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Section 1--7623A/R7623A Service

OPERATING INFORMATION

PRELIMINARY OPERATION

To effectively use the 7623A/R7623A Storage Oscilloscope, the operation and capabilities of the instru-
ment must be known. This section provides preliminary operating information, describes operation of con-

trols and connectors, and provides an operating checkout procedure.

AC POWER SOURCES

This instrument is intended to be operated from a single-phase, earth-referenced power source having
one current-carrying conductor (the Neutral Conductor) near earth potential. Operation from power sources
where both current-carrying conductors are live with respect to earth {such as phase-to-phase on a three-wire

system) is not recommended since only the Line Conductor has over-current (fuse) protection within the

instrument.

AC POWER CORD

This instrument has a three-wire power cord with a three-terminal polarized plug for connection to
the power source and safety-earth. The safety-earth terminal of the plug is directly connected to the in-
strument frame. For electric-shock protection, insert this plug only in a mating outlet with a safety-earth
contact or otherwise connect the frame to a safety earth system. The color-coding of the cord conductors

is in accordance with recognized standards as shown in Table 1-1.

TABLE 1-1
Power Cord Color Coding

Conductor USA & Canada IEC

Line Black Brown

Neutral White Blue

Safety-Earth Green with Green with
Yellow stripe Yellow stripe

OPERATING VOLTAGE
The 7623A/R7623A can be operated from either a 110-volt or a 220-volt nominal line-voltage source.

In addition, three operating ranges can be selected within each nominal line voltage source. Use the follow-
ing procedure to obtain correct instrument operation from the line voltage available:
1. Disconnect the instrument from the power source.

2. Remove the six screws securing the power unit (nine screws in the R7623A; see Figure 1-1).

3. Slide the power unit out of the rear of the chassis.

1-1
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5. To convert the instrument from one regulating range to another, remove the voltage selector
jumper and re-install it on the set of pins corresponding to the desired regulating range. The proper reg-
ulating range will center about the average line voltage to which the instrument is to be connected (see

Table 1-2).

TABLE 1-2 .
Regulating Range and Fuse Data
Pins Regulating Range
Selected
______ 110-volts {nominal) __220-volts (nominal)
LOW 90 to 110 volts 180 to 220 volts
MED 99 to 121 volts 198 to 242 volts
Hi 108 to 132 volts 218 to 262 volts
Line Fuse 3.2 A slow-blow 1.6 A slow-blow

OPERATING TEMPERATURE
The 7623A can be operated where the ambient air temperature is between 0°C and +50°C. This in-

strument can be stored in ambient temperatures between —55°C and +75°C. After storage at temperatures
beyond the operating limits, allow the chassis temperature to come within the operating limits before power

is applied.

The 7623A is cooled by air drawn in through the top, side, and bottom panels and exhausted through
the rear panel. Components that require most cooling are mounted externally on a heat radiator. Adequate
clearance must be provided on all sides to allow heat to be dissipated from the instrument. Do not block or
restrict the air flow through the holes in the cabinet or the heat radiator. Maintain the clearance provided

by the feet on the bottom and allow about two inches clearance on the top, sides, and rear {more if possible).

The R7623A is cooled by air drawn in through the air filter on the rear panel and exhausted through
ports on the right side of the instrument. Adequate clearance must be provided at these locations. Allow

at least one and one-half inches clearance behind the air filter and at least one inch on the right side.

A thermal cutout interrupts power to the instrument if the internal temperature exceeds a safe oper-
ating level. Power is automatically restored when the temperature returns to a safe level. Operation in

confined areas or close to a heat source may cause the thermal cutout to open.

RACKMOUNTING

Instructions and dimensional drawings for rackmounting the R7623A are given in the Operators manual,
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PLUG-IN UNITS

The 7623A will accept up to three 7-series plug-in units. This plug-in feature permits a variety of
display combinations and also allows selection of bandwidth, sensitivity, display mode, etc. to meet many
measurement requirements. In addition, it allows expansion of the oscilloscope system to meet future
measurement requirements. The overall capabilities of the resultant system are in large part determined
by the characteristics of the plug-in selected. For complete information on plug-ins available for use with

this instrument, see the current Tektronix, Inc,, catalog.

PLUG-IN INSTALLATION AND REMOVAL

To install a plug-in unit into one of the plug-in compartments, align the slots in the top and bottom
of the plug-in with the associated guide rails in the plug-in compartment. Push the plug-in unit firmly into
the plug-in compartment until it locks into place. To remove a plug-in, pull the release latch on the plug-in
unit to disengage it and pull the unit out of the plug-in compartment. Plug-in units can be removed or in-

stalled without turning off the instrument power.

It is not necessary that all of the plug-in compartments be filled to operate the instrument; the only
plug-in units needed are those required for the measurement to be made. However, at environmental ex-
tremes, excess radiation may be radiated into or out of this instrument through the open plug-in compart-
ments. Blank plug-in panels are available from Tektronix, Inc., to cover the unused compartment; order
Part No. 016-0155-00.

When the 7623A is calibrated in accordance with the calibration procedure given in Section 5,
the vertical and horizontal gains are standardized. This allows calibrated plug-in units to be changed from
one plug-in compartment to another without recalibration. However, the basic calibration of the individual
plug-in units should be checked when they are installed in this system to verify their measurement accuracy.

See the plug-in unit instruction manual for verification procedure.

Special purpose plug-in units may have specific restrictions regarding the plug-in compartments in
which they can be installed. This information will be given in the instruction manual for these plug-in units.

14
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FRONT PANEL CONTROLS AND CONNECTORS

The following descriptions are referenced to Figure 1-2.

(1) veRT MODE:
LEET:

ALT:
ADD:

CHOP:

RIGHT:

(g) TRIG SOURCE:

LEFT:

VERT MODE:

RIGHT:

Selects vertical mode operation.
Selects signals from the left vertical amplifier compartment for display.

Selects signals from both vertical compartments for display on alternate

sweeps (dual trace).

Algebraically adds the signals from both vertical compartments and dis-

plays the sum.

Selects signals from both vertical compartments for display (dual trace).
The display switches between both vertical compartment signals, during

the sweep, at a one megahertz rate.

Selects signals from the right vertical amplifier compartment for display.

Selects the source of the internal trigger for the plug-in unit in the hori-

zontal compartment.

Selects the left vertical compartment as the internal trigger source.
Internal trigger signals are determined by the VERT MODE switch.

Selects the right vertical compartment as the internal trigger source.

(E) INTENSITY-Controls the brightness of the display

READQUT ~Turns on the Readout system and controls the brightness of the Readout display.
(Option 1 deletes this function.)

@ BEAMFINDER—~When pressed, this switch limits the display to within the graticule area.

@ GRATICULE ILLUM--Controls the illumination of the graticule.
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FRONT PANEL CONTROLS AND CONNECTORS (cont.)

@

®

® & G ©

ERASE—Initiates erase cycles; either MANual or PERIODIC.

MANual: When pressed, initiates an erase cycle to erase the stored display and
provide a single-shot reset command to the plug-in time-base unit.

Operation is locked out in SAVE display mode.

PERIODIC: Controls the time between automatic erase cycles. If the erase period
ends during a sweep, the erasure is delayed till the end of that sweep.
This control has a counterclockwise OFF detent position. Operation

is locked out in the SAVE display mode.

PERSISTENCE—Controls the view time of the VAR PERSIST and FAST VAR PERSIST
stored displays. Operation is locked out in the SAVE display mode.

FAST-Used in conjunction with the VAR PERSIST and BISTABLE storage selections to choose
the fast transfer storage modes of either FAST VAR PERSIST or FAST BISTABLE.

VAR PERSIST ~Selects the Variable Persistence storage mode. The stored display is of variable
intensity dependent upon the setting of the STORAGE LEVEL, density of charge deposited
when storing, etc. The stored display can be erased at a controllable, continuous rate determined
by the setting of the PERSISTENCE control. When not being erased, the view time is limited by
the natural bright fading of the storage target.

BISTABLE-—Selects the BISTABLE storage mode. The stored display is substantially of two
fixed intensity levels; written {bright} and unwritten (background). An erase cycle returns the

display to the unwritten state.

POWER-—-Switch and indicator. Switch applies power to the instrument and the indicator illumi-

nates to indicate the power is on.

CALIBRATOR—Positive going square wave or dc voltage selected by an internal jumper. Output
voltage at pin jacks (4 V, 0.4 V, and 40 mV).

STORAGE LEVEL--Controls the voltage level on the storage targets. Adjusts writing speed in
FAST BISTABLE, VAR PERSIST, and FAST VAR PERSIST.

SAVE INTEN-Used in conjunction with SAVE to control the storage viewing intensity. At
reduced intensity, the view time of the stored VAR PERSIST display is proportionately ex-
tended.

SAVE-Selects the SAVE display mode. The stored display is retained at a controllable SAVE
INTENSITY and the erase functions are locked out. The time-base unit is inhibited except
when the SAVE mode is entered from STORE before a sweep occurs. If this is done, the dis-
play will wait in the STORE mode and enter SAVE automatically at the end of the next

1-7
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FRONT PANEL CONTROLS AND CONNECTORS (cont.)

occuring sweep. This is referred to as the ‘babysitting’ mode.

FAST LEVEL CENTER—Adjusis the voltage level of the FAST target relative to the viewing
target and, therefore, the tracking of the STORAGE LEVEL for the two targets.

®

STORE~Selects the STORE display mode.

NON STORE—~Selects conventional display mode. Storage system is inoperative.

TRACE ROTATE--Adjusts alignment of the trace with the horizontali graticule line.

FOCUS--Provides adjustment for display definition.

ONORONONO

22) CAMERA POWER-—Three-pin connector on crt bezel provides power output and receives

remote single-sweep reset signal from compatible camera systems.

REAR PANEL CONTROLS AND CONNECTORS

The following descriptions are referenced to Figure 1-3.
@ FUSE—Line voltage fuse.
REMOTE ERASE IN--Provides external connection for remote erase.
@ EXT SS RESET IN--Remote single sweep reset.
EXT Z AXIS IN=Input for intensity modulation of the crt display.

@ VERT SIG OUT—Vertical signal selected by TRIG SOURCE switch (LEFT, RIGHT, ALT, and
ADD).

@ + GATE OUT —Gate signal selected by gate selector switch (Main, Auxiliary, and Delay).

+ SAWTOOTH OUT—Positive-going sawtooth from time-base unit.

1-8
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GENERAL OPERATING INFORMATION
INTENSITY CONTROL

The setting of the INTENSITY control may affect the correct focus of the display. Slight re-adjustment
of the FOCUS adjustment may be necessary, when the intensity level is changed. To protect the crt phosphor;
do not turn the INTENSITY control higher than necessary to provide a satisfactory display. The light filters
reduce the observed light output from the crt. When using these filters, avoid advancing the INTENSITY
control to a setting that may burn the phosphor. When the highest intensity display is desired, remove the
filters and use only the clear faceplate protector {permanently installed behind bezel). Apparent trace in-
tensity can also be improved in such cases by reducing the ambient light level or using a viewing hood. Also,
be careful that the INTENSITY control is not set too high when changing the time-base unit sweep rate from
a fast to a slow sweep rate, or when changing to the X-Y mode of operation. The instrument incorporates
protection circuitry which automatically reduces the display intensity to a lower level when the time-base
unit is set to a slow sweep rate. This reduces the danger of damaging the crt phosphor at these lower sweep
rates.

