.

Setting up the Test System

The Pulse Generator section of the Type 110 requires a
single-ended set-up for this application, to assure that the
signal for reflection measurements consists of a single trace.
Only one contact of the mercury pulser is used for this ap-
plication, with the other contact grounded.

Follow the system layout as diagrammed in Fig. 2-18. To
standardize the amplitude of the reflection signal from the
unterminated test point, use the following procedure:

Set the Type 4S1 controls:
MILLIVOLTS/CM 200
SMOOTHING NORMAL
Type 661 Oscilloscope controls:

Sweep Magnifier X1
Amplitude/Time Calibrator OFF

>

~130 nsec

A

Primary Pulse

0l—) / (shorted)
p—

Reflection From Test Point

Fig. 2-19. Line drawing of complete pulse train.
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Timing Unit controls:

Sweep Rate 5 nsec/em
Triggering External +
Recovery Time Minimum
Samples/Cm 20
Threshold Between O and +
Sweep Mode Normal (Repetitive)

Type 110 controls:

Pulse Generator On (Free Run)

Amplitude Voltage Range 50
Amplitude 30 to 50
Pulse Polarity +
Takeoff-Ext 50 Q Takeoff
Attenuator +3.16
Inverter +1
Amplifiers 1 and 2 X1

Ext. Output-Regenerator Ext. Output

Trigger Sensitivity Counterclockise

Obtain a stable display similar to Fig. 2-20. Note that
changing the pulse generator amplitude does not shift the
display base line. Use the VERT. POSITION control on the
Type 4S1 and the pulse generator amplitude control to
obtain eight centimeters of deflection on the crt. Position
the display so that the top of the display is 2cm below
the top graticule line, then increase the pulse amplitude until
the top of the display is at the top graticule line. This ad-
justment produces a display amplitude of 10cm, or a pulse
amplitude of 2 volts peak-to-peak at the INPUT connector
of the Type 4S1.

T
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Fig. 2-20. Reflected signal from unterminated test point.

The reflected signal of Fig. 2-20 shows coax cable dis-
tributed losses. The slow signal rise between points A and
B (called “dribble up”) is a normal coax characteristic, and
is a result of reduced high-frequency response due to con-
ductor skin-effect resistance. Allowance must be made for
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this effect when setting the gain for accurate impedance
measurements. For short duration impedance measurements,
use point A to set the display at ten centimeters. For ac-
curate long duration impedance measurements, use point B
to set the display amplitude. For measurements between
points A and B, use the amplitude associated with the trans-
mission time of the particular device to set the gain. In any
case, establishing the known amplitude with the MILLIVOLTS/
CM switch set at 200 permits vertical magnification of the
display up to 1000 times. When magnified at the 2 mv/cm
position, each centimeter of displacement is equal to 0.1%
reflection. The Type 451 SMOOTHING control can be use-
fully employed when operating at full sensitivity, if dot
density is sufficient.

Impedance Measurements

Impedance determinations in the following calculations
are based on standard 50-ohm systems. For other systems,
the relationships should be calculated with the characteristic
impedance of the system substituted for the 50 ohms in the
following equations.

An impedance of Z, encountered at the test point will
produce a voltage reflection p in a system of impedance Zo,
as given in the following formula:

p= L=Zo (Equation 2-1)
Z +Zo

If we let A represent the difference between the unknown

impedance and that of the system;

A:ZL—ZO

or Zy =A+1Zp (Equation 2-2)
In a 50-ohm system, this becomes:
ZL=A4+50
Substituting in equation 2-1,
p= TOA-{TT (Equation 2-3)

Thus the impedance difference is:
100 p
T—p
and 7, = Zo + :—OO—P
—p

Equation 2-5 is valid for sections of transmission line not
less than 0.5 nsec in electrical length, and for resistive ter-
minations.

A= (Equation 2-4)

(Equation 2-5)

For the special case where p is small, Z, is close to 50
ohms, and A is also small. In this case, equation 2-3 be-
comes:

100
thus: A =100 p
and ZL:Zo+]Oop

When Z, is nearly equal to the characteristic impedance
of the system, highest resolution is possible by comparing

(Equation 2-6)
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an unknown impedance with a termination of known im-
pedance, measured on an accurate bridge.

Location of Discontinuities

A length L, along the reflection stub described above,

will have a transit time of VL , where V, is the propag-
P

ation velocity. Since the reflection must travel back through
the reflection stub, the oscilloscope will display the time be-

tween discontinuities in the stub as 2 , where L is the
P

physical separation. Thus, positions that are 30 cm apart
on a coaxial line with air dielectric will appear 2 nsec apart
in the reflection display. If it is desired to locate accurately
the position of a small lumped discontinuity, it is usually
possible to add a small reflection to the system near the
discontinuity, calculate the rate of propagation in the line,
then determine the position of the unknown discontinuity.

2-18

Measurement of Small Discontinuities

In many instances of pulse reflection tests, the major con-
cern is with discontinuities which are both short in length
and small in magnitude. Since the reflections from this type
of discontinuity are very short compared to the risetime of
the system, the reflections are reduced in amplitude and
“smeared” in time by integration within the test system.

If the double transit time (2T) of a small impedance devia-
tion in a transmission line is very short compared to the test
system risetime (T}, the observed voltage reflection (pes) will
be less than the actual reflection (p), as stated in the rela-
tionship:

P = Pobs (Equation 2-7)

_r
Vil

If the double transit time of a discontinuity is less than
about .1 nsec (compared to the 0.35 nsec T, of the Type 451},
this variation should be taken into consideration for accurate
determinations.

Gordon D. long, ‘‘Pulse Reflections Pin Down Discontinvities,”
Electronic Design, May 10, 1963.




SECTION 3
CIRCUIT DESCRIPTION

GENERAL INFORMATION

The Type 451 is a balanced-bridge error-correction type
sampling unit providing vertical deflection voltages for the
Type 661 Oscilloscope. The unit has two independent chan-
nels controlled by the MODE switch. Each channel has an
internal trigger-takeoff circuit which may be used to trigger
the timing unit. The input signal is delayed 45 nsec after
the frigger takeoff to allow the timing unit to begin the
sampling cycle before the signal has reached the sampling
gate diode bridge. A zero-order-hold memory is used in
each channel to remember the value of the previous sample.

The sampling repetition rate ranges from 50 cps to 100 ke.
This rate is determined by both the repetition rate of the
triggering signal and the recovery time of the timing unit.
if a rate slower than 150 cps is used, the memory output
may drift, and memory "dot slash” may be seen. The maxi-
mum rate of 100 ke allows sufficient time for the sampling
unit to pass a sample and recover before another sample
is taken. Above 100 kc countdown must be provided, either
by the timing unit or by some external device.

Most of the circuitry in the Type 4S1 is mounted on plug-
in subchassis. The front panel and main frame unit con-
tains only the controls, delay lines, interconnecting wiring,
attenuators and Trigger Amplifier subchassis. The plug-in
subchassis are: Sampler; AC Amplifier; Memory (one for each
channel); Inverter, and Dual Trace. Each of these will be
discussed here. The two interconnecting plugs at the rear of
the frame, and the two coaxial connectors on top, connect
the circuitry of the Type 4S1 to the oscilloscope and the
timing unit.

This circuit description will be limited to a discussion of
the operation of the various circuits. Anyone not familiar
with the general concept and principles of sampling may
also wish to refer to some introductory material on sampling,
such as the Tektronix publication, “Sampling Notes."

SIMPLIFIED BLOCK DIAGRAM

A simplified diagram of the Type 4S1 circuitry is shown in
Fig. 3-1. Each functional circuit is represented as a block,
with external controls labeled. More detailed block dia-
grams may be found at the beginning of the Schematics sec-
tion and with the descriptions of the individual circuits. Refer
to the simplified block diagram during the following discus-
sion.

The input signal is applied to the Type 4S1 through a
50-ohm coaxial connector, then travels through the Trigger
Takeoff system and 45nsec of 50-ohm delay cable to the
Sampling Gate. The Trigger Takeoff circuit takes off a small
portion of the input signal and sends trigger pulses to the
Trigger Amplifier. The output of the Trigger Amplifier is
then applied to the triggering circuitry of the timing unit to
start the sampling cycle. The timing unit may also be trig-
gered by pulses from an external trigger source.

®

After being triggered, the timing unit sends a command
pulse to the Blocking Oscillator on the Sampler subchassis
of the Type 451. The Blocking Oscillator pulses the Snap-
Off circuit with a fast pulse and the Memory Driver with a
slower pulse. Short push-pull pulses from the Snap-Off
circuit are applied to the Sampling Gates in both channels,
strobing the Sampling Gates into conduction for about 0.35
nsec. During this brief period, the input signal in each chan-
nel is passed through the Sampling Gate. The signal attempts
to charge the stray capacitance (C) of the circuitry from its
previous voltage level to the level of the input signal at the
instant of sampling. However, the strobe pulse ends and
the gate stops passing signal before the input capacitance
has had time to charge completely.

The small correction sample pulse that was passed by the
Sampling Gate is amplified about 2.5 times in the Sampler
Amplifier, then passes through the MILLIVOLTS/CM switch,
where it may be attenuated, and is sent on to the AC
Amplifier to be inverted and amplified about 280 times.

