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1.1

1.2

MODEL LBO-310A
OSCILLOSCOPE

OPERATING INSTRUCTIONS

SECTION 1
DESCRIFTION

General

LBO310A. is a general purpose 75mm (3”) oscilloscope with
high sensitivity (20mVp.p/div; Idiv = fmm) and a bandwideh
trom DC vo 4MHz. It i designed for heavy duty in service shopa,
technlcal schools and amateur radio stations. It features DC-

coupled amplifiers, FET's in input circuits, and smart compact
construction.

Specifications
Vertical Axis
Deflection Sensitivity : 20mVp-pidiv (1div=fmm),
Bandwidth, —-3dB DC ¢ DT to AMHz
AC : 2Hz to 4MHzE,
Input Control L 100, % 10, =1, and fine sdjusicr
Input Impedance : IMI1 shunted by less than 40pF.
Maximum lnput 00V [Vp-p+ DCV).

Direct CRT Connectiop : to 450 MHz at 10Vp-p or better.
Horizontsl Axia

Deflection Sensitivicy ¢ 300mVp-p/div or botter.

Bandwidth, —3dB t DC to 250kHz.,

Input Impedance t IMEL shunted by less than 40pF.

Maximum Input : AW [Vp-p+ DLV,

Sweep Control : 10Hz 1o 100kH: in four ranges; con-



CRT Section
Accelleraring Voltage :
Dsplay Area
Z-axis Modulstion

Power Supply

Size and Welght

trmuoualy adjmtsble berween steps.
Synchromization: Intermal with negs-
tive peak: senuitivity, ldiv sigmal

ainplitude, automatic.

Approx, 1200V,

6 X Bdiy (1div = hmm),

Over 20Vp-p.

100, 115 or 230V a specified,
S0/60H2; spprox. 12VA,

180(H) = 125{W) x J00(D) mm; 4.5kg,
745" = 5" w127, approx.: 9.9 |bs,

SECTION 2
CONTROLS AND CONNECTIONS

Belore operating the LBO-310A , for the flest time, it &
advisable for the user o become famillar with funcidons of
described below,

varbouy switches, contrals, etc,,




2.1

Front Panel, see Fig. 2-1

INTENSITY

2. #mlp Position

3. SWEEP VAR

ar H GAIN

Pilot lamp

5. POWER swiich
& SWEEP FREQ

H:

H N

8.  Ground terminal

¥ N

10, VERT INFUT

11.

11,

13

14,
15.

VERT GAIN
g ‘ Posithon

FOCLS
Graticule

For adjasting the brightness of the CRT
EPOE OF trace,

For positioning the trace horizontally on
the CRT screen.

For fine adjustment of sweep Frequency
between steps or width of horizontal
trace amplitude at EXT SWEEP FRECD).
indicates when the AC power is on,

Far rarning the AC power on and off,
Four stepi to set sweep frequency range
in 10Hz to 100kHz range; at EXT when
an externul signal in used for the sweep.
For connection to an external wweep
signal with SWEEP FREQ switch at EXT.

For connection to vertical inpat sgnal.
Three ranges, X100, X10 and X1, for
vertical input control; st GND the am-
phifier input s grounded (input signal is
at open clrcait ),

Switch for wertical amplifier nput: AC
w block out the DC component; DO fos
direct coupling,

For adjuting the vertical amplitade be-
TWEED EEREE ALEpi

For positioning the wace vertically onm
the CRT screen.

For adjusting the clarity of the CRT spot,
Marked in 8 wertical and 10 horizontal
dividons, Gmm esch, with 5 minor mark-
inga on center lines,

S 1



2.2

Rear Panel, see Fig. 2-2.
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Fig. 2-2

DIRECT-AMP  Slide switch for CRT deflection mode:
DARECT for straight connection to verth
cal plates; AMP for input through V IN,

DIRECT Connector for display of sgnal up to
450MHz at vertical deflection plates.

Ground conmector

INTEN MOD'Z For connegtion to Zaxis modulating

BOUTCE.

AC cord hooks
AC cord

Namoplate



OPERATION

31 Precautions in Operation
31.1 AC Line Vaoltage
The AC voltage for operation should be kept within £10%
of the rating as specitied, If lower, performance will be degraded;
at higher woltages, internal power wupplies may be damaged,
especially when applied for long periods,
31.2 Maximum Input Voltages
Voltages n.wllz:!. to different input connectors must pot
exceed the values indicated in the chare below,

Connector | Max. Volta (Vp-p + DCV)

¥V IN BOOV

H IN 30V

INTEMN
L

MODZ = .