DISPLAY FOCUS

The FOCUS adjustment allows control for best definition of the crt display. The Readout intensity
should be turned on when adjusting the focus. Slight re-adjustment of this control may be necessary as
display conditions change. If a properly focused display cannot be obtained with the FOCUS adjustment,

the internal Astigmatism adjustment must be re-set; see Section 5.

GRATICULE

The graticule of the 7623A is marked on the inside of the faceplate of the crt, providing accurate, non-
parallax measurements. The graticule is divided into eight vertical and ten horizontal divisions. Each full scan
division is 0.9 centimeter square divided into five minor divisions. The vertical gain and horizontal timing of
the plug-in units are calibrated to the graticule so accurate measurements can be made from the crt. The
illumination of the graticule lines can be varied with the GRATICULE ILLUM controi.

SECOND CENTER TENTH
VERTICAL VERTICAL VERTICAL
LINE LINE LINE
. . . Co . . . :
| :
N l
o | 1 )
90 ‘ . » . . ] ‘. . )
e e e l . | l : !
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. . . H FERY SRS . L . .
. I : ] ' ! ’
- . .
! | f P ' CENTER
. . H f l e e b mee s J S . o +HORIZONTAL
H : : . LINE
) . l f ' Y ‘
; Codo ¢ o1 ‘ . N |
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10 t . P P | B i

Figure 1-4. Definition of measurement linss on the graticule.

1-10



Operating Information—7623A/R7623A Service

Fig. 1-4 shows the graticule of the 7623A and defines the various measurement lines. The termino-
logy defined here will be used in all discussions involving graticule measurements. Notice the 0%, 10%,
90%, and 100% markings on the left side of the graticule. These markings are provided to facilitate rise-

time measurements.

LIGHT FILTER

The tinted filter provided with the 7623A minimizes light reflections from the face of the crt to
improve contrast when viewing the display under high ambient light conditions. This filter should be
rermoved for waveform photographs or when viewing high writing rate displays. To remove the filter,
pull outward on the bottom of the plastic crt mask and remove it from the crt bezel. Remove the
tinted fiiter; leave the clear plastic faceplate protector installed and replace the bezel. The faceplate

protector should be left in place at all times to protect the crt faceplate from scratches.

An optional mesh filter is avaiiable for use with the 7623A. This filter provides shielding against
radiated emi (electro-magnetic interference) from the face of the crt. It also serves as a light filter to
make the trace more visible under high ambient light conditions. The mesh filter fits in place of the
plastic crt mask and the tinted filter. The filter can be ordered by Tektronix Part No. 378-0603-00.

BEAMFINDER

The BEAMFINDER switch provides a means of locating a display which overscans the viewing
area either vertically or horizontally. When the BEAMFINDER switch is pressed and held, the display
is compressed within the graticule area. Release the BEAMFINDER switch to return to a normal dis-

play. To locate and reposition an overscanned display, use the following procedure:
1. Press and hold the BEAMFINDER switch.

2. Increase the vertical and horizontal deflection factors until the vertical deflection is reduced to
about two divisions and the horizontal deflection is reduced to about four divisions (the horizontal de-

flection needs to be reduced only when in the X-Y mode of operation).

3. Adjust the vertical and horizontal position controls to center the display about the vertical

and horizontal center lines of the graticule.

4, Release the BEAMFINDER switch; the display should remain within the viewing area.
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STORAGE

The 7623A Transfer Storage Oscilloscope has four selectable storage modes {listed in order of
increasing writing speed): BISTABLE, VAR PERSIST, FAST BISTABLE, and FAST VAR PER-
SIST. The storage writing speed in all storage modes is affected by the setting of the INTENSITY
control. The STORAGE LEVEL control also adjusts writing speed in all storage modes except
BISTABLE. The STORAGE LEVEL control adjusts the bias voltage on the Front Mesh in VAR
PERSIST mode and on the Fast Mesh in the FAST modes.

Fastest writing speed is obtained with the INTENSITY control set to maximum without bioom-
ing the trace and the STORAGE LEVEL set in the two o'clock position.

The erase cycle removes any previous display from the Front (view) Mesh and prepares this mesh
for receipt of a waveform. Erase cycles are initiated by pressing the MANual knob or by rotating it out
of the MAX detent position for PERIODIC erasure. Frequency of PERIODIC ERASE cycles can be
controlled in the 2 - 10 second range. If a sweep is in progress when the PERIODIC ERASE cycle oc-
curs, the erase cycle is delayed until the end of sweep. Thus, the PERIODIC ERASE control can be
used to set up an erase-after-sweep operation for slower periodic sweeps. A Single Sweep Reset is
sent to the time-base unit at the end of each erase cycle. Consequently, if the time-base unit is in the

single-sweep mode, it is automatically armed to run once following each erase cycle.

REMOTE ERASE is commanded by a ground closure applied to the rear panel input.

BISTABLE MODE

In the BISTABLE storage mode, the INTENSITY control adjusts for optimum stored display.
Slower signals require less intensity to store than faster signals. The STORAGE LEVEL and PERSIS-
TENCE controls do not operate in the BISTABLE mode.

VARIABLE PERSISTENCE MODE
In the VAR PERSIST mode, the INTENSITY and STORAGE LEVEL controls adjust the writing
speed and the PERSISTENCE control adjusts the length of time the stored signal is visible before it

fades into the background.

FAST MODES

Time-base unit operation is modified by the Storage system in the FAST storage modes to permit
individual sweeps to recur at about one second intervals. This permits the Fast Mesh to be prepared
between sweeps. After each sweep, the signal is transferred from the Fast Mesh to the Front Mesh for

viewing. Then, the Fast Mesh is prepared again for the next sweep and the cycle repeats.

If an erase cycle occurs, Fast Mesh preparation takes place during the erase cycle. However, it is

not necessary to ERASE for the sweep and transfer functions to cycle. For instance, if the time-base
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unit is set for single-sweep, multiple sweeps can be stored by pressing the reset button on the time-base
unit. If the time-base unit is set for auto triggering, the sweep and transfer functions automatically
operate in a cyclical fashion. After each sweep, the display transfers to the Front Mesh for viewing
and the Fast Mesh is prepared for the next sweep. Since no erase cycle is generated, multiple sweeps

can be stored automatically in this manner. This can be more easily observed if the vertical position

is varied between sweeps.

FAST BISTABLE MODE
This mode operates the same as BISTABLE except the display is written on the Fast Mesh and
transferred to the Front Mesh for viewing as described above. Therefore, the STORAGE LEVEL control

setting affects the stored writing speed.

FAST VARIABLE PERSISTENCE MODE
This mode combines the operation of both VAR PERSIST and FAST BISTABLE. The PERSISTENCE
control adjusts the view time, the STORAGE LEVEL adjusts writing speed, and the display will automaticaily

sweep and transfer when the time-base unit is set for auto triggering.

SAVE MODE

The SAVE mode can be entered from either storage mode to retain a stored display indefinitely.
The intensity of the stored display in the SAVE mode is adjusted by the SAVE INTEN control. When
the SAVE mode is selected, the ERASE function is locked out to prevent erasure of the stored display.
Also, the time-base unit is inhibited except when the SAVE mode is entered from STORE before a sweep
occurs. If this is done, the display will wait in the STORE mode until a sweep occurs. When a sweep oc-

curs the display will automatically enter SAVE. This is referred to as the ‘Babysitting” mode.

CARE OF STORAGE SCREEN

The following precautions will prolong the useful storage life of the crt screen used in this instrument.
1. Use minimum beam intensity to produce a clear, well-defined display.
2. Use minimum SAVE INTEN when storing images for extended periods of time.

3. Avoid repeated use of the same area of the screen. If a particular display is being stored repeat-

edly, change the vertical position occasionally to use other portions of the display area.
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VERTICAL MODE
LEFT AND RIGHT MODE
When the LEFT or RIGHT button of the VERT MODE switch is pressed, only the signal from the

plug-in unit in the selected compartment is displayed.

ALTERNATE MODE

The ALT position of the VERT MODE switch produces a display which alternates between the plug-in
units in the left vertical and right vertical compartments with each sweep of the crt. Although the ALT mode
can be used at all sweep rates, the CHOP mode provides a more satisfactory display at sweep rates below

about 20 milliseconds/division. At these slower sweep rates, alternate-mode switching becomes visually

perceptible.

NOTE

This instrument will not operate in the ALT mode if the horizontal

plug-in unit is not operated in the time-base mode.

The TRIG SOURCE switch allows selection of the triggering for an alternate display. When this switch
is set to the VERT MODE position, each sweep is triggered by the signal being displayed on the crt. This
provides a stable display of two unrelated signals, but does not indicate the time relationship between the
signals. In either the LEFT or RIGHT positions of the TRIG SOURCE switch, the two signals are displayed
showing true time relationship. However, if the signals are not time-related, the display from the plug-in

unit which is not providing a trigger signal will appear unstable on the crt.

CHOPPED MODE

The CHOP position of the VERT MODE switch produces a display which is electronically switched
between channels at a one-megahertz rate. In general, the CHOP mode provides the best display at sweep
rates lower than about 20 milliseconds/division, or whenever dual-trace single-shot phenomena are to be

displayed. At faster sweep rates, the chopped switching becomes apparent and may interfere with the

display.

Correct internal triggering for the CHOP mode can be obtained in any of the three positions of the
TRIG SOURCE switch. When the TRIG SOURCE switch is set to VERT MODE, the internal trigger signals
from the vertical plug-in units are algebraically added and the time-base unit is triggered from the resultant
signal. Use of the LEFT or RIGHT trigger-source positions triggers the time-base unit on the internal trig-
ger sigﬁal from the selected vertical unit only. This allows two time-related signals to be displayed showing
true time relationship. However, if the signals are not time-related, the display for the channel which is
not providing the trigger signal will appear unstable. The CHOP mode can be used to compare two single-
shot, transient, or random signals which occur within the time interval determined by the time-base unit
(ten times selected sweep rate). To provide correct triggering, the display which provides the trigger signal

must precede the second display in time. Since the signals show true time-relationship, time-difference
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measurements can be made from the display.

ALGEBRAIC ADDITION
The ADD position of the VERT MODE switch can be used to display the sum or difference of two

signals, for common-mode rejection to remove an undesired signal, or for dc offset (applying a dc voltage
to one channel to offset the dc component of a signal on the other channel). The common-mode rejection
ratio between the vertical plug-in compartments of the 7623A is greater than 20:1 at 50 megahertz. The

rejection ratio increases to 100:1 at dc.

The overall deflection factor on the crt in the ADD mode is the resultant of the algebraic addition
of the signals from the two vertical plug-in units. It is difficult to determine the voltage amplitude of the
resultant display unless the amplitude of the signal applied to one of the plug-in units is known. This is
particularly true when the vertical units are set to different deflection factors, since it is not obvious which
portion of the display is a result of the signal applied to either plug-in unit. Also, the polarity and repeti-

tion rate of the applied signals enters into the calculation.

The following general precautions should be observed to provide the best display when using the
ADD mode:

1. Do not exceed the input voltage rating of the plug-in units.

2. Do not apply large signals to the plug-in inputs. A good rule to follow is not to apply a signal
which exceeds an equivalent of about eight times the vertical deflection factors. For example, with a
vertical deflection factor of 0.5 volt/division, the voltage applied to that plug-in unit should not exceed

4 volts. Larger voltages may result in a distorted display.