By the time the signal pulse reaches the Memory Gate,
the Memory Gate Driver has pulsed this gate into conduc-
tion, so the sample is passed from the AC Amplifier to the
Memory circuit. The Memory re-inverts the signal and stores
the value of the pulse on the memory capacitor. The out-
put of the Memory is then applied to the Dual Trace circuit,
either bypassing the Inverter for normal display, or passing
through the Inverter for inverted display.

Between the Inverter and the Dual Trace circuit, the dis-
play gain is set by the A-B BAL control (for Channel A)
or the B CAL. control (for Channel B). Passage of either
or both of the two signals through the Dual Trace circuit
to the oscilloscope vertical circuitry is determined by an
electronic switch controlled by the front-panel MODE
switch.

A portion of the Memory output is sent back through a
positive feedback loop to the sampling bridge. Since the
Memory Gate stops conducting immediately after the
sample pulse has passed, the feedback signal cannot re-
generate through the main signal path. Amplitude of the
signal in the feedback loop is set so that it will bring the
charge on C; up to the total input signal voltage at the
instant it was sampled. The Sampler is then ready for the
next sample, which will be initiated by the next trigger
pulse.

Fig. 3-2 traces a single sample pulse through the sampling
channel, and shows the effect of feedback. In the illustra-
tion, the attenuator switch is set at 200 MILLIVOLTS/CM
(fully counterclockwise). A sample pulse is shown resulting
from sampling the input signal ("a”) at a time when it is
100 millivolts above the level at the output of the Sampling
Gate. The level of the previous sample is taken as zero for
convenience.

A very fast rise is seen at the output of the Sampling
Gate ('b") while the gate is forward biased. The pulse
amplitude reaches about 25 millivolts before the gate stops
passing signal, then the signal begins to drop very slowly.
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Channel B is identical to Channel A, except where indicated.

Simplified Block Diagram of Type 451.

Fig. 3-1.
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Fig. 3-2. A single sample signal traced through the feedback loop (see text).

The Sampler Amplifier amplifies the step about 2.5 times to
give an output of 62 millivolts. Due to circuit losses,
especially in capacitive coupling, the gain of this and sub-
sequent stages is only about 609 of the cumulative gain
of the individual circuits. Thus the actual amplitude out of
the Sampler Amplifier is about 50 millivoits (c”). The gain
factors given in Fig. 3-2 are the actual gain factors in the
various sections of the feedback loop. The Sampler Ampli-
fier output is attenuated by a factor of 100 with the MILLI-
VOLTS/CM switch set at 200, giving an amplitude of .5 milli-
volts. The attenuated signal is not shown in the._illustration.
(Attenuation can be deceased to zero when the MILLI-
VOLTS/CM switch is set to 2).

The error-correction signal is then amplified about 280
times in the AC Amplifier to produce an output of about
100 millivolts {"d"). This amplitude is not seen at the input
to the Memory circuit, however, due to the fact that the
Memory is a high gain amplifier with negative feedback
that holds its input nearly stationary.

®

Circuit gain of the Memory is about 3. Therefore, taking
circuit losses into consideration, the gain from the AC
Amplifier to the Memory output is about 600, producing an
amplitude of about 300 millivolts in the illustration (“e").
The Memory Gate then stops conducting and the charge on
the memory capacitor holds the output level at 300 milli-
volts. The output is sent back through the feedback attenua-
tor where it is attenuated by a factor of 3 to give an ampli-
tude of 100 millivolts. (Feedback attenuation can be in-
ceased to 300 with the MILLIVOLTS/CM switch set to 2).
The attenuator applies the signal to the Sampler to bring
the output level of the Sampling Gate up to the 100 milli-
volt value of the input signal at the instant of sampling
(“f'). The channel is then ready to take another sample.

Each subsequent sample is taken at a later point on the
waveform, as determined by the staircase generator of the
timing unit. Thus the signal through the circuitry, from the
Sampler to the oscilloscope, is a series of pulses, each of
which is proportional to the change in signal level between
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sampling instants. The series of level-correction signals
from the Type 4S1 is sent to the oscilloscope vertical cir-
cuitry where it draws out the input signal as a series of dots
on the crt. If the signal level does not change between
samples, no signal passes through the circuitry, and a straight
line of dots is presented.

Since the vertical circuitry of the Type 661 Oscilloscope
requires 600 millivolts of signal amplitude from the sampling
unit for each centimeter of trace deflection on the crt, the
output deflection factor of the Type 4S1 must remain con-
stant at 600 mv/cm in relation to the input. To maintain
this relationship and still be able to change the input de-
flection factor for viewing both large and small signals,
the signal gain of the channel and the sample-pulse ampli-
fication must both be varied. These two functions are per-
formed simultaneously by the action of two attenuators
operated by the front-panel MILLIVOLTS/CM switch, as ex-
plained later in the description of the Feedback Loop.

The front-panel SMOOTHING control in the AC Ampli-
fier feedback decreases the gain of the sample amplifica-
tion loop. This reduces random noise by limiting the ability
of the circuit to keep up with input signal changes, but
does not normally affect the crt display amplitude set by
the feedback attenuator, circuit parameters and display
gain controls.

INPUT AND TRIGGER TAKEOFF

Input

The input connectors on the Type 4S1 are 50-chm GR
Type 874 connectors. These assure maximum uniformity of
input impedance and a universal quick-mate system. Char-
acteristic impedance of the input is within 1% of 50 ohms.

Trigger Takeoff

The Trigger Takeoff circuit for each channel is located
immediately behind the front-panel input connector. It con-
sists of a ferrite core transformer, T1001 or T2001, and a
dc connection to the coax center conductor. Fig. 3-3 shows
an exploded view of the Trigger Takeoff.

In each channel the takeoff circuit extracts a total of
about 1% of the input signal energy. Both the ac- and dc-
coupled outputs are connected to the TRIGGERING switch,
SW1004, which selects the channel to be used for triggering.
The Trigger Takeoff in the channel selected for triggering
is connected through the TRIGGERING switch to the inputs
of the Trigger Amplifier. The Trigger Takeoff in the channel
not used for triggering is connected to passive loads that
simulate the Trigger Amplifier connections. Each takeoff
circuit is frequency compensated so aberrations will not be
introduced into the input signal.

Delay Line

To be able to display the signal that was used to trigger
the first sampling cycle of a sweep, the input signal must be
delayed by at least 40 nsec to allow for the 40 nsec the
timing unit requires to respond to internal triggering in-
formation.

This signal delay is provided by passing the signal through
a special 45-nsec delay cable between the Trigger Takeoff
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Fig. 3-3. Exploded view of trigger takeoff.

and the Sampling Gate. The timing unit can then start the
sampling cycle before the signal reaches the input bridge,
and samples can be taken on the leading edge of a frac-
tional nanosecond signal. The delay line, which is manu-
factured by Tekironix to be within 2% of 50 ohms char-
acteristic impedance, has negligible fast-rise signal reflec-
tions.

TRIGGER AMPLIFIER S/N 101-1349

The Trigger Amplifier circuit consists of a high-frequency
section, Q1014, and a low-frequency section, Q1023 and
Q1024. The two sections amplify the ac and dc outputs from
the Trigger Takeoff, then combine them and send the com-
posite signal to the timing unit. This is the internal triggering
signal to be used for triggering from the selected input
channel. Operating range of the Trigger Amplifier is from
dc to 1 gigacycle, with effective crossover from dc- to
ac-coupling occurring at about 350 kc. Amplitude of the
signal to the timing unit is about Ygth the amplitude of the
applied input signal. Refer to Fig. 3-4 (inset) and the Trigger
Amplifier diagram (S/N 101-1349) in the Schematics section
during the following discussion.

Dc and low-frequency signals taken from the center con-
ductor of the Trigger Takeoff are applied through R1002 (or
R2002) and the TRIGGERING switch to the base of emitter
follower Q1013. The emitter follower drives the low-fre-
quency amplifier, Q1024, which is collector-coupled to the
output through L1015 and the AC-DC switch, SW1019. In-
ductor L1015 serves to isolate Q1014 from the low-frequency
section. Negative feedback in the low-frequency amplifier is
provided by R1033 and C1023 for low frequencies, and by
R1036, C1036 and C1037 for mid frequencies.

Inductively-coupled high-frequency signals from the trigger
takeoff transformer (T1001 or T2001) are applied through
the TRIGGERING switch and through C1014 and R1014 to
the emitter of Q1014. The high-frequency signals are am-
plified by Q1014, then combined with the low-frequency
signal from Q1024 to be sent to the timing unit,

TRIGGER AMPLIFIER S/N 1350-UP

The Trigger Amplifier circuit consists of an emitter follower,
Q1013, and an amplifier transistor, Q1024. The ac and dc
outputs from the Trigger Takeoff are amplified and mixed
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Fig. 3-4. Block Diagram of Trigger Amplifier.

by Q1024, then sent to the timing unit to provide internal
triggering from the selected input channel. Operating range
of the Trigger Amplifier is from dc to 1gc, with effective
crossover from dc- to ac-coupling occurring at about 3.5 Mc.
Amplitude of the signal to the timing unit is about Vgth
the amplitude of the applied input signal. Refer to Fig. 3-4
and the Trigger Amplifier diagram (S/N 1350-up) in the
Schematics section during the following discussion.