Examples of maximum conditions are shown st “A" and
“B" in Fig. 31,

Fig. 31 Maximum voltages at ¥V IN
CAUTION: Do not connect to the fiyback clrcuit in TV setw
313 Prevention of “lon barma™
If the CRT beam i concentrated In a spot on the screen,
there is the possibility of buming that particular portion of the
screan. The INTENSITY contol should be adjusted during stand-
by perioda 1o extinguish the spor, or the spot must be kept in



motion with the sweep frequency to avoid an “Ton burns™.
314 Infleence of Strong Magnetic Fields
The instrument should be operated in locatlon where a
sirong local magnetic fleld b not present, otherwise there will

be a distorted waveform display. (Keep the “gun type™ soldering
brans away from the sope.)

3.2 Preparation
A.  Control sertings:
INTENSITY Near fully clockwise.
FOCUS

t (vertical) ——
#op (horizonral)

!— at midposition.

VERT GAIN Fully counter clockwise.
HOR GAIN Fully clockwise.

VERT INPUT X100,

AC-DC switch at AC.

SWEEP FRE() Hz 10- 100k,
VERTICAL switch {rear panel} at AMP,
SWEEP VAR any secting.
B. Connections:
1. Remove AC cord off the hooks at back of cabinet.
Connect the plug to the AC line.
2,  Test leads to V IN and ground.
C.  Adjustments:
1. Set POWER swiich at ON.

4  Adjust INTENSITY and FOCUS controls for clear
trace.

3.3 Wavetorm Obsorvation
LAl General



1. Connect the leads from V IN 1o test point of cireakt onder
eRamnation,

2. AC-DC switch settings -

AC: For AC input, or to pick out the AC component
when there is superimponed DC voltage In the input
slgnal,

DC: Generally used when only the AC signal bs under
observation or for DC voltage measurementa,

3, Ser VERT INPUT switch at X100, X10, or X1 and adjust
VERT GAIN for winble trace amplitude,

4,  Set H GAIN control for suitable trace width.

8  Set SWEEP FREQ wwitch st 10-100, ete., and adjust
SWEEP VARIABLE control s required for the wavetorm
display.

6.  Adjust the spot positioning controls to position the trace
on the graticule as required,

3.3,2 Externasl Sweep Operation

1. Set SWEEP FREQ Ha switch st EXT,

2. Connect the external sweep input 1o H IN, NOTE: Do not
apply more than 3Vpp (Vpp + DCV), Use a blocking
capacitor when only the AC component is to be wrilized,

3. Adjust H GAIN for desired sweep width.

3.4 Imensity Modulation
Frequency markers, timing pulses or other signals can be
applied on the trace with connection from sweep generators, etc.,

to INTEN MOD on the rear panel, Approximately 20Vp-p input
is required, An example is shown in Fig. 32

- 10 -
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Fig. 32  Intensity modulated trace.

35 Voltage Medsurements

When comparing the performance of amplifiers, tuners,

gtc., it is comvemient to determine the response in terma of
voliage. The method of calibration and use are given below.
3.5.1 Voltage Calibration

1.

Switch settings:
AC-DC at DC. VERT INPUT at X110,
SWEEP FREQ at 10-100.
Disconnect any input connection at V IN.
Adjuit the vertical poaitioning contrel to locate the trace
at four divisions below the middle horizontal line,
Connect the 4" al & L5V battery to V IN and the *—" 1o
ground.
Adjust YERT GAIN control so that the trace movement
ta 7.5 divisions,
Do not tooch VERT GAIN alter this sdjustment.
Under this condition, the vertical axis b calibrated st
0.2Vp-p per div.
At X1 and X100 respectively of VERT INPUT, the sensi-
tivicy will be 20mVp-p/div and 2V p-p/div.
NOTE: 1. Other senstivifies can be obtalned with the
sme calibrution method, For example, when
asing a =1V wapply from & lq;l.ll.l'ltﬁ D source,

— 11 —



instead of the 1.5V battery, adjust VERT GAIN
for & S5div movement; in this Inatance, the
n,:'l.'p-pr-.-lh condition s obtained.

2. The sccuracy will depend on the actual voltage
of the “1.5V™ buateery.

3,52 AC Voltage Measurements

2.
3
4

After calibration, disconnect the DC voltage from V 1M,
Sat AC-DC switch at AC,

Connect the voliage under measurement to V IN.

Set the sweep frequency controls for twa or three cycle
display.

Set VERT INPUT at the range to place the waveloem
peaks within upper and lower lines an the graticule.

Mote the distance between the peaks

The peak-to-peak voltage ia given by -

{Distance bn div) X (Vp-p/div) X Multplier = Vp-p.
Example: (See Fig. 3-3.)

At Adiv, voltage o 0LBVp-p
— when calibrated at 0.2Vp-p/
J;" div, and VERT INPUT at

A x1

Fig. >3  Example of Vp-p measurement.