3. To ensure the greatest dynamic range in the ADD mode, set the position controls of the plug-in
units to a setting which would result in a mid-screen display if viewed in the LEFT or RIGHT positions
of the VERT MODE switch.

4. For similar response from each channel, set the plug-in units for the same input coupling.

TRIGGER SOURCE

The TRIG SOURCE switch allows selection of the internal trigger signal for the time-base unit. For
most applications, this switch can be set to the VERT MODE position. This position is the most conve-
nient, since the internal trigger signal is automatically switched as the VERT MODE switch is changed, or
as the display is electronically switched between the left vertical and right vertical plug-in units in the ALT
position of the VERT MODE switch. It also provides a usable trigger signal in the ADD or CHOP positions
of the VERT MODE switch, since the internal trigger signal in these modes is the algebraic sum of the sig-
nals applied to the vertical plug-in units. Therefore, the VERT MODE position ensures that the time-base
unit receives a trigger signal regardless of the VERT MODE switch setting, without the need to change the

trigger source selection.
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If correct triggering for the desired display is not obtained in the VERT MODE position, the LEFT
or RIGHT positions can be used to obtain the trigger signal from either the left vertical or right vertical
plug-in unit. The internal trigger signal is obtained from the selected vertical compartment, whether the
plug-in unit in that compartment is selected for display on the crt or not. If the internal trigger signal is
obtained from one of the vertical units, but the other vertical unit is selected for display, the internal

trigger signal must be time-related to the displayed signal in order to obtain a triggered (stable) display.

X-Y OPERATION

For some applications, it is desirable to display one signal versus another (X-Y) rather than against
time (internal sweep). The flexibility of the plug-in units available for use with the 7623A provides a means
for applying an external signal to the horizontal deflection system for this type of display. Some of the
7B-series time-base units can be operated as amplifiers in addition to their normal use as time-base genera-
tors. This feature allows an external signal to provide the horizontal deflection on the crt. For most of
the time-base units with the amplifier function, the X {horizontal) signal can be connected either to an
external input connector on the time-base unit or it can be routed to the time-base unit through the
internal triggering system ({see time-base instruction manual for details}. If the latter method is used, the
TRIG SOURCE switch must be set so that the X (horizontal) signa! is obtained from one of the vertical
units and the Y (vertical) signal is obtained from the other vertical unit. The advantages of using the in-
ternal trigger system to provide the X signal are that the attenuator switch of the amplifier unit providing
the horizontal signal determines the horizontal deflection factor to allow full-range operation. The plug-

in units do not have to be removed between compartments when X-Y operation is desired.

Another method of obtaining an X-Y display is to install an amplifier plug-in unit in the horizontal
plug-in compartment (check amplifier unit gain as given in the plug-in instruction manual to obtain calibrated
horizontal deflection factors). This method provides the best X-Y display, particularly if two identical ampli-
fier units are used, since both the X and Y input systems will have the same delay time, gain characteristics,
input coupling, etc. For further information on obtaining X-Y displays, see the plug-in unit manuals. Also,
the reference books listed under Applications provide information on X-Y measurements and interpreting

the resultant lissajous displays.

INTENSITY MODULATION

Intensity (Z-axis) modulation can be used to relate a third item of electrical phenomena to the
vertical (Y-axis) and the horizontal {X-axis) coordinates without affecting the waveshape of the displayed
signal. The Z-axis modulating signal applied to the crt circuit changes the intensity of the displayed wave-
form to provide this type of display. ‘Gray scale’ intensity modulation can be obtained by applying signals
which do not completely blank the display. Large amplitude signals of the correct polarity will completely
blank the display; the sharpest display is provided by signals with a fast risetime and fall. The voltage amp-
litude required for visible trace modulation depends upon the setting of the INTENSITY control. A two-
volt peak-to-peak signal will completely blank the display even at high intensity levels. Lower amplitude
signals can be used to only change the trace brightness rather than completely blank the display. Negative-

going modulating signals increase the display intensity and positive-going modulating signals decrease the
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display intensity. Useful input frequency range is dc to 10 megahertz (input voltage derating necessary

above two megahertz). The maximum input voltage should be limited to 10 volts (dc plus peak ac).

Time markers applied to the EXT Z AXIS input connector provide a direct time reference on the
display. With uncalibrated horizontal sweep or external horizontal mode operation, the time markers
provide a means of reading time directly from the display. However, if the markers are not time-related
to the displayed waveform, a single-sweep display should be used (for internal sweep only) to provide a

stable display.

RASTER DISPLAY

A raster-type display can be used to effectively increase the apparent sweep length. For this type
of display, the trace is deflected both vertically and horizontally by sawtooth signals. This is accomplished
in the 7623A by installing a 7B-series time-base unit in one of the vertical plug-in compartments. Normally,
the time-base unit in the vertical compartment should be set to a slower sweep rate than the time-base unit
in the horizontal compartment; the number of horizontal traces in the raster depends upon the ratio between
the two sweep rates. Information can be displayed on the raster using several different methods. In the ADD
position of the VERT MODE switch, the signal from an amplifier unit can be algebraically added to the ver-
tical deflection. With this method, the vertical signal amplitude on the crt should not exceed the distance
between the horizontal lines of the raster. Another method of displaying information on the raster is to
use the EXT Z AXIS input to provide intensity modulation of the display. This type of raster display could
be used to provide a television-type display. Complete information on operation using the Z-axis feature is

given under Intensity Modulation.

To provide a stable raster display, both time-base units must be correctly triggered. Internal triggering
is not provided for the time-base units when they are in the vertical compartments; external triggering must
be used. Also, blanking is not provided from the time-base units when they are installed in a vertical com-
partment. To blank out the retrace portion from the time-base unit in the vertical compartment, special
connections must be made from this time-base unit to the blanking network of the 7623A. If this mode of
operation is desirable, contact your local Tektronix Field Office or representative for specific information

on obtaining blanking with the specific time-base unit being used in the vertical compartment.

CALIBRATOR
GENERAL

The internal calibrator of the 7623A provides a convenient signal source for checking basic vertical
gain and for adjusting probe compensation as described in the probe instruction manual. In addition, the

calibrator can be used as a convenient signal source for application to external equipment.

VOLTAGE

The calibrator provides accurate output voltages of 40 millivolts, 0.4 volt, and 4 volts at the three

front-panel pin-jack connectors into high-impedance loads. Output resistance is approximately 50 ohms
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+ GATE

The + GATE connector provides a sweep gate signal that is generated by the time-base plug-in unit.
The gate selector switch provides one of three possible gates (MAIN, AUXILIARY, and DELAY). The
duration of the gate pulse is determined by the respective sweep. Auxiliary and Delay gates can only be
produced by dual sweep time-base plug-in units. The amplitude of the gate signal is about 50 millivolts

into 50 ohms or 10 volts into 1 megohm,

+ SAWTOOTH

The SAWTOOTH connector provides a positive going sample of the sawtooth from the time-base
unit in the horizontal compartment. The rate of rise of the sawtooth signal is about 50 millivolts/unit of
time into 50 ohms or 1 volt/unit of time into 1 megohm. Unit of time is determined by the time/division

switch of the horizontal plug-in unit.

APPLICATIONS

The 7623A Oscilloscope and its associated plug-in units provide a very flexible measurement system.
The capabilities of the overall system depend mainly upon the plug-in units that are chosen for use with
this instrument. Specific applications for the individual plug-in units are described in the plug-in manuals.
The overall system can also be used for many applications which are not described in detail either in this
manual or in the manuals for the individual plug-in units. Contact your local Tektronix Field Office or

representative for assistance in making specific measurements with this instrument.

The following books describe oscilloscope measurement techniques which can be adapted for use

with this instrument.

John D. Lenk, ‘Handbook of Oscilloscopes, Theory, and Application’, Prentice-Hall Inc., Englewood
Cliffs, New Jersey, 1968.

J. Czech, ‘Oscilloscope Measuring Techniques’, Springer-Verlag, New York, 1965.
J. F. Golding, ‘Measuring Oscilloscopes’, Transatlantic Arts, Inc., 1971.

Charles H. Roth Jr., ‘Use of the Oscilloscope’, A Programmed Text, Prentice-Hall Inc., Englewood
Cliffs, New Jersey, 1970.
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SPECIFICATIONS

INTRODUCTION

The Tektronix 7623A Storage Oscilloscope is a solid-state, high-performance instrument designed
for fast writing rate storage applications. This instrument accepts Tektronix 7-series plug-in units to
form a complete measurement system. The flexibility of this plug-in feature and the variety of plug-in

units available allow the system to be used for many measurement applications.

This instrument will meet the electrical characteristics listed in the Performance Requirement
column of Table 2-1 following complete calibration as given in the Service manual. The following
characteristics apply over an ambient temperature range of 0°C to +50°C, except as otherwise indi-

cated. Warmup time for given accuracy is 30 minutes.

NOTE

Many of the measurement capabilities of this instrument are deter-
mined by the choice of plug-in units. The following characteristics
apply to the 7623A Storage Oscilloscope only. See the System Specifi-

cations later in this section for characteristics of the complete system.

TABLE 2-1
ELECTRICAL

Characteristic Performance Requirement Supplemental Information

VERTICAL DEFLECTION SYSTEM

Deflection Factor Compatible with all 7000-series

plug-in units.

Between Compartments Within 1%.

Low Frequency Linearity 0.1 division or less compression
or expansion of a 2-division (at
center-screen) signal when posi-
tioned vertically within the gra-
ticule area.

Bandwidth See System Specifications for
7600-series instruments.

Step Response Risetime See System Specifications for
7600-series instruments.

Isolation Between Vertical At least 100:1 from DC to 100
Compartments MHz.
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TABLE 2-1 (cont.)
ELECTRICAL

Characteristic

Performance Requirement

Supplemental Information

Delay Line

Permits viewing leading edge of
trigger signal.

Chopped Mode

Repetition Rate

1 MHz within 20%.

Time Segment From
Each Compartment

0.4 to 0.6 us.

Difference in Delay Between
Vertical Compartments

0.5 ns or less.

Vertical Display Modes

LEFT: Leftvertical unit only.

ALT: Dual trace, alternate

between vertical units.

ADD: Added algebraically.

CHOP: Dual trace, chopped
between vertical units.

RIGHT: Right vertical unit
only.

Selected by VERT MODE switch.

TRIGGERING

Trigger Source

LEFT VERT: From left verti-
cal only.

VERT MODE: Determined by
vertical mode switch.

RIGHT VERT: From right
vertical only.

Selected by TRIGGER SOURCE
switch.

ORIZONTAL DEFLECTION SYSTEM

Fastest Calibrated Sweep Rate

5 ns/division.

Deflection Factor

Compatible with all 7000-series
plug-in units.
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TABLE 2-1 (cont.)
ELECTRICAL

Characteristic

Performance Requirement

Supplemental Information

Low Frequency Linearity

0.1 division or less compression
or expansion of a 2-division (at
center-screen) signal when posi-
tioned horizontally within the
graticule area.

Phase Shift Between The
Vertical and Horizontal
Amplifiers

Less than 2° from dc to 35 kHz.

Frequency Response Band-
width (8-Division Reference)

At least 2 MHz.

CALIBRATOR

Wave shape

Positive-going square wave or dc
(dc voltage selected by internal
jumper).

Voltage Outputs

40mV, 0.4V, and 4 V.

Into 1 MS2 load.