Dc and low-frequency signals taken from the center con-
ductor of the Trigger Takeoff are applied through R1002,
L1002 (or R2002, L2002) and the TRIGGERING switch to the
base of emitter follower Q1013. The output of Q1013 is then
applied to the base of Q1024 where it is amplified and
mixed with the high-frequency portion of the triggering
signal.

Inductively-coupled high-frequency signals from the trigger
takeoff transformer (T1002 or T2001) are applied through
the TRIGGERING switch and through C1022 and R1022 to the
emitter of Q1024. The high-frequency signal is amplified by
Q1024 and mixed with the low-frequency signal applied at
the base of the transistor. The combined triggering signal at
the collector of Q1024 is coupled through D1026, C1023,
T1024 and the AC-DC switch (SW1019) to the output jack.
The output dc level is set to zero volts with the TRIG ZERO
adjustment, R1029.

The dc current path to the output is through transformer
T1024 and Zener diode D1026. At low and mid frequencies,
the signal to the timing unit passes through this dc path
and through C1023. At very high frequencies, however,
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T1024 prevents the signal from passing through D1026 and
the output signal path is primarily through C1023.

SAMPLER
Subchassis Series 1 and 7

Mounted on the Sampler subchassis are a Sampling Gate
diode bridge and Sampler Amplifier for each of the two
channels, and also the Blocking Oscillator, the Snap-Off
Circuit and the Memory Gate Driver. A detailed block
diagram of the Sampler circuitry is shown in Fig. 3-5.
Refer also to the Sampler schematic diagram in the back
of this manual. Since the two channels are identical only
the Channel A Sampler circuitry will be discussed.

Blocking Oscillator

A positive command pulse of about 2 volts is received
from the timing unit by way of a 50-ohm coax which is
threaded through a toroid to prevent transmission of stray
pickup from the Sampler. The pulse is applied through C2018
and D2018 to the collector of the Blocking Oscillator transis-
tor, Q2010, and is coupled to the base circuit as a negative
pulse. Quiescently, Q2010 is turned off, being reverse-
biased by D2013. When a pulse is received, the combina-
tion of a negative-going base and a positive-going collector
causes this transistor to turn on and saturate very fast, due
to the common-emitter configuration. As Q2010 turns on, a
fast 10-volt positive pulse is sent through C2010 to T2004 in
the Snap-Off circuit. At the same time the two-turn coil of
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Fig.3-5. Block Diagram of Sampler.

T2010 couples a negative pulse to the Memory Gate Driver
circuit,

After saturation has occurred in Q2010, the normal block-
ing oscillator backswing begins, but D2010 stops the back-
swing at about —19 volts, so that no overvoltage is applied
to the transistor. At the same time, the charge on C2013
reverse-biases the base of Q2010, allowing a quick return to
equilibrium.

Memory Gate Driver

The Memory Gate Driver transistor, Q2024, is normally
biased to cutoff by a slightly positive voltage on its base.
As a negative pulse is received from the Blocking Oscillator,
D2022 conducts and forward biases Q2024 into conduc-
tion, then into saturation. Collector current flows through
R2027, R2028 and the Memory Gate coils (not through
D2024 and R2024).

As the pulse from the Blocking Oscillator ends, D2022 be-
comes reverse biased and decouples the circuits. The posi-
tive output pulse to the Memory Gates continues until the
base of Q2024 becomes slightly positive again and cuts
off this transistor. With D2022 reverse biased, the only dis-
charge path for the base circuit is through R2022 and the
MEMORY GATE WIDTH control, R2023. Therefore, these
two resistors determine the length of time that Q2024 re-
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mains saturated, and thus the duration of the Memory Gate
Driver output pulse. D2024 and R2024 reduce ringing in the
collector circuit when Q2024 cuts off.

Snap-Off Circuit

Quiescently, the current-storage (snap-off} diode, D2004,
is conducting with a forward current of about 10 to 80
milliamperes from —19 volts to ground, through the SNAP-
OFF CURRENT control, R2007. This control adjusts the
quiescent current and thus the storage of D2004. As trans-
former T2004 receives a positive pulse from the Blocking
Oscillator, it converts the pulse to push-pull and applies
it to D2004, which then begins to conduct heavily in the
reverse direction as its stored charge is “‘swept out." This
reverse current sends a heavy push-pull current pulse into
the 50-ohm clipping line.

When the stored charge in the diode has been depleted,
the current pulse ends sharply, forming push-pull voltage
pulses at the input to the clipping line and the sampling
bridge strobe leads. The voltage pulses pass through isola-
tion and balancing circvitry to the Sampling Gate where
they overcome the reverse bias of the bridge diodes and
allow the Sampling Gate to pass the input signal for an
instant. At the same time, the voltage pulses propagate
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down the clipping line, which is essentially a transmission
line terminated in a short, and are reflected back as in-
verted pulses. When the inverted pulses reach the strobe
leads, they cancel the strobe pulses, allowing the Sampling
Gate to return to its normal non-conducting state. The
double-transit time of the clipping line is approximately
0.35 nsec, establishing the duration of the sampling pulses.
After D2004 has cut off, R2008 and C2008 act as a termina-
tion for the Blocking Oscillator until jts pulse has ended.
The reflection energy stored in C2004 discharges through
the snap-off bias path before the next sample.

T1052 couples the push-pull strobe pulse to the corners
of the sampling bridge and isolates the triggering circuitry
and the bridge in the other channel from the signal input.
L2057 and R2057 between the clipping line leads are pro-
vided to reduce multiple reflections of the strobe pulses.

Sampling Gate

The diodes in the Sampling Gate bridge {D1044 through
D1047 in Channel A), are special gallium arsenide diodes
with very fast switching characteristics. The delay line is
terminated at the input to the Sampling Gate by the 50-ohm
disc resistor, R1041, to prevent reflections.

Quiescently, the Sampling Gate bridge diodes are reverse
biased, preventing passage of the input signal which is
always connected through the delay line to the input of the
bridge. Reverse bias is about 2.5 volts across each diode,
set by the A BRIDGE VOLTS control, R1067. When a push-
pull strobe signal from the Snap-Off circuit is received
by the sampling bridge, about 1.5 volits of forward bias is
applied across each of the four diodes, causing about 10
milliamps of forward current, and for a moment the diodes
pass the applied input signal. Balance of the reverse bias
is adjusted with the A BRIDGE BAL. control, R1063, so that
no error-correction signals are produced when there is no
voltage change at the input.

The Sampling Gate source resistance is 25 ohms, since

Circuit Description — Type 4S1

the input circuit is a 50-ohm transmission line paralleled by
a 50-ohm resistor. The response time of the Sampling Gate
and the Sampler Amplifier grid circuit is determined by this
resistance as well as by gate resistance, shunt stray capaci-
tance and series inductance. The 0.35-nsec duration of the
Snap-Off pulse, which is much shorter than the Sampler
response time, limits the amplitude of the sampled signal
to about 259% of the difference between the feedback level
and the level of the new sample. If there is no difference
between the feedback and the new sample level, no correc-
tion signal will pass through the channel, and the new dot
will be displayed at the same level as the previous one.

The Blocking Oscillator, Snap-Off circuit and Sampling
Gate are the critical circuits determining the effective dura-
tion of the strobe pulse, and thus the risetime of the unit.
Because only about 25% of the difference signal gets
through the Sampling Gate, leaving 75% of the Memory
output signal to be made up by the amplifier stages, the
Type 451 is said to have a sampling efficiency of 25%.
A short time after the sample has been taken the positive
feedback from the Memory output brings the level of the
Sampling Gate output and strobe input corners up to the
full signal value. Then the next sample corrects only for
any change since the previous sample.

All the internal adjustments that control sampling efficiency
for both channels are located on the Sampler subchassis.
These are: SNAP-OFF CURRENT, R2007; MEMORY GATE
WIDTH, R2023; A and B BRIDGE VOLTS, R1067 and R2067;
and A and B BRIDGE BAL., R1063 and R2063.

Sampler Amplifier

The sampled pulses from the Sampling Gate are sent
through L1070 to the Sampler Amplifier, consisting of V1073
and Q1074. V1073 amplifies the sample signal and sends
it to the base of Q1074. The signal is amplified again by
Q1074 and sent through blocking capacitor C1079 to the
MILLIVOLTS/CM switch, SW1101, to be applied to the AC

MEMORY
SMOOTHING 4 CAPACITOR
BALANCE chna2
R108i R1I25 K
Y
ERROR SAMPLE QIoa4 Q1104 VERTICAL
FROM SAMPLER 48 x ex chnai M Dli3o MEMORY OUTPUT LEVEL
AMPLIFIER  —pm— | —>>——|(——> EMORY -
THRU RI080 AMPLIFIER AMPLIFIER GATE J V“?,’:‘“ To 'Ng:RTER
ATTENUATOR Q1094 Qi3 Tnap P31 Q4 DUAL TRACE

ciioz

/]

TO DC OFFSET

PULSES FROM § FEEDBACK
MEMORY GATE AT TENUATOR
DRIVER RI47

Fig. 3-6. Block Diagram of AC Amplifier and Memory.
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Amplifier. Amplification through the Sampler Amplifier cir-
cuit is about 2.5 times, and the output is stretched due to
the capacitance at the input grid. The feedback loop from
the collector of Q1074 to the cathode of V1073 sets the
output amplitude and also bootstraps V1073 to keep the
impedance of the grid circuit relatively high.