3.5.3 DC Voltage Measurements

1.
r

Set AC-DC switch at DC,

Adjuse vertical posinioning to put the wrace on middle line,
Connect the voltage under measurement to WV IN,

The wace will move up for +¥ and down for =V,

The voltage is given by -

P i



(Distance of movement) = (Vp-pldiv) = Maltiplier =
Vil DC,
Note that the DC voltage is the same s Vp-p for AC input.

Example: (See Fig. 3-4)

At Mdiv, valtage n +0.6V

whin calibrated at 0.2%/
div and VERT INPUT at
L |

Fig. 34 Emphufmhﬂhfmnmmt

36 Fregquency Comparison

Unkown frequencies under test can be compared or

checked with a standard, or known, frequency by the Bmsjous
partern method.

1.

8

Connect the unknown frequency o V IN.

Adjuut vertical controls for suttable amplitude.

Connect the sandard frequency to H IN.

Set SWEEP FRE() ar EXT.

Adjust H GAIN for suitable width,

Adjust the known, or unknown, frequency for s clearly

The frequency b calculated from the following relation:

F“_.F’_'"'

where Fy = sandard frequency (horsantal input),
Fy = unknown frequency (vertical input).
Ny = number of loops on upper line.
My = number of loops on left line,
The pattern for Fy = Fy % 3 Is shown in Fig. 3.5,

- 13-
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Fig. 35  Frequency comparison.
Examples:
A.  Use of line frequency as standard.
. Connect aboot 1Vrms from a line step down trans-
former to H TN, Adjust H GAIN for saitable wideh.
2. Connect a varlable audio oscillavor to V IN.
3. Adjust the oscillator frequency cantrol.
At 50, 100, 150Hs . {or 60, 120, 180Hz ...), the
pattern with 1, 2, 3 ... loops will be displayed; these
are st multiples of che line frequency.

B, Use of s 1kHz standard.
When a TkHr standard is used, the same patterns
will be displayed at 1, 2, 3kHz ... At submultiples, namely,
500, 333, 250, 200Hz: .., etc., the patterns will be rotated
by 90° but the same formula is used in calculation,

3.7  Amplitude Modulation Measurement
Two methods will be described for determination of am-
plitude modulation of carrier frequencies up 1o 450 MHz in radic
transmitters.
The input signal is connected to DIRECT and GND on
the rear panel. The skide switch is set at DIRECT, see Fig. 3-6.

- i -
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Fig- 36  Switching for AM measurement.

The signal s picked with s coil loosely coupled o the
final stage in the transmitter, Care must be exerchied when mak-
ing transmitter Medssirementa.

Depth of modulation, m, is caleulated from the relation -
A—B
A+ B

m = X 1009

A Envelope method.
Adjust sweep controls for o two-cycle display, see
"A" in Fig. 3-7: overmodulated condition is shown at “B",

e =

Ar Typical B: Dvermodulation
Fig. 37 Envelope method

B. Traperold method,
1.  Set SWEEP FRE() switch st EXT.

2. Connect s part of the audio modulation source to
H IN,

3, ﬁ.lijﬂ.l'lH GAIN for suitable wideh.
4. A rypical psctern ia shown at “A" in Fig, 3-B: aver-
modulation is shown at *B™.

- 15 —



4.1

4.2

i

Ar Typical B Owermodalation
Fig. 38  Traperold method

IMPORTANT:  After the messurements, do not forget to
set the slide switch at AMP (NORMAL )

CIRCUIT DESCRIPTION

General

In this section the circuits which compose the LBO-310A
will be brifly described. Reference will be made to the functional
block and schematic diagrams.

Vertical Amplifier

The signal to be displayed b connected to V Input.
The AC-DC wwitch inseres a blocking cupacitor for AC signals,
For sttenuation of the imput, two frequency compensated
attenuators are used at %10 and =100 positions of VERT
INFUT switch.

The amplifier consists of a source follower, Q202, and a
seli-baluncing stage, Q204-0205, for pushpull cutput. The deflec.
tion amplifier stuge Is made up with Q206-Q207 (high valtage
transistor).

Vertical gain b controlled with VR202 which adjusts the
feedback in the Q202-Q205 stage. Spot positioning s done with
VRI0I which adjusts the base biaa woltage on Q206-Q207 to
produce the required wtstic deflection.



Two diode connected translstors, Q201-Q203, wre con-
nected acroan the input of Q202 for overload protection.

4.3 Horzontad Circuits
4.3.1 Sweep Frequency Generator

A modified multivibrator circuit (run-down type) is used
in_ generating the wweep frequency voltage, from 10Hz to over
100kHz, in four steps, Intermediate frequencies are set with
SWEEP VAR control, V301, which adjusts the time constant
of the sawtooth waveform outpot. This control W used for
H GAIN at the EXT sctting of SWEEF FREQ switch,

Foe synchronizing the sweep frequency, the negative peak
voltage picked off one side of the deflection stuge is applied 1o
the sweep gonerstor. The sweop b automatically synchronized

when there is about 1div trace amplitude.