Voltage Output Accuracy

+15°C to +35°C Within 1%.
0°C to +50°C Within 2%.
Current Output 40 mA.
Current Qutput Accuracy
+15°C to +35°C Within 2%. Within optional current loop
accessory (012-0259-00) con-
0°C to +50°C Within 3%. nected between 4 V pin jack

and ground pin jack.

Repetition Rate

Approximately 1 kHz.

Output Resistance

50 mVand 0.4 V

Approximately 502,

4V

Approximately 45082:
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TABLE 2-1 (cont.)

ELECTRICAL
Characteristic Performance Requirement Supplemental Information
OUTPUTS
Camera Power (P1041 at crt
bezel)
Pin1—+15V
Pin 3 — single sweep reset
Pin 5 -- ground
EXTERNAL Z AXIS INPUT
Sensitivity {(Full Intensity 2 V peak to peak.
Range)
Useful Input Voltage Versus 2 V peak to peak, dc to 2 MHz;
Frequency reducing to 0.4 V peak to peak
at 10 MHz.
Polarity of Operation Positive-going signal decreases inten-
sity.
Maximum Input Voltage 10 V (dc + peak ac).
Input Resistance Approximately 500 2.
CHARACTER GENERATOR
Character Size Adjustable (Vertically Only).
Modes of Operation Free-run independent of sweep. Selected by internal Readout
mode switch.
Triggered after sweep.

POWER SOURCE

Line Voltage Ranges

110 V nominal 100 V = 10%.

110 V £ 10%.

120 V + 10%.
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TABLE 2-1 (cont.)
ELECTRICAL

Characteristic

Performance Requirement Supplemental Information

Line Voltage Ranges

220 V nominal

200 V £ 10%.

220 V £ 10%.

240 V £ 10%.

Line Frequency

50 to 60 Hz.

Maximum Power Consumption
{115 Vac ; 60 Hz)

7623A: 170 W, 1.9 A,
R7623A: 180W, 2 A,

Fuse Data

110 V line (F1000)

3.2 A slow blow.

220 V line (F1000)

1.6 A siow blow.

+130 V Supply (F855)

0.15 A fast blow.

+15 V unregulated

2.0 A fast blow.

DISPLAY (CRT)

Cathode-Ray Tube Type T7411.
Graticule
Type Internal and illuminated.
Area 8 x 10 divisions
Division 0.9 centimeter
Phosphor P31

Accelerating Potential

Approximately 8.5 kV

BEAMFINDER

Limits display to within graticule area
when BEAMFINDER switch is actuated.
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TABLE 2-1 (cont.)
ELECTRICAL

Characteristic

Performance Requirement

Supplemental Information

Stored Writing Speed

{center 6 x 8 divisions)

FAST VAR PERSIST 150 div/us
FAST BISTABLE 50 div/us
VAR PERSIST 0.5 div/us
BISTABLE 0.03 div/us
o ] SIGNALS OUT
VERT SIG OUT See Systems Specifications for

7600-series instruments.

Vertical Signals

LEFT, RIGHT, ALT and ADD

Selected by TRIG SOURCE
switch.

Gain

Into 50 2 25 mV/division
+20% system crt to VERT
SIG OUT.

Into 1 M£2 0.5 V/division

120% system crt to VERT
SIG OQUT.

Risetime (Into 50 §2)

5 ns or less.

Centering

*3 division system crt to
VERT SIG OUT. (1.5V
into 1 M or 75 mV into
50 Q2.)

Output Resistance

950 2 within 2%.

2-6



Specifications—7623A/R7623A Service

TABLE 2-1 (cont.)
ELECTRICAL

Characteristic

Performance Requirement

Supplemental Information

+GATE OUT
Gate Signals MAIN, AUXILIARY, and DELAY. Selected by Gate Selector
switch.
Output
Into 50 §2 0.5 V within 10%.
Into 1 MQ 10 V within 10%.

Risetime (Into 50 £2)

20 ns or less.

Output Resistance

950 {2 within 2%.

+SAWTOOTH OQUT

Output
Into 50 §2 50 mV/unit time! within
15%.
Into 1 MQ 1 V/unit time! within 10%.

Output Resistance

950 Q within 2%.

LECTRO-MAGNETIC INTERFERENCE

Electro-magnetic inter-
ference{emi) in accord-
ance with MIL-STD-461A
as tested in MIL-STD-462
{(when equipped with Op-
tion 3)

Any unused plug-in compartments
must be covered with a blank plug-in
panel {emi shielded) in order to meet
emi specifications. See Options sec-
tion for additional information.

Radiated interference

Interference radiated from the instru-
ment under test within the given limits
from 150 kilohertz to 1000 megahertz.

Conducted interference

Interference conducted out of the in-
strument under test through the power
cord within the given limits from 150
kilohertz to 26 megahertz.

Transportation (packaged
instrument, without plug-
ins)

Qualifies under National Safe Transit
Committee test procedure 1A, Category
.

! Referenced to Time/Div setting.
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TABLE 2-2
ENVIRONMENTAL

Characteristic

Information

NOTE

This instrument will meet the electrical characteristics given in the

Performance Requirement column of the Specifications over the follow-

ing environmental limits.

Temperature Range

Operating 0°C to +50°C.

Non-Operating —55°C to +75°C.
Altitude

Operating 15,000 ft.

Non-Operating

Test limit 50,000 ft.

Transportation (packaged instrument, without plug-in units) qualifies under National Safe Transit test pro-

cedure 1A, Category I1.

TABLE 2-3
PHYSICAL

Characteristic

tnformation

Ventilation

Safe operating temperature maintained by forced
cooling. Automatic resetting thermal cutout pro-
tects instrument from overheating.

Finish

Anodized aluminum front panel. Painted cabinet.

7623A Overall Dimensions (measured at maximum
point)

Height 12.0in (30.4 cm).
Width 8.7in (23.0 cm).
Length 23.7 in {(60.2 cm).

Net Weight (instrument only)

301b (13.6 kg).
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TABLE 2-3 (cont.)
PHYSICAL

Characteristic

Information

R7623A Overall Dimensions (measured at maximum
points)

Height 5.25in (13.4 cm).
Width 19in (48.3 cm).
Length 23 in (57.96 cm).

Net Weight (instrument only)

30 1b (13.6 kg).

STANDARD ACCESSORIES

Standard accessories supplied with the 7623A are given in the Mechanical Parts List. For optional

accessories available for use with this instrument, see the Tektronix, Inc., catalog.
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TABLE 24

7623A SYSTEM SPECIFICATIONS

Accuracy *
Amplifier o EXT CAL INT CAL SIG OUT
Plug-In Probe Bandwidth Risetime 0.25% | 15to | Oto
Unit (Calculated) | Aee | 35°C | 50°C BW Tr
7A11 Integral 100 MHz 3.5ns 2% 3% 4% 60 MHz 5.9 ns
7A12 None 80 MHz 4.4 ns 2% 3% 4% 55 MHz 6.4 ns
P6053B 80 MHz 4.4 ns 3% 4% 5% 55 MHz | 6.4 ns
7A13 ?gggﬁ 75 MHz 4.7 ns 1.5% 2.5% | 3.5% | 55MHz | 6.4ns
or P6O55 55 MHz 6.4 ns 1.5% 2.5% 3.5% 45 MHz 7.8ns
7A14 P6021 50 MHz 7.0 ns 2% 3% 4% 40 MHz 8.8 ns
P6022 80 MHz 4.7 ns 2% 3% 4% 50 MHz 7.0ns
7A15A None 65 MHz 5.4 ns 2% 4% 5% 50 MHz 7.0 ns
PGO6G5A 60 MHz 5.4 ns 3% 4% 5% 50 MHz | 7.0ns
7A16A None 100 MHz 3.5ns 2% 3% 4% 60 MHz 59ns
P6053B 100 MHz 3.5ns 3% 1% 5% 60 MHz 59ns
7A17 None 100 MHz 3.5ns 156 MHz 24 ns
7A18 None 75 MHz 4.7 ns 2% 3% 4% 50 MHz 7.0 ns
P6065A 70 MHz 4.7 ns 3% 4% 5% 50 MHz | 7.0ns
7A19 None 100 MHz 3.6ns 3% 4% 5% 65 MHz 5.4 ns
: P6056/ 100 MHz 3.5ns 4% 5% 6% 65 MHz 5.4 ns
P6057
None 0 0 0
7A22 P6OSS or 1.0 MHz, 350 ns, 2% 3% 4% 1.0 MHz, | 350 ns
P6060 +10% +9% +10% 9%
7A24 None 100 MHz 3.5ns 60 MHz 5.9 ns
P6056/ 100 MHz 3.6ns 60 MHz 5.9 ns
P6057
7A26 None 100 MHz 3.5ns 2% 3% 4% 60 MHz 5.9 ns
P6053B 100 MHz 3.5ns 3% 4% 5% 60 MHz 5.9 ns

*Deflection Factor Accuracy. Plug-in gain set at a temperature within 10°C of the operating temperature.

Bandwidth checked from 0°C to +50°C.

The bandwidth of a vertical plug-in used in the horizontal compartment is 2 MHz except for the 7A22
which has a bandwidth of 850 kHz. The X-Y phase shift between 2 similar units is 2° at 35 kHz.

2-10



Section 3--7623A/R7623A Service

THEORY OF OPERATION

This section begins with a brief discussion of {ogic fundamentals followed by a general, block diagram
description and a detailed description of the circuits that comprise the 7623A Oscilloscope. The circuit
description is keyed to the schematic diagrams located in the diagrams section of this manual. Circuits

commonly used in the electronics industry are not described in detail. |f more information on these circuits

is desired, refer to the following textbooks:

Robert C. Baron and Albert T. Piccirilli, ‘Digital Logic and Computer Operation’,
McGraw-Hill, New York, 1967.

Phillip Cutler, ‘Semiconductor Circuit Analysis’, McGraw-Hill, New York, 1964.

Lioyd P. Hunter (Ed.}, ‘Handbook of Semiconductor Electronics’, second edition,

McGraw-Hill, New York, 1962.

Jacob Millman and Herbert Taub, ‘Pulse, Digital, and Switching Waveforms’,
McGraw-Hill, New York, 1965.
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operation of the logic circuits are described using logic symbology and terminology. This portion of the

LOGIC FUNDAMENTALS

Digital logic techniques are used to perform many functions within this instrument. The function and

manual is provided to aid in the understanding of these symbols and terms. The following information is a

basic introduction to logic concepts.

SYMBOLS

The operation of circuits within the 7623A which use digital techniques is described using the graphic
symbols set forth in military standard MIL-STD-806B. Table 3-1 provides a basic logic reference for the
logic devices used within this instrument. Any deviations from the standard symbology, or devices not de-

fined by this standard will be described in the circuit description for the applicable device.