Because the amplitude of the pulses from the Sampling
Gate is proportional to the change in signal amplitude since
the previous sample, the output signal from the Sampler
Amplifier is only the amplified and stretched correction
signal.

ERROR-SIGNAL ATTENUATOR

The sample signal passes through attenuator R1080 (R2080
in Channel B), on its way from the Sampler Amplifier to the
AC Amplifier. The value of R1080 is controlled by the posi-
tion of the front-panel MILLIVOLTS/CM switch SW1101
(SW2101 in Channel B), which also operates the feedback
attenuator. Sample attenuation at each step of the switch
is set fo maintain a loop gain of 1 in the feedback loop as
the output signal amplitude is changed by the feedback
attenuator. R1080 provides seven attenuation values, rang-
ing from zero at the 2mv/cm position to 100X at 200 mv/
cm.

AC AMPLIFIER

Subchassis Series 2

The AC Amplifier subchassis contains an amplifier for each
of the two channels. Since the two amplifiers are identical,
only Channel A will be described. Refer to the block
diagram in Fig. 3-6, and to the AC Amplifier schematic
diagram.

The amplifier receives signals {correction samples) from
the Sampler Amplifier through the MILLIVOLTS/CM switch,
amplifies them about 280 times, inverts the signals and sends
them to the Memory circuit.

The AC Amplifier is made up of two stages of amplifica-
tion with dc-coupled feedback for each stage, and a third
dec feedback path around the whole circuit. The input dc
level is zero volts to ground, and the input resistance to
ground ranges from 10 ohms at 200 mv/cm to 1000 ohms at
2 mv/cm. Dc stabilization provided by R1115 in the ex-
ternal feedback loop does not affect the pulse signals
through the circuit. The external feedback path includes the
front-panel SMOOTHING control, R1081, that allows a gain
reduction of about four-to-one to reduce random noise.

When the SMOOTHING control is set to NORMAL (zero
resistance), the gain of the first stage (Q1084 and Q1094)
is about 48, set by the ratio of R1089 to R1083. When using
full smoothing, the gain is about 9, set by the ratio of
R1089 to R1083 and R1081 (SMOOTHING]) in series. The
gain of the second stage (Q1104 and Q1113) remains fixed
at about 6, set by the ratio of R1107 to R1096.

The high-frequency stability of the first amplifier stage
is determined by the fixed capacitor, C1089. Compensa-
tion of the second stage is adjusted during calibration by
C1107.
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The duration of signal pulses passed by the amplifier is
about 1 usec. Normally the feedback loop limits the ampli-
tude of the AC Amplifier output pulses to less than 1 volt,
but if the display has to move 8 centimeters in one sample,
the output pulse will be about 1.6 volts peak. The output
impedance of the circuit is low, so it is able to drive the
Memory input.

MEMORY
Subchassis Series 3, 8 and 11

Located on the Memory subchassis are the Memory Gate,
the Memory and the DC Offset circuits. The two channels
have separate plug-in Memory subchassis.

Just before the Memory Gate receives the stretched error-
correction sample, it is pulsed into conduction by the Mem-
ory Gate Driver, and passes the signal to the Memory cir-
cuit. The Memory Gate then is allowed to return to its
normal non-conducting state before the output of the AC
Amplifier returns to its quiescent level and before the feed-
back has had time to regenerate through the amplifiers. The
Memory inverts the signal and stores its final value. The
output of the Memory is connected to the Inverter or Dual-
Trace circuit and a portion is also coupled back to the
Sampler Amplifier to correct the input level.

Memory Gate

The Memory Gate consists of diodes D1130 and D1137,
which are pulsed by the Memory Gate Driver through T1130.
Refer to the Memory schematic diagram and to the block
diagram in Fig. 3-6 during the following discussion. The
purpose of the Memory Gate is to allow the sampled error-
correction signal to pass through to drive the Memory cir-
cuit, but prevent the feedback signal from being sent back
through the amplifiers into the Memory again as a new
error signal. Although feedback is coupled through the
amplification channel to C1121, it does not pass through
the Memory Gate between samples. C1121 discharges
through the Smoothing Balance network consisting of R1123,
R1124, R1127 and the SMOOTHING BALANCE control,
R1125, and the circuit returns to a normal quiescent state
before the next sample is received.

The gate diodes are normally reverse biased by the volt-
age across zener diode D1122. When the Memory Gate
Driver sends a pulse through T1130, a voltage is developed
across each winding, forward biasing the diodes. The
signal then passes from C1121 through the gate to the input
of the Memory circuit. The MEMORY GATE WIDTH control
in the Memory Gate Driver circuit adjusts the duration of
conduction of the Memory Gate so that signals are trans-

- mitted as a result of sample pulses only. Capacitor C1122

assures that both sides of D1122 follow the signal equally
well.

The dc level at the Memory Gate input is set by the
Smoothing Balance divider network. The balance is ad-
justed during calibration so that with no error signal present
at the input, there will be no change in the Memory output
level: Imbalance in the dc level is seen as trace shift when
the SMOOTHING control is operated, thus the control for
adjusting the Memory input balance is called the SMOOTH-

)
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ING BALANCE control (early models were called MEMORY
BALANCE). Diodes D1125 and D1127, which limit the signal
amplitudes, are normally not conducting.

Memory Circuit

The Memory circuit is a feedback amplifier which has
capacitors for both the input and the feedback elements.
A block diagram of the Memory is shown in Fig. 3-6. The
input capacitor is C1121, and the feedback (memory} ca-
pacitor is C1132. V1133A is the input cathode follower,
Q1134 is the amplifier, and Q1141 is an output emitter
follower. Although gain of the Memory is only a little more
than 3, set by the ratio of C1132 to Ci1121, high gain
capability is needed to keep the excursion at the grid of
V1133A very small compared to the Memory output.

The action of the Memory develops a charge on C1132
opposing the charge applied to C1121. The circuit between
the input to R1121 and the grid of VI133A is effectively
150 ohms in series with 510 pf when the Memory Gate is
conducting. As a sample signal is received by C1121 from
the AC Amplifier, this capacitor couples the pulse to the
grid of V1133A. The input impedance in the grid circuit is
very high, and any tendency for the grid level to change is
amplified and returned as negative feedback through C1132,
holding the grid level practically stationary. This feedback
action places a charge on C1132 equal to that applied to
the input capacitor. Then the Memory Gate disconnects the
Memory before the stretched pulse from the AC Amplifier
has ended, and C1132 is left in a charged condition. Be-
tween samples, C1121 discharges through the Smoothing
Balance network, and the AC Amplifier output returns to a
quiescent level. At the next sample, if there is a change
at the input, C1121 will receive the new signal and will add
or subtract the new signal from the residual charge on
C1132, depending on whether the new level is above or
below the previous value. Grid current in V1133A is very
low, and total leakage from C1132 and diodes D1130 and
D1131 is very small, so there is essentially no change in the
Memory output voltage between samples, even when sam-
pling at the low rate of 50 samples/second. Memory drift
or “dot slash” at sampling rates in the range below 50
samples/second is caused by small leakage currents.

The following components in the Memory circuit perform
the indicated functions: C1138 in the collector circuit of
Q1134 corrects for transistor phase shift; D1136 determines
the emitter voltage of Q1134; D1143 limits the positive swing
of the output to the value determined by D1144; D1140
limits the negative swing of the output by setting the voltage
on the collector of Q1141 and limiting the emitter to this
value as the transistor saturates; R1145 suppresses reverse
reflections in the output cable. The emitter-to-base junction
of Q1141 is protected from over-voltage by D1142.

FEEDBACK LOOP

Each channel has a feedback loop consisting of the feed-
back attenuator, the Sampling Gate, the Sampler Ampli-
fier, the error-signal attenuator, the AC Amplifier, the Mem-
ory Gate and the Memory. The purpose of the loop is to
set the signal gain of the channel and to correct for the
25% sampling efficiency of the Sampling Gate. The loop
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in Channel B is identical to the Channel A loop described in
the following paragraphs.

Since the Memory output level determines the level of
each displayed sample, the amount of attenuation intro-
duced into the feedback loop sets the signal gain by estab-
lishing the ratio between the voltage level at the Memory
output and that at the Sampling Gate. The voltage excur-
sion sent back to the Sampling Gate must be the same as
that of the input signal, therefore the Memory output ampli-
tude will change in proportion to the feedback attenuation.
The front-panel MILLIVOLTS/CM switch operates the feed-
back attenuator, R1147, providing seven values of attenua-
tion that range from 300X at the 2mv/cm position of the
switch, to 3X at the 200 mv/cm position.

For best response the feedback signal following each
sample must be of the amplitude required to bring the level
at the Sampling Gate up to the level of the input signal
at the previous sampling instant. When it is set to do this,
the loop is said to have a gain of 1. As feedback attenua-
tion is increased, to change the signal gain, amplification of
the error-correction samples must also be increased to keep
the feedback loop gain at 1. Since the gain of the ampli-
fiers is fixed, the additional amplification is produced by
allowing more of the error-correction signal to pass through
attenvator R1080 to the AC Amplifier. Thus, the error-signal
attenuation produced by R1080 must decrease as the feed-
back attenuation of R1147 is increased. These two attenua-
tors are operated simultaneously by the MILLIVOLTS/CM
switch, SW1101.