4.3.2 Horizantal Amphifier

4.4

Inputs from the sweep generator and external horizontal
source are selected with the SWEEP FREQ H: wswitch, The
amplifier comslsts of & souree follower, Q301, and a self-
balancing smplifier, Q302-Q303, for pushpull owrput to the
horizontal CRT deflection plates.

Powcr Hnﬂllhl and CRT Chrcuit
Four DC voltage supplies are used as follows:
~1220V [spprox.) for CRT acceleration.

+160V for final stage and astigmatiom adjustment,

+l1:'||"l.:| for umplifiers and sweep clrcult: zener diodes are
= sl for stabilization.

- AT -



MAINTENANCE

51 General
After a long period of use, it may be necessary to make
minor adjustments and/or replacement of components. In this
section, directions are given for checking and adjusements.

5.2 Exposing the Chassis

IMPORTANT: When checking with the AC power turned on,
extreme care must be taken not to come kito
contact with the high woltage in the CRT
circuit,

L Disconnect AC plug from the AC line,

2. Referring to Fig. 51, remove scrows as shown for

covers on each side and take off the covers,

Fig. %1  Removal of covers {tl;ﬁ-ldi shown ),

8.3 Location nf.ﬁ.ﬂ.jul:r.l,-.n.
Adjusters on the printed cireuit board are shwon in Fig, 5-2.

T O

YR 1 VH =
A&TIG HALN

Vi s

Lk m

\'II:ML?
VB

F@!':E. Location nfﬂjumuuul"ﬂﬂ,
— 18 =




5.4 Verdical Amplifier Balancing

When there s a0 lasge shift in display s VERT GAIN

control ls adjusted, the [ollowing steps wre wken. (NOTE:
A alight amount of shift can be usually tolerated since it can be
compensated with the positioning control withour sffecting the

sermitiviry. |

Control settings:
VERT INPUT a1 GND.
VERT GAIN &t fully counterclochwise,
HOR GAIN at fully counterclockwise,

Adjustmenia:

a.  Set vertical positioning for spot at middle horizontal
fine.

b. Rotate VERT GAIN to fully clockwise. There shoald
be no verticul shift for proper condition,

If any shift occun, adjust V DC BAL, VR201, using
a small screw driver, to return the spot to original
poaition.

Repeat process of rotating VERT GAIN back and forth
anal adjusting VR201 until there is no POt MOYEMERE, OF
a minimam condition.

5.5 Vertical Attenuator Frequency Compensation

1.

r
3

Set the scope controls for weaveform observation.
Sov AG-DC gwitch ar DC,

Connect u 1kHz square wave (overshoot snd sag lem than
1%} to V.IN,

The waveform display st VERT INPUT X10 and X100
should be as shown st “B" in Fig. 53, with perfect
EOTHErs.

If not, sdjust trimmers VC201 and VC202 respectively at
K10 and X100 settings of VERT INFUT.

-



3.6

=

5.8

A: lmproper B: proper C: lmproper

Fig. 5-3  Attenuator frequency compensation,

Upper Limit of Sweep Frequency
This adjustment is required only when & sngle wave of
a 110kHz input i not properly displayed.
1.  Control settings
SWEEP FRECQ) Hz at 100k range.
Sweep Vardable at fully clockwise.
2. Connect s 110kHs sine wave gignal input to V.IN,

3. Adjuse BIAS Adjuster, VRA01, for the single wave display.

Harizontal Gain Limiting

This adjustment sets the width of internal sweep on the
screen. At all settings of SWEEP FRE(Q) H:, namely 10Hz ro
100kHz, the length of the sweep line should cover the full
width of the screen, If not, sdjust H GAIN Adjuster, VRI03,
to or near this condition,

Astigmatism
This adjustment is required anly when the CRT has been
replaced.
A dmple method of sdjustment b the use of & circular
pattern produced by application of the lissajous method des
cribed In Sect. 3.6. The pattern is formed with wie of lne



2.9

frequency input to V. IN and an audlo osclllator dgnal at the
smme frequency to H IN (st SWEEP FREQ swatch at EXT),

By adjusting the frequency ta 1:] ratio, set the gain
controls for a trace about 9 div in diameter,

Adjust ASTIG, VRIOL, together with FOCUS control so
that the traced line s uniform all around.

Fuse Replacement
Fuse Rating Line Voltage
0,54 100115V
0.3A 200230V

If the fuse blows after replacement, chock the powsr
wpply circuits for defective parts, such mn filter capacitors, ete.

= -
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