TABLE 3-1

Basic Logic Reference

Device Symbol Description Input/Output Table
AND gate A device with two or more inputs Input Output
and one output. The output of the A B X
S AND gate is HI if and only if all of
- X the inputs are at the HI state. LO LO LO
— : LO HI LO
Hi LO LO
HI HI H1
NAND gate A device with two or more inputs Input /0utput
and one output. The output of the A B X
NAND gate is LO if and only if all
m}» X of the inputs are at the HI state. LO LO HI
p— LO Hi Hi
Hi LO Hi
H1 HI LO
OR gate A device with two or more inputs Input /Output
and one output. The output of the A B X
- OR gate is HI if one or more of the
e X inputs are at the HI state. LO LO LO
—-—-j LO Hl HI
HI LO HI
HI HI HI
NOR gate A device with two or more inputs Input Output
and one output. The output of the A 8 X
N NOR gate is LO if one or more of
~>o—’ X the inputs are at the HI state. Lo Lo H!
_ LO HI LO
HI LO LO
HI HI LO
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TABLE 3-1 (cont)

Device Description Input/Output Table
Inverter A device with one input and one Input Output
output. The output state is always A X
Y- N—— X opposite to the input state.
LO Hi
HI LO
LO-state A small circle at the input or Input /Output
indicator output of a symbol indicates that
. L A B X
e the LO state is the significant state.
Absence of the circle indicates that LO LO LO
the HI state is the significant state. LO HI HI
Two examples follow: HI LO LO
AND gate with LO-state indicator HI HI LO
at the A input.
A el The output of this gate is HI if and
——— X only if the A input is LO and the B
8 | input is HI.
OR gate with LO-state indicator at Input /Output
the A i :
e A input A B X
A~ - The output of this gate is HI if LO LO Hi
X either the A input is LO or the B LO HI HI
B input is HI.
input1s HI Lo | Lo
HI HI Hi
Edge symbol Normally superimposed on an input
line to a logic symbol. Indicates
that this input (usually the trigger
. input of a flip-flop) responds to the
indicated transition of the applied
signal.,
Triggered A bistable device with one input Input Output
(t.oggle) and two outputs (either or bo.th Condition | Condition
Flip-Flop outputs may be used). When trig- before trigger|after trigger
gered, the outputs change from one
- pulse pulse
stable state to the other stable state
T with each trigger. The outputs are X X X X
~ complementary (i.e., when one out- LO Hi HI LO
% put is HI the other is LO). The edge Hl LO | LO | HI

symbol on the trigger (T) input
may be of either polarity depending
on the device.
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TABLE 3-1 (cont)

Device Symbol Description Input/Output Table
Set-Clear A bistable device with two inputs Input Output
(J-K) A ] ) 1 e X and two outputs (either or both A B X ] X
Flip-Flop outputs may be used). The outputs
EF change state in response to the LO | LO | No change
states at the inputs. The outputs are LO Hi LO Hi
complementary (i.e., when one out- Hi LO HI LO
B ] K 0 o X put is HI the other is LO). Changes
HI HI state
D (data) Type A bistable device with two inputs Input Output
Flip-Flop and two outputs (either or both A X X
A D e x outputs may be used). When trig-
gered the state of the “’1" output LO Lo H
changes to the state at the data (D) Hl HI LO
FF input prior to the trigger. The
outputs are complementary (i.e., | Output conditions shown after
R . trigger pulse
%” T 0 % when one output is HI the other is
LO)}. The edge symbol on the trig-
ger (T) input may be of either
polarity, depending on the device.
Triggered A bistable device with three or Input Output
Set-Clear more inputs and two outputs A B X ] X
(J-K) {either or both outputs may be
Flip-Flop A J L P used). When triggered, the outputs LO | LO |Nochange
FF change state in response to the || LO | HI | LO [ HI
m:%, T states at the inputs prior to the Hi LO Hi LO
" trigger. The outputs are comple- Changes
mentary (i.e., when one output is HI HI state
B e K 0 brm % HI the other is LO). The edge
symbol on the trigger (T} input | Qutput conditions shown after
may be of either polarity depending | trigger pulse
on the device.
Flip-Flop with € e For devices with direct-set (Sy) or Input Qutput
Direct Inputs w_“] direct-clear (Cg) inputs, the indi- Alslclol x| x
{may be applied s cated state at either of these inputs
to all triggered A =4 "D 1p—X over-rides all other inputs (in- 111 {LolLo No \
flip-flops) FF cluding trigger) to set the outputs change
T to the states shown in the input/| | ® | ® |[LO|HI[LOJHI
output table. $ | b HI|LOJHI|LO
< Unde-
B K Cy Op—X $ | HI | HI fined

® = Has no effect in this case

1Output state determined by
conditions at triggered inputs
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NOTE
Logic symbols used on the diagrams depict the logic function and may

differ from the manufacturer’s data.

LOGIC POLARITY

Ail logic functions are described using the positive logic. Pasitive logic is a system of notation where
the more positive of two levels (H1) is called the true or 1-state; the more negative level (LO} is called the
false or O-state. The HI-LO method of notation is used in this logic description. The specific voltages which

constitute a Hl or LO state vary between individual devices.

INPUT/OQUTPUT TABLES

Input/output (truth) tables are used in conjunction with the logic diagrams to show the input combi-
nations which are of importance to a particular function, along with the resultant output conditions. This
table may be given either for an individual device or for a complete logic stage. For examples of input/out-

put tables for individual devices, see Table 3-1.

NON-DIGITAL DEVICES
Not all of the integrated circuits in this instrument are digital logic devices. The function of non-

digital devices will be described individually.

BLOCK DIAGRAM

All major circuits and basic interconnections of the 7623A are represented in the block diagram, Figure
3-1. The numbered diamond in each block refers to the respective schematic diagram for that circuit, located

at the rear of this manual.

The Main Interface, block 1, provides the interconnections between the plug-in compartments and the

various circuits and functions of the instrument.

Signals from both vertical plug-in compartments are applied to the Vertical Interface circuit. This
circuit determines whether the signal from the left or right plug-in unit is displayed. The selected vertical
signal is then amplified by the Vertical Amplifier circuit to drive the vertical deflection plates of the crt.
The Vertical Amplifier also accepts the Y-Readout signal from the Readout System to produce the verti-

cal portion of the alpha-numeric readout display.

Signals from the horizontal plug-in compartment are applied to the Horizontal Amplifier circuit where
they are amplified to provide horizontal deflection of the crt electron beam. The Horizontal Amplifier

circuit also accepts the X-Readout signal from the Readout System to produce the horizontal portion of

the readout display.
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Figure 3-1. Block diagram 7623A.

The Logic Circuit develops control signals for use in other circuits within the instrument and the

associated plug-in units. These control signals determine the correct operation of the instrument in relation

to the plug-in installed or selected, the plug-in control settings, and the 7623A control settings

Trigger signals from the vertical plug-in units are connected to the Trigger Selector circuit to be used

for internal triggering. This circuit selects the trigger signals to be applied to the plug-in unit in the horizon-

tal compartment. This signal is also amplified by the Trigger Selector circuit and routed to the Output

Signals circuit to become the Vertical Signal Output.
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In addition to the Vertical Signal Output mentioned above, the Output Signals circuit also provides
a+ SAWTOOTH OUT signal and a + GATE QUT signal—both derived from the horizontal plug-in unit and

accessible through rear panel connectors.

The crt circuit produces the voltages and contains the controls necessary for operation of the cathode-

ray tube. This includes the Z-Axis Amplifier, which provides the drive signal to control the intensity of the

crt display.

The Low-Voltage Power Supply provides the power necessary for operation of the entire instrument

and associated plug-in units.

The Storage Circuit produces the timing signals and voltages required to operate the storage functions

of the crt.

The Readout System provides an alpha-numeric display for information encoded by the plug-in units.

This display is presented on the crt on a time-shared basis with the primary analog waveform display.
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Figure 3-2. Logic circuit block diagram.
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THEORY OF OPERATION

The following circuit descriptions are referenced to their respective diagrams by the

numbered diamonds accompanying each main heading.

MAIN INTER FACE@

Diagram 1 shows the plug-in interface and the interconnections between the plug-in compartments,
circuit boards, etc., of this instrument. This diagram also contains the TRIG SOURCE and VERT MODE

switching and the Camera Power Connector.

LOGIC cmcurr@

The Logic Circuit developes control signats for use in other circuits within this instrument and in
the associated plug-in units. These signals determine the correct instrument operation in relation to the

plug-in installed and selected, the plug-in control settings, and the 7623A control settings. Figure 3-2 is a
simplified block diagram of the Logic Circuit.

Z-AXIS LOGIC

The Z-Axis Logic stage produces an output current which sets the intensity of the display on the
crt. The Z-Axis output current is determined by the setting of the front-panel INTENSITY control, an
external signal from the rear panel EXT Z-AXIS input connector, or signals from the plug-in compart-
ments. The Vertical Chopped Blanking from U55 is applied to this stage to blank the crt display during
vertical trace switching. The Intensity Limit input from the horizontal plug-in compartment operates at

slow sweep rates to provide protection for the crt phosphor.

The Z-Axis Logic stage consists of transistor Q108, dual-transistor Q90 and integrated circuit U99,

which is a five-transistor array. A simplified schematic of the Z-Axis Logic stage is shown in Figure 3-3.

Transistor U99C is connected in the common-base configuration to provide the output for this
stage. The collector load for U98C is provided by the Z-Axis Amplifier in the CRT Circuit. Transistors
U99D and U99E provide a current-setting action for this stage. The collector current of U99D, repre-
sented by It, is the maximum amount of current that can flow in the circuit. The amount of this
current is determined by both the Intensity Limit and Vertical Chopped Blanking. When both of these
inputs are HI the collector current of U99D, It, is maximum. This maximum level of It is determined
by current I1 in the base circuit of U99D established by networks R76-R77 and R62-R63 into R110
and the collector of U99E. During Vertical Chopped Blanking, the respective input level goes LO. This

reduces so the collector current of U99D, lt, drops to blank the crt display during vertical trace switch-

ing.

The collector current of U99C, lS is the difference between |, and I2. When the Sweep Gate
level at the base of U99A is LO (no sweep in progress) U99A is off. l2 is at its maximum level so that lS is
minimum to provide minimum intensity of the display “s is always = It I2). During sweep time, the
Sweep Gate level is Hl and turns U99A on by the current established by INTENSITY control R102. As the
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+15V
R62
VERTICAL CHOPPED +15V
+15V  BLANKING FROM
PIN 4 OF U55
R76 R63 R109
INTENSITY LIMIT R77
FROM $
HORIZONTAL
PLUG-IN UNIT
+5 'V
R8O +15 V
+0.6 V R92 u9aC
AUXILIARY Z AXIS &i% ci?s
INPUTS FROM > & N ~ e
PLUG-IN UNITS g “ : z AXIS
AND Z AXIS INPUT Q908 2 s ouTt
R93
+5V
+5V
It
uU99B U99A
SWEEP GATE /?\
FROM P, +0.6 V
HORIZONTAL \]\__>LM.{
PLUG-IN UNIT
LUG U99D
\r/ R101 ) \
R102A ANA I
S | '
[INTENSITY ﬁ 1
~15 V +15 V R112
R104 Q108 o
R105 ﬁ? U9SE
Z AXIS > B AAN
SHUTDOWN
(FROM READOUT) R106

Figure 3-3. Z-Axis Logic block diagram.

INTENSITY control is turned toward maximum, the level of I2 decreases. This allows IS to increase to
produce a brighter display. The Auxiliary Z-Axis Inputs from the plug-in compartments and the intensity
modulating signal from the EXT Z-AXIS input connector are connected to the emitter of Q90B. These

signals modulate the level of I2 to, in turn, modulate the intensity of the display.

Through R77 and R78, this causes equal reductions in currents I1 and I2 except, because of diode
CR93, I2 cannot be less than zero. This limiting action does not change Is except to limit its maximum

value to this lower It value.
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When the time-base unit is set to a sweep rate which requires intensity limiting, the Intensity Limit

input goes to ground level in the plug-in unit. Through R77 and R78, this causes equal reductions in cur-

rents I1 and I2 except, because of diode CR93, I2 cannot be less than zero. This limiting actions does not

change IS except to limit its maximum value to this lower It value.