Random noise through the system can be reduced by de-
creasing the gain of the feedback loop. The front-panel
SMOOTHING control changes the loop gain without affect-
ing the output amplitude, by reducing amplification in the
first stage of the AC Amplifier. Smoothing also reduces the
response of the system by allowing the feedback voltage
to lag slightly behind the input signal changes, but it does
not normally change the appearance of the display unless
the dot density is too low. The display must have a dot
density great enough for the feedback to follow the signal,
or the transient response will be affected and the display
amplitude may be reduced.

DC Offset

The DC Offset circuit consists of a cathode follower
which introduces dc shift into the feedback loop. Fig. 3-7
is a block diagram of the DC Offset injection circuit. The
grid voltage of V1133B is set by a resistance divider that
includes the front-panel DC OFFSET control, R1159, in the
main frame of the Type 4S1. Rotating the DC OFFSET con-
trol from one end to the other causes a —50-volt to +50-
volt swing at the cathode of V1133B. The cathode swing,
following the grid, produces a =+0.25-milliamp change
through R1146. The DC OFFSET control =+100-volt swing
also causes a ==0.50 milliamp change in current through
R1149. The resulting voltage drop of =1 volt across both
R1146 and R1149 is the offset voltage injected into the
feedback loop on both sides of attenvator R1147. Adding
the dc offset voltage at these two points assures that no
offset current will flow in R1147, so there will be no inter-
action between operation of the feedback attenuator and
of the offset circuit.

3-9



Circuit Description — Type 4S1

FROM TO INVERTER
MEMORY - - OR
OUTPUT DUAL TRACE
v l Rl4G
+0.25ma| OFFSET
AMPLIFIER
viiaag
V,
FEEDBACK
TO RI147
SAMPLER 4 DC OFFSET
FEEDBACK
ATTENUATOR
*t0.5ma
AAA A OFFSET
2 o
v I RlI48

Fig. 3-7. DC Offset Injection and Memory Feedback.

+
AU
R1196
LI97
ov \ AL » TO VERT AMP
CHANNEL .
A
SIGNAL R119%
W INPUT
AMPLIFIER -
- - i
1
Q1174 : j
1 '
| ttev i
Y (EMITTER) ! !
o
- ] o
o]
i
(EMITTER)
2245,Q2255
‘B’ INPUT Q Q
AMPLIFIER . DUAL TRACE
MULTIVIBRATOR ™
Q2174
D2242 D2252

CHANNEL g D2254
B
SIGNAL DUAL TRACE
-
BLANKING TO BLANKING CKT
‘B’ - D2244 Q2254
POSITION

Fig. 3-8. Dual Trace Block Diagram, Models 1 and 2.

3-10



The front-panel OFFSET MONITOR jack permits connec-
tion of a voltmeter for reading the offset voltage amplified
100 times.

INVERTER
Subchassis Series 4 and 9

The Inverter consists of two X1 amplifiers, one for each
channel, with inverted output signals. The function of each
amplifier is to invert the display when the front-panel DIS-
PLAY switch is in the INVERTED position. The following
description pertains to Channel A. Operation of the Channel
B Inverter is identical. Refer to the Inverter diagram in the
Schematics section.

The Inverter input transistor, Q1164, is collector-coupled
through D1167 to the output emitter follower, Q1163. D1167
is a voltage-offset zener diode that raises the voltage at
the base of Q1163 above that at the collector of Q1164,
without producing signal attenuation. R1161, the A IN-
VERTER ZERO, and R1162 are a dc-balance network for ad-
justing the output dc level to eliminate trace shift when
moving the DISPLAY switch from NORMAL to INVERTED.
R1163 is the feedback resistor in the negative feedback loop.

With the DISPLAY switch set to INVERTED, the inverted
output is connected to the Dual Trace circuit. When the
DISPLAY switch is at NORMAL, the Inverter is bypassed
through interconnecting wiring in the main frame of the
Type 4S1, and the signal from the Memory is applied direct-
ly to the Dual Trace circuit.

DUAL TRACE
Subchassis 5

The Dual Trace circuitry determines which channel signal
is allowed to be displayed by the oscilloscope. In some
modes, both signals pass through the Dual Trace circuit.
Figs. 3-8 and 3-9 are block diagrams of the Dual Trace
circuitry. Because of the various modes of operation pos-
sible, both channels will be discussed.

Models 1 and 2 Only

Passage of the signals from the two channels is controlled
by the two inverter amplifier transistors, Q1174 and Q2174,
which are gated by the multivibrator, Q2245 and Q2255.
Emitter voltage determining the mode of operation is applied
to the multivibrator through the front-panel MODE switch.
A 0.25-usec delay line couples the signal from the Dual
Trace circuit to the oscilloscope vertical output amplifier.
This delay allows the signal to phase properly with the tim-
ing unit unblanking of the crt.

In the A ONLY and A VERT. B HORIZ. modes, only
transistor Q2245 is energized, and in the B ONLY mode
only Q2255 has voltage applied. In the ADDED ALGEB.
mode neither transistor is conducting, and in the DUAL
TRACE mode both are conducting. The multivibrator free
runs in DUAL TRACE mode, at a switching rate of about
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50kc. Q2254 provides a dual-trace blanking signal to the
oscilloscope when the multivibrator is switching.

Each of the Dual Trace input transistors receives its re-
spective channel signal from the Memory or Inverter circuit
through the DISPLAY switch, the VARIABLE control, and the
display gain control. The signal is applied to the emitter
circuit, which also provides positioning voltage through the
front panel POSITION control (R1180 or R2180} and R1181
or R2181. The major emitter current path is from the
+19-volt supply, through the MODE switch, SW2190, and
through R1176 and R2176 to the two emitters. In the ADDED
ALGEB. position of the MODE switch, current-limiting resis-
tor R1179 (in the Type 4S1 switching circuitry) is inserted in
the emitter circuit to keep the average voltage on the com-
mon lead the same as when only one transistor is conduct-
ing. The input inverter transistors are connected in the
common base configuration. The voltage at each base is
switched between two levels by the multivibrator to turn
the transistors on or off.

In the A ONLY mode, transistor Q2255 is not conducting.
Its collector, and thus the base of Q1174, is held at about
—0.3 volt by D1184, so Q1174 conducts, passing the Channel
A signal through R1195 and R1197 to the delay line. Tran-
sistor Q2245 is turned on by the MODE switch, with the
emitter connected to the +19-volt supply through R2241.
This sets the collector voltage of Q2245 and the base of
Q2174 at about +3.3 volts, cutting off Q2174 in the Channel
B signal path.

In the B ONLY mode, operation of the multivibrator and
input transistors is just the opposite of operation in A
ONLY. Q2255 is conducting, Q2245 and Q1174 are cut off
and Q2174 is passing Channel B signal.

In the ADDED ALGEB. mode, neither transistor is supplied
from the +19-volt supply and both are turned off. Thus
both input transistors are conducting, allowing signals to
pass. The output to the delay line then is the algebraic
sum of the Channel A and Channel B signals.

Operation of the Dual Trace circuit in the A VERT. B
HORIZ. mode is the same as in A ONLY. The Channel B
signal bypasses the Dual Trace circuit and is applied through
other circuitry to the horizontal deflection system of the
oscilloscope.

In the DUAL TRACE mode, both Q2245 and Q2255 are
energized, and operate as a free-running multivibrator at
approximately 50 ke (some units operate at 40 kc). During
dual-trace operation, the multivibrator switching time is de-
termined by C2241 in series with the emitter-return resistor
of the transistor that is not conducting (R2241 or R2251).
As the collectors of the two multivibrator transistors alter-
nately go negative, then positive, the input transistors alter-
nately allow the Channel A signal to pass, then the Channel
B signal, producing the dual-trace display. The collector-
to-base coupling circuits (R2243-C2243 and R2253-C2253) are
for high-frequency coupling to assure fast switching, and do
not set the switching time.

Blanking transistor Q2254 normally rests in cutoff. As
the multivibrator switches, €2244 or C2254 couples a nega-
tive pulse to the base of Q2254, turning it on. The 2 usec
positive blanking pulse from the collector is fed through the
interconnecting wiring of the Type 4S1 main frame to the
oscilloscope blanking circuit.
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Model 3

Passage of the signals from the two channels is controlled
by the two diode gates in the collector circuit of input
amplifier transistors, Q1184 and Q2184. The diode gates
are controlled by the state of multivibrator Q2245 and
Q2255. The mode of operation of the multivibrator is deter-
mined by positive voltage applied through the MODE
switch to the bases of the multivibrator transistors. See Fig.
3-9. A 0.25-usec delay line couples the signal from the
Dual Trace circuit to the oscilloscope vertical output ampli-
fier. This delay allows the signal to phase properly with
the timing unit unblanking of the crt.

in the A ONLY and A VERT. B HORIZ. modes, only tran-
sistor Q2255 conducts, and in the B ONLY mode only Q2245
conducts. In the ADDED ALGEB. mode both transistors are
conducting, and in the DUAL TRACE mode, the multivibrator
free runs at a switching rate of about 50 kc. Q2264 pro-
vides a dual-trace blanking signal to the oscilloscope when
the multivibrator is switching.

Each of the dual trace input transistors receives its re-
spective channel signal from the Memory or Inverter circuit
through the DISPLAY switch, the VARIABLE control and the
display gain control. The signal is applied to the emitter
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circuit, which also provides positioning voltage through the
front panel POSITION control (R1180 or R2180) and through
R1181 or R2181. The major emitter current path is from
the +19-volt supply, through the MODE switch, SW2190,
and through R1185 and R2185 to the two emitters. In the
ADDED ALGEB. position of the MODE switch, current-limiting
resistor R1179 (in the Type 4S1 main-frame circuitry) is in-
serted in the current path to keep the average voltage on
the common lead the same as when only one transistor is
passing signal to the output. The input transistors are con-
nected in the common base configuration. The current at
each collector is switched between two signal paths by the
multivibrator, to connect or disconnect them from the com-
mon collector load, R1189. There is essentially no change in
the current of either transistor whether or not it is connected
to the output. The input impedance is that of the series
input resistors, R1184 in Channel A, and R2182 and R2184
in Channel B. R1183 and R2183 are used to offset the input
voltage to zero. The —4.5-volt output collector voltage is
offset to zero by the series combination of R1191 and R1192.

During single-channel operation, with only one side of
the multivibrator conducting, the conducting transistor satu-
rates and zener diode D2251 conducts. In A ONLY opera-
tion, the +19-volt supply is connected to the base of Q2245
through R2243, cutting off the transistor. Voltage on the
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collector of Q2245 becomes negative, forward biasing both
D2248 and D2187 and setting the voltage on the collector
of Q2184 at about —11 volts. This reverse biases D2186,
disconnecting Q2184 from the output and blocking passage
of Channel! B signal. At the same time, with Q2255 operat-
ing in saturation, its collector is held at about +0.4 volt by
D2255. Both D2258 and D1187 are reverse biased by this
voltage, allowing Q1184 to supply the Channel A output
signal through D1186.

In the B ONLY mode, operation of the multivibrator and
input transistors is just the opposite of operation in A ONLY.
Q1184 is disconnected and Q2184 is passing Channel B
signal to the output through D2186.

In the ADDED ALGEB. mode, neither multivibrator transis-
tor is supplied from the +19-volt supply and both are con-
ducting. Thus D1187 and D2187 are reverse biased, allow-
ing both input transistors to pass signal through D1186 and
D2186 to the output. The output to the delay line then is
the algebraic sum of the Channel A and Channel B signals.

Operation of the Dual Trace circuit in the A VERT. B
HORIZ. mode is the same as in A ONLY. The Channel B
signal bypasses the Dual Trace circuitry through the MODE
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switch and is applied to the horizontal deflection system.

In DUAL TRACE mode positive voltage is applied to the
bases of both Q2245 and Q2255 causing them to operate
as a free-running multivibrator at a rate of approximately
50 ke. This causes D1186 and D2186 to pass signals alter-
nately, providing a dual-trace display. During dual-trace
operation, neither multivibrator transistor saturates, and
zener diode D2251 does not conduct. The multivibrator
switching time is determined by C2251 in series with the
emitter return resistor of the nonconducting side (R2240 or
R2250). The collector-to-base coupling circuits (R2246-C2246
and R2256-C225¢) are for high-frequency coupling to assure
fast switching, and do not set the switching time.

Blanking transistor Q2264 normally rests in cutoff with
its base at about 40.8 volt. As the multivibrator switches,
C2240 or C2250 couples about a —2-volt signal to the base
of Q2264, turning it on. The pulse lasts only about 0.5 usec,
but this is long enough to saturate Q2264. Storage time
of the blanking transistor is about 1 usec to 1.5 usec and is
consistent for a particular instrument, so that the crt will be
properly blanked during the time that the dual-trace multi-
vibrator is switching channels.
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SECTION 4
MAINTENANCE

PREVENTIVE MAINTENANCE

Recalibration

The Type 4S1 Dual Trace Sampling Unit will not require
frequent recalibration. However, to insure that the unit is
operating properly at all times we suggest that you check
the calibration after each 500-hour period of operation, or
every six months if used only intermittently. A complete
step-by-step procedure for calibrating the unit and checking
its operation is included in the Calibration section of this
manual.

The accuracy of measurements made with the Type 4S1
depends not only on the calibration of the Type 4S1, but
also on the calibration of the associated oscilloscope and
timing unit. The entire system must be well calibrated for
proper operation.

If, during the operation of the Type 451, the instrument
appears to be functioning poorly, the difficulty may be due
to improper calibration of some part of the system, or to a
malfunction resulting from improper operation or component
failure. Check the calibration of the instruments before
trouble-shooting the Type 4S1.

Visual Inspection

Certain types of trouble can be found by a visual inspec-
tion of the unit. For this reason, a complete visual check
should be made each time the instrument is repaired or
recalibrated. Look for such apparent defects as loose or
broken connections, damaged connectors, improperly seated
tubes or transistors, scorched parts and broken terminal
strips. Corrective measures for most of these troubles are
obvious, except in the case of heat damage. Quite often
heat damage is the result of other less apparent trouble.
It is essential that the cause of the overheating, as well as
the apparent damage, be corrected before attempting to
operate the unit. Otherwise the damage may be repeated.

REMOVAL AND REPLACEMENT OF PARTS

General

Procedures required for replacement of most parts in the
Type 4S1 are simple and straightforward. The following
paragraphs contain information that may be helpful when
replacing some of the parts that are more difficult to re-
move, or require special care. It will be necessary to re-
calibrate portions of the instrument after replacing certain
parts. Refer to the Calibration section of this manual for
the procedures required.

Many components in the Type 4S1 are mounted in a par-
ticular position to reduce stray inductance and capacitance.
Therefore, carefully install replacement components to du-
plicate lead length, lead dress, and location of the original
component.

®

Removal of Subchassis Circuit Boards

CAUTION

BE SURE THE OSCILLOSCOPE POWER IS TURNED
OFF WHENEVER REMOVING OR REPLACING PLUG-
IN UNITS OR SUBCHASSIS.

Most of the circuitry of the Type 4S1 is located on sub-
chassis circuit boards. Each subchassis has a 22-contact
connector that mates with a connector jack in the main
frame. Maintenance is made easier by the use of special
extension cables that permit the Type 4S1 to be operated
outside the oscilloscope, and by a special subchassis ex-
tender. These extensions are listed under Recommended
Equipment in the Calibration section.

To remove any subchassis circuit board (except the Sam-
pler) from the Type 451, first press down on the two levers
located on the frame at the sides of the subchassis. The
levers apply lifting ‘pressure to the guides and are intended
only to assist in removal of the subchassis units. Carefully
lift the subchassis out of the frame. The Sampler circuit
board is removed in the same manner, except that the two
delay line connectors and the coax mini-connector from the
timing unit fast ramp must be disconnected first.

CAUTION

Do not install any subchassis in any location
other than the one in which the Series number
on the subchassis matches the number on the main
frame. (See caution in the Calibration section.)
Fig. 4-1 shows the numbering system of the plug-
in subchassis.

Installing one of the subchassis units in the frame of the
Type 4S1 requires careful mating of the interconnecting plug
on the subchassis with the connector jack in the frame. To
replace a subchassis, insert it into the proper location in the
frame and line up the connectors. The plastic guide pins
at the sides of the interconnecting plug must mate with
the holes in the frame beside the connector. When properly
aligned, press the subchassis firmly in place. After replacing
the Sampler, the delay and fast ramp cables must also be
re-connected.

Removal of Trigger Amplifier

Most of the components in the Trigger Amplifier can be
reached by merely removing the subchassis plug-in units.
However, to work on some of the components in the Trigger
Amplifier, the Trigger Takeoff, or inside the front panel, it
is necessary to remove the Trigger Amplifier sub-assembly
from the main frame of the Type 451. To remove this assem-
bly, first remove the front three or four plug-in subchassis
as described above. Disconnect the delay lines and the
trigger-takeoff mini-coax from the Trigger Amplifier. Take
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Fig. 4-1. Plug-In Subchassis Keying System.

out the screw near the top of the Trigger Amp chassis (see
Fig. 4-2). Remove the knobs from the front-panel AC-DC and
TRIGGERING switches, and unscrew the knurled nuts holding
the two INPUT connectors to the front panel. The Trigger
Amplifier assembly will then be disconnected from the frame
of the Type 4S1, except for the three power leads. These
leads moy be unsoldered if necessary.

Reverse the above procedure to replace the chassis after
repair has been completed. The knurled nuts on the INPUT

Te Remove Subchassis:

Remove
Mounting Screw

Disconnect
Mini-coax to Timing Unit

Disconnect
Delay Cables

On Front of Type 451:
Remove AC-DC
and TRIGGERING
Knobs;
Unserew Knurled
Nuts on INPUT
Conneclors.

.

e 4-4‘1"“"'""" W

connectors must be tight for proper ground of the connectors.
Be sure to re-connect all coox cables and properly align

the index dots on the TRIGGERING and AC-DC knobs.