When readout information is to be displayed on the CRT, the Z-Axis shutdown goes LO. This forward

biases 01108, and it saturates, shunting |1 to ground. This reduces the output current to zero during the

readout time.

CLOCK GENERATOR

One half of integrated circuit U55 along with the external components shown in Figure 3-4A make up

the Clock Generator stage. R1, Q1, Q2, and Q3 represent an equivalent circuit contained within UB5A.

This circuit, along with discrete components C59, R56, R57, and R59 comprise a two-megahertz, free-run-

ning oscillator to provide a timing signal {clock) for mainframe vertical and plug-in chopping.

The stage operates as follows: Assume that Q2 is conducting and Q1 is off. The collector current of

Q2 produces a voltage drop across R1 which holds Q1 off. This negative level at the collector of Q2 is also

connected to pin 14 through Q3 (see waveforms in Fig. 3-48 at time TO). Since there is no current through
Q1, C59 begins to charge towards ~15 volts through R56-R57. The emitter of Q1 goes negative as C59

OO TN e e necan wemr s mmeme o awems e "‘l
f 2 MHz FREE-RUNNING |
I OSCILLATOR !
: + + + |
! '|
R1 |
|
01}“. |
|
[
02 |
|
12 d
r\/ 15
: 14 16
C59 |
I
| c60
DELAY R59 | < R60
RAMP |
TO
VERTICAL™ |
CHOPPED |
BLANKING |
—15V
{A) PARTIAL US5

CLOCK

NN D
:t:‘“| ] —
VT
rs N '\ \

(B)

Figure 3-4. (A) Clock Generator stage of U55A. (B} ldealized waveforms from Clock Generator stage.
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charges until it reaches a level about 0.6 volt more negative than the levet at its base. Then, Q1 is forward
biased and its emitter rapidly rises positive. Since C59 cannot change its charge instantaneously, the sudden
change in voltage at the emitter of Q1 pulls the emitter of Q2 positive also, to reverse-bias it. With Q2
reverse biased, its collector rises positive to produce a positive output level at pin 14 (see time 'T1 on the

waveforms).

Now, conditions are reversed. Since Q2 is reverse biased, there is no current through it. Therefore,
C59 can begin to discharge through R59. The emitter level of Q2 follows the discharge of C59 until it
reaches a level about 0.6 volt more negative than its base. Then Q2 is forward biased and its collector drops

negative to reverse-bias Q1. The level at pin 14 drops negative also, to complete the cycle.

Two outputs are provided from this oscillator. The Delay Ramp signal from the junction of R56-R57
is connected to the Vertical Chopped Blanking stage. This signal has the same waveshape as shown by the
waveform at pin 13, with its slope determined by the divider ratio between R56-R57. A square-wave out-
put is provided at pin 14. The frequency of this square wave is determined by the RC relationship between
C59 and R56, R57, and R59. The duty cycle is determined by the ratio of R56-R57 to R59.

The square wave at pin 14 is connected to pin 16 through C60. C60, along with the internal resistance
of UBBA, differentiates the square wave from pin 14, to produce a negative-going pulse coincident with the
falling edge of the square wave (positive-going pulse coincident with rising edge has no effect on circuit
operation). This negative-going pulse is connected to pin 15 through an inverter-shaper which is also part

of USBA. The output at pin 15 is a positive-going Clock pulse at a repetition rate of about two megahertz.

VERTICAL CHOPPED BLANKING

The Vertical Chopped Blanking stage is made up of the remaining half of integrated circuit U55B,
Fig. 3-5A. This stage determines if Vertical Chopped Blanking pulses are required, based upon the operat-
ing mode of the vertical system or the plug-in units {dual trace units only}. Vertical Chopped Blanking
pulses are produced if: {1) VERT MODE switch is set to CHOP; (2) dual-trace vertical unit is operating in
the chopped mode and that unit is being displayed; (3) dual-trace vertical unit is operating in the chopped
mode with the VERT MODE switch set to ADD. The repetition rate of the negative-going Vertical
Chopped Blanking pulse output at pin 4 is always two megahertz as determined by the Clock Generator

stage.

The Delay Ramp signal from the Clock Generator stage determines the repetition rate and pulse
width of the Vertical Chopped Blanking pulses. The Delay Ramp applied to pin 10 starts to go negative
from a level of about +1.1 volts coincident with the leading edge of the Clock pulse (see waveforms in
Fig. 3-6B). This results in a H! quiescent condition for the Vertical Chopped Blanking pulse. The slope
of the negative-going Delay Ramp is determined by the Clock Generator stage. As it reaches a level slightly
negative from ground, the Vertical Chopped Blanking pulse output leve!l changes to the LO state. This
signal remains LO until the Delay Ramp goes H! again. Notice the delay between the leading edge of the
Clock pulse generated by U55A and the leading edge of the Vertical Chopped Blanking pulse would not
coincide with the switching between the displayed traces. The duty cycle of the square wave produced in
the Clock Generator stage determines the pulse width of the Vertical Chopped Blanking pulses {see Clock

Generator discussion for more information).
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Whenever this instrument is turned on, the Vertical Chopped Blanking pulses are being produced at
a two-megahertz rate. However, these pulses are available as an output at pin 4 only when the remaining
inputs to UB5B are at the correct levels. The following discussions give the operating conditions which
produce Vertical Chopped Blanking pulses to blank the crt during vertical trace switching. Figure 3-5A
identifies the functions of the pins of U55B.

To
CLOCK, PIN
CHOP MODE (VERT) sl 3 15 UG5 [\ [\
PARTIAL
Us5 'I I
LEFT PLUG-IN MODE ~—==15 Lo
(CHOP INHIBIT) DELAY . b
RAMP |
1
VE?:E&Q‘A&%)DE — G VERTICAL PIN 10 \‘\ \
4 }—= CHOPPED uss o
BLANKING
ADD MODE (VERT) ~——]7 |
VERTICAL —— ’ ‘
RIGHT PLUG-IN MODE —={8 :ﬂ?ﬁ;ﬁ& I
{CHOP INHIBIT) PIN 4 |
DELAY RAMP —-a~10 uss '\
DELAY
(A) (8)

Figure 3-6. (A) Input and output pins for Vertical Chopped Blanking stage. (B) Idealized waveforms for Vertical Chapped
Blanking stage.
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CHOP VERTICAL MODE
When the VERT MODE switch is set to CHOP, Vertical Chopped Blanking pulses are available at

pin 4 at all times. The input conditions necessary are:
PIN 3 HI — VERT MODE switch set to CHOP.
Pin 7 LO — VERT MODE switch set to any position except ADD.

Pin 10 LO — Delay Ramp more negative than about 0 volts.

LEFT VERTICAL UNIT SET FOR CHOPPED OPERATION

If the Left Vertical unit is set for chopped operation, the setting of the VERT MODE switch deter-
mines whether the Vertical Chopped Blanking pulses are available. If the VERT MODE switch is set to the
CHOP position, conditions are described above. Operation in the ADD position of the VERT MODE switch
is given later. For the LEFT position of the VERT MODE switch, or when the left vertical unit is to be
displayed in the ALT mode, Vertical Chopped Blanking pulses are available at all times (two-megahertz rate}.

The input conditions are:

Pin 3 LO — VERT MODE switch set to any position except CHOP.

Pin 6 LO — Left vertical unit set to chopped mode.

Pin 6 LO — Left vertical unit to be displayed {Vertical Mode Command LO).

Pin 7 LO — VERT MODE switch set to any position except ADD.

Pin 10 LO — Delay Ramp more negative than about 0 volts.

Notice that the Vertical Mode Command at pin 6 must be LO for output pulses to be available at
pin 4. This means that when the VERT MODE switch is set to ALT, Vertical Chopped Blanking pulses

are produced only during the time that the left vertical unit is to be displayed (unless right vertical unit

is also set for chopped operation).

RIGHT VERTICAL UNIT SET FOR CHOPPED OPERATION

If the right vertical unit is set for chopped mode, operation is the same as described previously for
the left vertical unit except that Vertical Chopped Blanking puises are produced when the VERT MODE
switch is set to RIGHT or when the Vertical Mode Command is HI in the ALT mode. The input condi-

tions are:

Pin 3 LO — VERT MODE switch set to any position except CHOP.
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Pin 6 Hl — Right vertical unit to be displayed {Vertical Mode Command HI).

Pin 7 LO — VERT MODE switch set to any position except ADD.

Pin 8 LO — Right vertical unit set to chopped mode.

Pin 10 LO — Delay Ramp more negative than about O volts.

ADD VERTICAL MODE

When the VERT MODE switch is in the ADD position and either or both of the vertical units are
operating in the chopped mode, Vertical Chopped Blanking pulses must be available to block out the

transition between traces of the vertical units. The input conditions are:

Pin 3 LO -- VERT MODE switch set to any position except CHOP.

Pin 5 LO — Left vertical unit set to chopped mode (can be HI if pin 8 is LO).

Pin 7 HI — VERT MODE switch set to ADD.

Pin 8 LO — Right vertical unit set to chopped mode (can be HI if pin 5 is LO).

Pin 10 LO — Delay Ramp more negative than about 0 volt.

Fig. 3-6A shows a logic diagram of the Vertical Chopped Blanking stage. Notice the comparator
block on this diagram (one input connected to pin 10). The output of this comparator is determined by
the relationship between the levels at its inputs. If pin 10 is more positive (HI) than the grounded input,
the output is HI also; if it is more negative (LO), the output is LO. An input/output table for this stage

is given in Fig. 3-6B.

CHOP COUNTER

The Chop Counter stage produces the Mainframe Chop Signal and the Vertical Plug-In Chop Signal.
The Clock pulse produced by the Clock Generator stage provides the timing signal for this stage. A logic
diagram of the Chop Counter, identifying the inputs and outputs, is shown in Fig. 3-7.

The Chop Counter stage consists of integrated circuit U123, a dual D-type flip-flop with direct-set,
direct-clear inputs (see Table 3-1 for operation of D-type flip-flop). As connected in this circuit, these

D-type flip-flops operate as triggered (toggle) flip-flops.
The two-megahertz clock pulses from the Clock Generator stage are connected to the trigger (T)

input of U123B. As connected, U123B changes output states with each positive-going Clock pulse, and

the signal as its ‘1’ output is a square wave which switches between the HI and LO levels at a one-megahertz
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]
3
CHOP MODE (VERT) l/
N
[
5
LEFT PLUG-IN MODE |< (&

(CHOP INHIBIT) |
6
VERTICAL MODE <———4;
COMMAND |
| 27
ADD MODE (VERT) <‘.___,..._, =

RIGHT PLUG-IN MODE lgs l

(CHOP INHIBIT) |
| 10 4 \_| VERTICAL
CHOPPED
|
(A) | COMPARATOR |
| PARTIAL US5 N
/ OUTPUT
CONDITIONS
HI @ @ LO @ Lo Lo | cHOP MODE (VERTICAL)
LO Lo Lo Lo ® LO LO LEFT PLUG-IN CHOPPED
LO @ HI LO Lo Lo LO RIGHT PLUG-IN CHOPPED
3 ADD MODE, LEFT OR RIGHT
Lo Lo3 ® Hi LO LO Lo PLUG-IN CHOPPED
NO VERTICAL CHOPPED BLANKING
ALL OTHER COMBINATIONS HI PULSES AT OUTPUT

@& = HAS NO EFFECT IN THIS CASE.
1 RAMP SIGNAL; CONSIDERED LO WHEN MORE NEGATIVE THAN ABOUT ZERO VOLTS.
2 NEGATIVE-GOING PULSE AT TWO MEGAHERTZ RATE.