Replacement of Trigger Amplifier Transistors

In order to replace any of the transistors in the Trigger
Amplifier circuit, the Trigger Amplifier assembly must first
be removed from the Type 451 as described previously.

-~
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-
-
-
—
L
e
L

Fig. 4-2. Removal of Trigger Amplifier Assembly
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Fig 4-3. (Instruments S/N 101-1349.) Removal sequence for re-
plocement of Q1014. See Text for precedure.

Instruments S/N 101-1349. Q1023 and Q1024 are
socket-mounted under a shield on the Trigger Amplifier as-
sembly. They may be replaced by direct substitution after
removal of the shield.

Q1014, the high-frequency trigger amplifier transistor, is
soldered in place for best performance and, therefore, must
be disconnected from associated components before removal.
The following procedure is suggested (refer to Fig. 4-3). Use
a small soldering iron (about 30 watts) and be sure to heat-
shunt the leads with a pair of needle-nose pliers.

1. Unsolder the collector from the junction of inductor
L1015 and the output coax.

2. Unsolder the lead to capacitor C1018 at the ceramic
strip notch.

3. Remove the 3 screws and nuts holding the capacitor-
mounting plate to the assembly,

4. Bend capacitor C1023 up out of the way. It should
now be possible to remove the plate and transistor from the
Trigger Amplifier assembly without disconnecting the coax.

5. Unsolder the emitter lead and swing C1014 and R1014
out of the way.

6. Unsolder the base connection from capacitor C1018,
freeing the transistor.

7. Cut the leads of the new transistor to the same lengths
as those of the one just removed, then install the new transis-
tor by reversing the removal procedure.

8. When finished, be sure that none of the transistor leads
touch the mounting plate or the assembly subchassis.

Instruments S/N 1350-Up. QI013 is socket-mounted
under a shield on the Trigger Amplifier assembly. It may be
replaced by direct substitution after removal of the shield.

Q1024, the irigger amplifier output transistor, is soldered
in place for best high-frequency performance. The following

®i
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Fig. 4-4. (Instruments S/N 1350-up.] Removal sequence for re-
placement of Q1024. See text for procedure.

procedure is suggested for replacement of Q1024 (refer to
Fig. 4-4). Use o small soldering iron (about 30 watts), and
be sure to heat-shunt the leads with a pair of needle-nose
pliers.

1. Unsolder the collector lead from resistor R1023.

2. Unsolder the bus-wire lead from the ceramic strip at
the point where it connects to C1013.

3. Unsolder R1021, C1022 and R1022 from the emitter.
R1021 should also be unsoldered from the junction of C1022
and R1022 in this operation. Bend the free end of R1021
upward slightly.

4, Remove the three screws and nuts holding the capacitor-
mounting plate to the assembly. Now the mounting plate
may be raised slightly above the assembly without discon-
necting the input coax.

5. Unsolder the base lead from C1013.

6. Unsolder the transistor shield lead from the mounting
plate, freeing the transistor.

7. Cut the leads of the new transistor to the same lengths
as those of the one just removed, then install the new transis-
tor by reversing the removal procedure.

8. When finished, be sure none of the transistor leads
touch the mounting plate or the assembly subchassis.

Gate Diode Replacement

The diodes in the Sampler Gates and Memory Gates are
special gallium arsenide diodes monufactured by Tektronix.
The sampler gate diodes occasionally cause memory dot
slash, poor risetime or system noise. However, they should
not be replaced unless all other possible sources of trouble
have been eliminated. These diodes require close matching
and affect several of the critical characteristics of the
system.
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Each diode has o colored dot on the cathode end. The
color of the dot identifies its use in the instrument, as indi-
cated in the following table:

Table 4-1. Gallium Arsenide Diodes

Dot Color Circuit Number Tektronix

<2 el I | Fon Nor_

" Yellow | D1044, D1045, D2044, D2045  152-085*
Orange | D1046, D1047, D2046, D2047  152.084*
Red D1130, D1131 (2 each) | 152.083

*Supplied by Tektronix in matched pairs.

The circuit number and polarity of each diode is shown
on the schematic diagram. For the sampling gates this in-
formation is also marked on the subchassis near the diode
mounting assembly.

If it is necessary to remove or replace any of the gallium
arsenide diodes, use a pair of tweezers or a tweezer-type
tool. Do not solder the diodes into their clips.

Replacement of Switches

Only a normal amount of care is required for the removal
of a defective switch. When a switch is removed, the leads
should be identified as they are detached in order to
assure connecting the new switch properly. If one section
of a wafer switch is defective, the entire switch should be
replaced. Walers are not normally replaced separately.
Some switches may be ordered from Tektronix either with
associated components wired in place, or unwired. Check
the Parts List for the appropriate part numbers.

Soldering Precautions

In the production of Tektronix instruments, a silver-bearing
solder is used to establish a bond with the ceramic terminal
strips. This bond may be broken by the application of too
much heat or by the repeated use of ordinary 40-40 tin-
lead solder. However, occasional use of ordinary solder
is permisible. For general repair work on Tektronix instru-
ments, solder containing about 3% silver should be used.
Silver-bearing solder is available locally from electronics
distributors, or may be purchased through your Tektronix
Field Office (Tektronix part number 251-514).

Fig. 4-5. The Assembled Ceramic Strip.
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Because of the shape of the terminal nolches in the cera-
mic strips, it is advisable to use a wedge-shaped tip on your
soldering iron when installing or removing parts. A wedge-
shaped tip permits the application of heat directly to the
solder in the terminals and reduces the amount of heat re-
quired. It is important to use as little heat as possible.
A 50-watt iron is adequate.

The proper technique for soldering and unsoldering short-
lead components requires: (1) the use of needle-nose pliers
to act as a heat shunt between the soldering point and the
component; (2) the use of a hot iron for a short time; and
(3) careful manipulation to avoid damage to small com-
ponents. Use only enough solder to make o good bond.

Ceramic Strip Replacement

To replace a damaged ceramic terminal strip, first un-
solder all connections, then remove the mounting clips and
nylon spacers from the chassis. This may be done by prying
the mounting clips, attached to the strip, out of the chassis.
If the spacers do not come out with the clips, they can be
left in the chassis or pulled out separately. If they are not
damaged, the spacers may be used with the new ceramic
strip assembly. Replacement strips are supplied with mount-
ing clips already attached, so it is not necessary to salvage
the old clips.

When the damaged strip and clip assembly have been
removed, place the spacers into the mounting holes in the
chassis and press the mounting clips of the new strip assembly
into the spacers. It may be necessary to tap lightly or apply
some pressure to the ceramic strip to make the clips seat
down on the spacers. To avoid damage to the terminal
strip, use a soft-tipped tool for any tapping, and apply force
only to the part of the strip directly above the mounting
clips. Fig 4-5 shows the assembled terminal strip. Cut off
any excess length of the clips extending beyond the end of
the spacers on the reverse side of the chassis. Re-solder all
components and wires in place, as they were previously
arranged. (Note soldering precoutions given above.)

Checking Tubes and Semiconductors

Commercial testers are not recommended for checking
the tubes and transistors used in the Type 451. Tube testers
often fail to indicate defects that affect the performance
of the circuits, or they may indicate a tube to be defective
when it is operating satisfactorily in the circuit. The same
applies to similar tests made on transistors. If o tube or
transistor is operating properly in the circuit, it should not
be replaced. Unnecessary replacement may require that the
instrument be needlessly recalibrated.

Direct substitution is usually the best means of checking
a tube or transistor. A characteristic curve display instru-
ment, such as a Tektronix Type 570 or 575, may also be use-
ful in checking @ tube or transistor that is suspected of being
defective.

Often a transistor or diode can be checked for an open
or shorted condition merely by making an ohmmeter check
between terminals. Measure the dc resistance first in one
direction, then the other, and note the effect of polarity re-
versal.



CAUTION

Use of high-resisance scales of the ohmmeter
should be avoided, because the internal voltage
source of the ohmmeter can damage the semi-
conductor being checked.

Before installing a new component, be sure that the cir-
cuit voltages applied to it are normal. If replacement is
made without checking out the circuit, the new component
may be damaged by some defect in the circuit.

REPLACEMENT PARTS

Replacements for all parts used in the Type 451 can be
purchased directly from Tekironix at current net prices.
However, many of the electrical components can be ob-
tained locally in less time. Before ordering or purchasing
parts, be sure to consult the parts list to determine the
tolerances and ratings required. Most mechanical parts and
certain selected or specially manufactured components
should be ordered directly from Tektronix since they are not
available from other sources.

All parts can be ordered through the local Tektronix
Field Office. When ordering parts be sure to include: (1)
the complete description of the part as given in the parts
list; (2) the type of instrument (Type 4S1); and (3) the Serial
Number of your instrument. Some parts may have been
superseded by improved components since the production
of your instrument. In such cases, the new part may be
shipped in place of the part ordered.

Plug-in subchassis are available as complete units from
Tektronix. Be sure to state the subchassis Series number
which is marked on the frame of the Type 4S1 right next
to the subchassis connector. See Fig. 4-1.