(B) 3 PIN 5 CAN BE HI AND NOT AFFECT OPERATION IF PIN 8 1S LO, AND VICE VERSA.

Figure 3-6. (A} Logic diagram for Vertical Chopped Blanking stage. (B) Table of input/output combinations for Vertical
Chopped Blanking stage.

rate. This signal is connected to the Vertical Mode Controt stage to provide the Vertical Mainframe Chop
Signal. It is also connected to the trigger input of UT23A. U123A also changes output states with each

positive-going pulse at its trigger input to produce a 500 kilohertz square wave at its ‘1" output. The output

from U123A provides the Vertical Plug-In Chop Signal to the Plug-In Chop Buffer stage. Idealized waveforms

showing the timing relationship between the input and output signals for this stage are shown in Fig. 3-8.
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MAINFRAME

CHOP SIGNAL TO
VERTICAL MODE
CONTROL STAGE

S 9 ) 5 PLUG-IN
D 1} D 1p— CHOP DRIVE

FF FF
2 MHz 11 [ 3
CLOCK PULSES T T PLUG-IN
FROM CLOCK _J CHOP
GENERATOR STAGE BUFFER

U123B U123A Q142, Q147

Figure 3-7. Detailed logic diagram of Chop Counter stage.

VERTICAL MODE CONTROL

The Vertical Mode Control stage is made up of discrete components CR124-CR125, CR126, CR130-
CR155, CR172, and buffer amplifier Q132-Q137. These components develop the Mainframe Vertical Mode
Command which is connected to the Main Interface circuit (vertical plug-in compartments and trigger selec-
tion circuitry) and the Vertical Interface circuit to indicate which vertical unit is to be displayed. When this

output level is HI, the right vertical unit is displayed and when it is LO, the {eft vertical unit is displayed.

The VERT MODE switch located on diagram 1 provides control levels for this stage. This switch
provides a HI level on only one of four output lines to indicate the selected vertical mode; the remaining lines
are LO. The fifth mode, LEFT, is indicated when all four output lines are LO. Operation of this stage in all
positions of the VERT MODE switch is as follows:

CLOCK PULSES FROM [ i ™
CLOCK GENERATOR STAGE

(2 MHz)
MAINFRAME
- CHOP SIGNAL
1(’1”\'1\/'?_':))1233 —l J—— TO VERTICAL MODE
CONTROL STAGE

e : e VERTICAL PLUG-IN
PIN 5 U123A CHOP SIGNAL

{500 kHz) TO PLUG-IN

CHOP BUFFER STAGE

7633~-9

Figure 3-8. ldealized input and output waveforms for Chop Counter stage.
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RIGHT

When the VERT MODE switch is set to RIGHT, a Hi level is connected to the Buffer Amplifier
through R126 and CR126. The LO level at the anodes of diodes CR125 and CR130 holds them reverse
biased. The resultant Vertical Mode Command output from the Vertical Mode Buffer Amplifier is a Hl
level to indicate that the right vertical unit is to be displayed.

CHOP

In the CHOP position of the VERT MODE switch, a HI level is applied to the anodes of diodes
CR124-CR125 through R125. Both diodes are forward biased so the Vertical Chop Signal from pin 9
of U123B can pass to the emitter of Q132. This signal switches between the Hl and LO levels at a
one-megahertz rate and it produces a corresponding Mainframe Vertical Mode Command output at the
emitter of Q137. When this output is HI, the right vertical unit is displayed and when it switches to L.O,
the left vertical unit is displayed.

ALT

in the ALT mode, the VERT MODE switch applies a Hl level to the anodes of diodes CR130-CR155
through R130. These diodes are forward biased so the Display Right Command from pin 5 of U156A can
pass to the emitter of Q132 to determine the Mainframe Vertical Mode Command level. The Display Right

Command switches between its Hl and LO levels at a rate determined by the Vertical Binary stage.

ADD AND LEFT

The control levels in the ADD and LEFT positions of the VERT MODE switch are not connected to
this stage. However, since only the line corresponding to the selected vertical mode can be HI, the RIGHT,
CHOP, and ALT lines must remain at their LO level when either LEFT or ADD are selected. Therefore,
the emitter of Q132 remains LO to produce a LO Mainframe Vertical Mode Control output level. Final

control of LEFT or ADD mode is made by the Vertical Interface circuit.

A logic diagram of the Vertical Mode Contro! stage is shown in Fig. 3-9. The discrete components
which make up each logic function are identified. The gate connected to the input of the Vertical Mode
Buffer Amplifier is a phantom-OR gate. A phantom-OR gate performs the OR logic function merely by

interconnection of the three inputs,

VERTICAL BINARY

The Vertical Binary stage consists of integrated circuit U156A and transistor Q150. U156A is a
D-type flip-flop with direct-set and direct-clear inputs {see Table 3-1 for operating details). The connec-
tion between the ‘O’ output and the data (D) input enables this flip-flop to operate in the triggered

mode. A logic diagram of the Vertical Binary stage is shown in Fig. 3-10.
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RIGHT MODE =
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VERT
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VERTICAL MAINFRAME
CR124 CHANNEL
MODE BUFFER o
CR125 / AMPLIFIER SWITCH
VERTICAL CHOP - SIGNAL

SIGNAL FROM

PIN 9, U123B
DISPLAY RIGHT gg}gg N
COMMAND FROM >

PIN 5, UTS6A

Figure 3-9. Logic diagram of Vertical Mode Control and Vertical Mode Buffer Amplifier stages.

The operation of the Vertical Binary stage is controlled by the level of the ALT Mode line from the
VERT MODE switch. When this switch is set to ALT, a Hi level is connected to the emitter of Q150
through R152. This HI level disables Q150 so its collector remains HI. As a result, Q150 has no effect upon
operation of the Vertical Binary stage and the direct-clear input of U156A remains HI so it does not affect
the operation of U166A. Therefore, UT56A operates as a basic triggered flip-flop which changes output
states with each positive-going Sweep Holdoff pulse at the trigger (T) input. The Sweep Holdoff pulse goes
positive at the end of each sweep. The signal at the ‘1’ output of UT56A switches between the Hl and LO
level at one-half the rate of the Sweep Holdoff signal from the horizontal plug-in unit. Fig. 3-11 shows the
time relationship between the input and output signals for this stage, and gives the resultant display with

each signal combination.

ALT
MODE ~
(0
Q150
DISPLAY RIGHT
so 4 COMMAND TO
PLUG-IN BINARY
U156A STAGE
SWEEP = [ T
HOLDOFF J
FF
Cp

Figure 3-10. Logic diagram of Vertical Binary stage.
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Figure 3-11. ldealized waveforms showing relationship between input and output waveforms for Vertical Binary and Plug-In
Binary stages when operating in ALT mode.

For any other position, the emitter of Q150 is pulled LO by the ALT Mode command from the VERT
MODE switch. This enables Q150, but it does not change output state unless the level at the ‘1’ output of
U156A is HI.
pulse is received at the end of the sweep, the ‘1’ output of U156A goes HI.

Quiescently, the output of Q150 is Hi. Therefore, when the positive-going Sweep Hold-off
This activates Q150 and its out-
put goes LO to provide a direct-clear reset to U156A. The ‘1’ output of U166A is reset to its LO level, and
Q150 is again disabled so its output returns to the HI level. The stage is now ready for the next positive-
going Sweep Hold-off pulse. The action is the same with each pulse, so the signal at the output of this stage
is at the same repetition rate as the Sweep Holdoff input. Therefore, this stage is now operating as a divide-
by-one counter rather than a divide-by-two counter as described previously. The output under this condition

is used only by the Plug-In Binary stage.

Since the Vertical Binary stage can change output states only at the end of each sweep, there will be
no Alternate Drive signal for either the mainframe or vertical plug-in units if a sweep is not being produced

by the horizontal plug-in unit.

PLUG-IN BINARY

The Plug-In Binary stage consists of U156B, which is connected as a triggered flip-flop with direct-set
input. The trigger input for this stage is the Display Right Command from the Vertical Binary stage. When
the VERT MODE switch is set to ALT, the repetition rate of the Display Channel 2 Command output of
this stage is one-fourth of the Sweep Haldoff input (see waveforms in Fig. 3-11). For any position of the
VERT MODE switch except ALT, the repetition rate of the output signal from this stage is one-half of the

Sweep Holdoff input. A logic diagram of the Plug-In Binary stage is shown in Fig. 3-12.
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Figure 3-12. Logic diagram of Plug-In Binary and Plug-In Alternate Buffer stage.

OUTPUT BUFFERS

The output switching commands from the Logic circuit are provided through buffer stages Q142,Q137,
Q142-Q147, Q162-Q167, and Q182-Q187. Each of these stages includes a common-base input transistor

to provide a low-impedance load for the associated driving stages. The output transistor is connected as an

emitter-follower to provide isolation between the Logic circuit and other circuits within this instrument or

the plug-in units.

TRIGGER SELECTOR @

The Trigger source switch determines which vertical signal is connected to the time-base unit, and

which vertical signal, that is provided at VERT SIG/OUT connector on the rear panel. Fig. 3-13 shows a

detailed btock diagram of the Trigger Selector circuit, along with a simplified diagram of all the circuitry

involved in selection of the trigger source. A schematic of the Trigger Selector circuit is shown on diagram

3 at the rear of this manual.

TRIGGER MODE AND ADD SIGNALS

GENERAL

The circuitry shown on the left side of the simplified diagram in Fig. 3-13 determines the operation
of the Trigger Channel Switch stage. TRIG SOURCE switch S1011 controls Trigger Channel Switch U324,
When the TRIG SOURCE switch is set to the VERT MODE position, the setting of the VERT MODE
switch determines the trigger selection. In the LEFT or RIGHT positions, the trigger signal is obtained

from the indicated vertical unit. The following discussions give detailed operation in each position of the

TRIG SOURCE switch.

VERT MODE

In the VERT MODE position of the TRIG SOURCE switch, the setting of the VERT MODE switch
determines the operation of the Trigger Channel Switch stage. In the LEFT position of the VERT MODE
switch, the base of Q314 is connected to ground through the ALT and RIGHT sections of $1021, CR1021
and CR1026, and S1011. This hotds Q314 reverse biased to provide a LO level to pin 4 of U324 (see Fig. 3-14).
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Figure 3-13. Detailed block diagram of Trigger Selector circuit along with simplified diagram of trigger source selection

circuitry.
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When the VERT MODE switch is set to ALT,
+5 volts is applied to the base of Q314 through
CR1021 and S1011. Q314 is forward biased and
its emitter level is determined by the Mainframe
Vertical Mode Command signal from the Logic cir-
cuit applied to its collector. This signal switches
between the HI level (Right Vertical unit to be dis-
played) and the LO level (Left Vertical unit to be
displayed) at the end of each sweep. When the
Mainframe Vertical Mode Command is HI, it pro-
vides a positive collector voltage to Q314. Q314 is
saturated due to CR1021, and its emitter level is
very near the collector level. This provides a HI
output level to the Trigger Channel Switch stage.
As the Mainframe Vertical Mode Command goes
LO, the collector supply for Q314 also goes nega-
tive. Q314 remains saturated and the output again
follows the collector level to supply a LO output
level to U324.