TROUBLESHOOTING

General Information

The Type 4S1 derives all of its operating voltages from
the oscilloscope, and operates with the oscilloscope and the
timing unit to produce the display. Therefore, if trouble de-
velops, determine which unit in the system is causing the
trouble before proceding further. If more than one instru-
ment is available, a quick check for isolating the trouble to
a particular unit can be made by trying different combina-
tions of the oscilloscopes, sampling units and timing units.

If trouble occurs in the Type 451, try to isolate it by quick
operational and visual checks. First check the settings of all
controls, then operate the controls to see what effect, if
any, they have on the trouble symptoms. The normal or
abnormal operation of each control may help locate the
trouble. Many apparent troubles are caused by the improper
setting of one or more controls, or by improper calibration
of the unit. One of the first steps should be to check the
calibration of the suspected circuit. The type of trouble will
generally indicate what further checks to make. The cause
of a trouble that occurs only in certain positions of a control
can usually be determined immediately from the symptoms.

A display that may appear as trouble to someone not
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familiar with the sampling process can occur if triggering
information stops arriving from the timing unit. In the crt
display each dot is the result of a sample, after a pulse from
the timing unit has been received by the Sampler. If the
information stops, sampling stops immediately, even if the
sweep has not been completed. The spot remains on the
crt, but starts drifting up or down and finally goes out of
sight. This is normal, and is not to be confused with trouble
in the Type 4S1. |t is caused by the Memory drifting slowly,
without repeated correction. If the timing information should
begin again, the dots will begin again and the interrupted
trace will be completed.

In general, a troubleshooting procedure consists of two
parts: circuit isolation and circuit troubleshooting. Since the
Type 4S1 is a complex instrument, it will probably be neces-
sary to read the circuit description in conjunction with a
study of the schematics, to determine the location of the
source of trouble. Knowing the functions of the various cir-
cvits and controls, the operational checks will usually isolate
the trouble to a particular circuit. Then, after the circuit
causing the trouble has been established, detailed trouble-
shooting procedures can be performed.

Circuit Tracing

For the purpose of circuit tracing, the wires in the Type
4S1 are all color-coded. Most power leads are coded with
colored tracers indicating significant figures of the voltage,
using the same color-code as is used for composition resis-
tors. The widest tracer represents the first figure of the
voltage. Tracers on signal leads are for identification only.

Where the circuit diagram shows more than one section
to a wafer switch, each section is coded to indicate its posi-
tion on the switch. Wafers are numbered from the front
panel to the rear of the switch. The letters F and R indicate
whether the front or rear of the wafer is used to perform
the particular switching function. For example, the code
designation 3R means the rear side of the third wafer.

Circuit Isolation

In general, the easiest way to determine if a trouble is
in one of the plug-in subchassis units is to substitute other
plug-in subchassis that are known to be in good operating
condition, and check the operation of the Type 4S1. Al-
though the instrument would not be in perfect calibration,
it would be operable. The two Memory circuits can be inter-
changed temporarily if one is suspected of being defective.
Replacement subchassis are available through your local
Tektronix Field Office.

CAUTION

SUBSTITUTE ONLY SUBCHASSIS WITH THE SAME
SERIES NUMBERS. See Fig. 4-1.

After isolating the trouble, return all plug-in subchassis to
their original locations, to avoid unnecessary recalibration.

If no other plug-in subchassis are available, the circuitry
may be checked with a test oscilloscope and voltmeter for
voltages and waveforms into and out of the various circuits.
The trouble may be isolated to a particular subchassis by
placing the oscilloscope (with the Type 4S1 installed) on its
side, removing the bottom cover and checking the waveforms
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at the interconnecting jacks. However, to locate the trouble
on a particular subchassis, the Type 451 will have to be
operated out of the oscilloscope, as in the Calibration pro-
cedure, and the various subchassis extended on the plug-in
extension. All subchassis except the Sampler can be operated
normally on the subchassis extension board.

If one of the channels of the Type 451 has no trace but
the other channel operates, or if there is a trace but no
signal passes through one channel, the trouble is much easier
to locate than if no trace is present. With one channel in
operation, comparison can be made between the two chan-
nels. In some instances, it may be sufficient to free run the
timing unit and trace the sample pulses through the circuitry.
In other cases, it will be necessary to apply a known signal
to the two channels in parallel, and trace the signal through
the instrument.

NOTE

If any of the loop gain controls (SNAP-OFF CUR-
RENT, BRIDGE VOLTS, BRIDGE BAL., or MEMORY
GATE WIDTH) have been adjusted since the
trouble developed, the two channels will not re-
spond identically to an input signal. A malfunc-
tion occurring in one of the circuits making up the
feedback loop (Sampler Amplifier, AC Amplifier,
Memory Gate, Memory, and DC Offset) will prob-
ably also be indicated throughout the loop.

It could even cause the loop to cease functioning.
Because of this, it may be helpful to ground the
feedback of the particular Memory (terminal E on
the Memory connector), or at the feedback in-
put to the Sampler. Refer to the Plug-In Connec-
tors and Switching schematic diagram for the sub-

chassis input and output terminals.

If free-running the timing unit does not appear to be
satisfactory for tracing the trouble, try operating the unit
in a triggered mode while applying a 1 volt, 1 useiz/cycle
sinewave from the oscilloscope calibrator. Set the MILLI-
VOLTS/CM switch to 200, and the timing unit sweep :ate >
about 1 psec/em. To view the sampled signal, the tes osci -
loscope sweep rate will have to be set much slower than th
equivalent-time rate indicated on the Type 4S1. The tesi
oscilloscope may be triggered externally (Ext.—) with pulses
from the Delayed Pulse generator in the Type 661 Oscillo-
scope.

Component Failure

Most troubles in the Type 4S1 are caused by tube or
semi-conductor failure, due to normal aging and use. There-
fore, when trouble has been isolated to a particular circuit,
the tubes and semiconductors in that circuit should be check-
ed first. Be sure that all tubes and transistors are returned
to their original sockets if they are found to be good.

Another common cause of trouble is misuse or improper
operation. That is, the system has been subjected to exces-
sive loads or has been damaged by careless operational or
maintenance procedures. Be sure to observe the given limits
of input voltage, etc., when operating the unit. Also be
careful when checking inside the instrument with meter
leads or probe tips. Careless shorting of leads can cause
abnormal voltages or transients to be applied to the semi-
conductors, and can result in the destruction of the com-
ponentfs.



SECTION 5
CALIBRATION

GENERAL INFORMATION

A complete procedure is provided in this section for
checking the operation and calibration of the Type 451, and
for making adjustments where necessary. These checks will
assure the operator that the instrument is operating within
specification limits. The steps of the procedure are arranged
in convenient sequence to avoid unnecessary repetition.

The step-by-step instructions also furnish an orderly ap-
proach to the isolation of malfunctions that may develop,
and provide information to aid in troubleshooting and re-
pairing the instrument.

Test equipment used in a particular step should remain
connected at the end of that step unless the instructions state
otherwise. Similarly, controls not mentioned are to remain
in the positions previously used.

Do not preset internal controls unless the instrument has
been repaired or is known to be seriously out of adjust-
ment. If repairs have been made, preset internal controls
to mid-range in the affected circuits.

PRECAUTIONS

The following precautions should be observed whenever
calibrating, operating or troubleshooting the Type 4SI.

1. DO NOT INSERT OR REMOVE THE TYPE 4S1 PLUG-
IN UNIT, OR CONNECT OR DISCONNECT THE PLUG-
IN EXTENSION POWER CABLE WHILE THE OSCILLO-
SCOPE POWER IS ON. When connecting the plug-in
power cable, be sure to connect both ends to power
connectors, and not one end to a readout connector. The
power connector is the one nearest the center of the
oscilloscope. Incorrect installation of the cable can
damage the instruments,

2. DO NOT REMOVE OR INSTALL PLUG-IN SUB-CHASSIS
WHILE THE OSCILLOSCOPE POWER IS ON.

3. INSTALL ONLY SUBCHASSIS WITH CORRECT SERIES
NUMBERS. Each subchassis has a Series number marked
on it, and each connector in the frame of the Type 451
has a number beside it indicating the Series of subchassis
designed to operate in that position. All other Series
should be considered incompatible. Each Series also has
various Model Numbers, which indicate that minor changes
have been made in the circuitry. All subchassis with the
same Series number, regardless of Model number, are
electrically interchangeable in the main frame of any
Type 4S1 having that Series number by the subchassis
connector. See the subchassis arrangement diagram in the
Maintenance section of this manual.

4. WHEN REPLACING THE AC AMPLIFIER SHIELD, BE
SURE IT DOES NOT TOUCH ANY OF THE COMPO-
NENTS.

RECOMMENDED EQUIPMENT

The following items of equipment {or equivalents) are
required for the calibration of the Type 451:

1. One oscilloscope, Tektronix Type 661, with '5'- Series
timing plug-in unit.

2. One test oscilloscope, Tektronix 530-or 540-Series,
with Type L vertical plug-in unit and 10X attenuator
probe, dc to at least 15 Mc.

3. One square-wave generator, Tektronix Type 105.
4. One pulse generator, Tektronix Type 109.
5. One pretrigger pulse generator, Tektronix Type 111.

6. One volt-ohmmeter, with sensitivity to at least 20,000
ohm/vaolt,

7. Insulated adjustment tools.

For each of the following accessory items, the Tektronix
part number is given in parentheses after the description
of the i