For ADD and CHOP vertical mode operation,
+b volts is connected to pin 14 of U324 through

Theory of Operation—7623A/R7623A Service

TRIG SOURCE -

SWITCH POSITIONS

VERT LEFT RIGHT

MODE
SWITCH VERT MODE

POSITIONS

LO (LEFT VERTI-

LEFT CAL

ALT SWITCHES FROM
LO TO HI, AND
VICE VERSA, AT
END OF EACH
SWEEP (BOTH;
FOLLOWS DIS-
PLAY)

ADD LO AT PIN 4 OF
U324. HI AT PIN
141, (BOTH ADD-
CHOP ED ALGEBRAI-
CALLY)

RIGHT HI (RIGHT VERTI-
{ CAL}

b Y

1PIN 14 LO FOR ALL OTHER CONDITIONS.

Figure 3-14. Input levels at pin 4 of U324.

CR1023 or CR1024 and S1011. At the same time, the base of Q314 is held LO by the ground connection
through the ALT and RIGHT section of S1021 so the level at pin 4 of U324 is LO also (produces an ADD
mode in Trigger Channel Switch; see description of this circuit which follows). In the RIGHT position of
the VERT MODE switch, +5 volts is connected to the base of Q314 through CR1026 and S1011 to forward-

bias the transistor. The Mainframe Vertical Mode Command signal connected to the collector of Q314 is

also HIl in this mode, and a HI output level is produced at the emitter of Q314.

LEFT

When the LEFT trigger source is selected, the VERT MODE switch is disconnected from the trigger

selector circuitry. Now the ground connection through the RIGHT section of S1011 establishes a LO out-

put level at the emitter of Q314.

RIGHT

In the RIGHT position of the TRIG SOURCE switch, +5 volts is connected to the emitter of Q314
through S1011 and R312. This produces a H) output level to the Trigger Channel Switch stage.

TRIGGER CHANNEL SWITCH

The Trigger Channel Switch stage determines which input signal provides the trigger signal to the

horizontal compartment as controlled by the Trigger Mode and ADD signals from the trigger selection

circuitry. Refer to diagram 3 during the following discussion.
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Resistors R317-R319 establish the input resistance and provide a load for the trigger signal from the
right vertical plug-in unit. Resistors R307 and R308 provide the input resistance and load for the left verti-
cal plug-in unit. R321-R323-R324 and R326-R327-R328 establish the operating level of the Trigger Channel
Switch; R321-R323 and R326-R328 set the current gain for each channel. This stage is made up primarily
of integrated circuit U324. An input/output table for U324 is shown in Fig. 3-15. U324 provides a high
impedance differential input for the trigger signal from the left vertical unit at pins 2 and 15, and for the
trigger signal from the right vertical unit at pins 7 and 10. The output signal at pins 12 and 13 is a differen-
tial signal. The sum of the dc current at pins 12 and 13 is always equal to the sum of the dc currents at
pins 1, 8, 9, and 16 in all modes. This provides a constant dc bias to the stages which follow as the TRIG
SOURCE or the VERT MODE switches are changed.

When the level at pin 4 is LO {see Trigger Mode and ADD Signals discussion and Fig. 3-15), the trigger
signal from the left vertical unit passes to the output, while the trigger signal from the right vertical unit is
blocked. A HI leve!l at pin 4 connects the trigger
signal from the right vertical unit to the output and

the trigger signal from the left vertical unit is block-
INPUT OUTPUT

ed. For VERT MODE operation in the ALT
position of the VERT MODE switch, the level at
pin 4 switches between the LO and HI level at a

Logic circuit description). This action obtains the

trigger signal from the left vertical unit when the

v."
S
2
) ) ) &
rate determined by the Vertical Binary stage (see °°
<
&
\(7 TRIGGER OUTPUT SIGNAL
&

left vertical unit is being displayed and from the

right vertical unit when it is being displayed. 4 14 12,13

. . LO LO LEFT TRIGGER SIGNAL
When the level at pin 4 is LO and the level at

pin 14 is HI, the trigger signal from both the feft HI Lo RIGHT TRIGGER SIGNAL

and right vertical units passes to the output pins.
This condition occurs only when the TRIG SOURCE LO HI BOTH (ADDED ALGEBRAICALLY)

switch is set to VERT MODE and the VERT MODE
switch is set to either ADD or CHOP. Under this
operating mode, the trigger output signal is the Fig}:re 3-15. Input/output table for Trigger Channel
algebraic sum of the trigger input signals from the Switch stage.

left and right vertical units to prevent triggering on the vertical chopping transition, or only on one signal of

an added display.

TRIGGER QUTPUT AMPLIFIER

The trigger output at pins 12 and 13 of U324 is connected to the bases of Q344-Q346 to provide the
internal trigger signal for the horizontal unit {via the Main Interface circuit). The horizontal unit provides
a 50-ohm differential load for this stage. If it is removed from its compartment, the collector load for Q344-
Q346 changes and the voltage at their collectors increases. This stage prevents this change from affecting the
Vertical Signal to the Output Signal board. CR341 and CR349 clamp the collectors of Q344 and Q346 at

about +0.6 volt to prevent these transistors from saturating under this no-load condition.
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Figure 3-16. Vertical Interface detailed block diagram.

VERTICAL SIGNAL BUFFER

The trigger output signal at pin 12 and 13 of U324 is also connected to the emitter of a common-base

amplifier Q336 and Q334. The output signal at the collector of Q336 and Q334 is connected to the signals

out board.

VERTICAL INTERFACE

The Vertical Interface circuit selects the

vertical deflection signal from the output of the left or right

vertical plug-in unit. Figure 3-16 is a detailed block diagram of the Vertical Interface circuit. A schematic

of this circuit is shown on diagram 4.

VERTICAL CHANNEL SWITCH
The Vertical Channel Switch stage {(cont

from the Logic circuit) determines which verti

rolled primarily by the Mainframe Vertical Mode Command

cal signal is to be sent to the Delay-Line Driver stage. Resis-

tors R2333-R2335 and R2337-R2339 establish the input resistance of this stage and provide a load for the
left and right vertica! units. Resistors R2347-R2349 and R2357-R2353-R2329 establish the operating
levels for this stage. R2343 and R23563 set the current gain for each channel. C2345-R2345 and C2355-

R2355 provide frequency compensation.

The Vertical Channel Switch stage is made up primarily of integrated circuit U2340, which is the same

type as used for the Trigger Channe!l Switch. An input/output table for U2340 is shown in Figure 3-17.

U2340 provides a high impedance differential

input for the signal from the left vertical unit at pins 2 and

15, and the signal from the right vertical unit at pins 7 and 10. The output signal at pins 12 and 13 is a

differential signal that is connected to the Delay-Line Driver stage through R2366-R2376. The sum of the

dc output currents at pins 12 and 13 is always

equal to the sum of the dc input currents at pins 1, 8, 9, and
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16 in all modes. This provides a constant dc bias to

the following stage as the VERT MODE switch is / ouTPUT

changed.

When the VERT MODE switch is set to LEFT,

the level at pin 4 is LO. This level allows the sig-
OUTPUT SIGNAL

nal from the left vertical unit to pass to the output

while the signal from the right vertical unit is 4 14 6 12,13

. iti E
blocked. In the RIGHT position of the VERT o Lo Lo LEFT VERTICAL SIGNAL

MODE switch, the level at pin 4 is HI. Now, the

signal from the right vertical unit is connected to HI LO | LO | RIGHT VERTICAL SIGNAL
the output while the signal from the left vertical LO HI LO | BOTH (ADDED ALGEBRAICALLY)
unit is blocked. LO LO Hi | NEITHER {OFF)

When the VERT MODE switch is set to either LO~-06V HI~+1.1V

ALT or CHOP, the Mainframe Vertical Mode Com-
mand at pin 4 switches between the LO and HI
levels at a rate determined by either the Chop Coun- Figure 3-17. Input/output table for Vertical Channel Switch.
ter or the Vertical Binary stages (see Logic circuit

description). This action allows the signal from the left vertical unit to be displayed when the Mainframe
Vertical Mode Command is LO and the signal from the right vertical unit is displayed when the Mainframe
Vertical Mode Command is HI. When ADD vertical mode operation is selected, a Hl level is applied to pin

14 and the leve! at pin 4 is LO as determined by the Vertical Mode Control stage in the Logic Circuit. This
allows both the right and left vertical signals to pass to the output pins. Now, the signal from both vertical

units is algebraically added and the resultant signal determines the vertical deflection.

The X/Y Inhibit signal from the Readout system is applied to pin 6 of U2340. It has final control
over the output signal from U2340. When the X/Y Inhibit signal is LO, the signal from the selected vertical
can pass to the output pins 12 and 13. However, when the Readout system is ready to display Readout in-
formation, the level at pin 6 of U2340 goes HI and signals from both vertical compartments are blocked.

The auxiliary Y-axis Amplifier is also disabled by the X/Y Inhibit signal.

AUXILIARY Y-AXIS INPUT AMPLIFIER

The Auxiliary Y-Axis Input Amplifier accepts an input from horizontal plug-in units having compa-
tible features. For example, a trace separation voltage to offset a delayed display. The single-ended signal
connected to the input of this stage is converted to a push-pull signal at the collectors of Q2365 A and B.
Q2390 permits the X/Y Inhibit to turn off this amplifier.

DELAY-LINE BUFFER

The output of the Vertical Channel Switch stage, along with any signal from the Auxiliary Y-Axis
Input Amplifier, is connected to the bases of Q2386 and Q2396. These transistors are connected in a com-
mon emitter shunt feedback configuration to provide a low impedance summing point, and voltage gain.
L2386-L.2396 and C2387-R2387, C2397-R2397, and C2398-R2398-R2388 improve both the high-frequency

response and the reverse impedance termination for the Delay Line.
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DELAY LINE

Delay Line DL2400 provides approximately 150 nanoseconds delay for the vertical signal, to allow the
horizontal circuits time to initiate a sweep before the vertical signal reaches the vertical deflection plates of
the crt. This allows the instrument to display the leading edge of the signal originating the trigger pulse when
using internal triggering. The delay line used in this instrument has a characteristic impedance of about 50
ohms per side, and 100 ohms differentially.

VERTICAL AMPLIFIER
The Vertical Amplifier circuit provides final amplification for the vertical signal before it is applied to
the vertical deflection plates of the crt. This circuit includes an input from the BEAMFINDER switch to
compress an overscanned display within the viewing area of the crt. Figure 3-18 shows a detailed block dia-
gram of the Vertical Amplifier circuit. A schematic of this circuit is shown on diagram 4 in the diagrams

section.

CENTERING AND READOUT AMPLIFIER

(Q2530-02430 compose a paraphase amplifier to provide balance or centering control for the Vertical
Amplifier by changing the ratio of the current that is summed at the emitters of Q2441-Q2541. In addition,
this stage provides the input for the vertical readout signal through J25634 and the base of Q2530.

DISPLAY LIMITED
CURRENT TO
HORIZONTAL
AMPLIFIER

LIMIT COMMAND BEAM FINDER
FROM BEAM P NETWORK
FINDER SWITCH 02423, Q2427

J2401 P . \ >
AMPL MPLIF! VERTICAL DEFLECTION
VERTICAL SIGNAL AMPLIFIER AMPLIFIER
FROM DELAY LINE Q2405, Q2505 Q2455, Q2555 SIGNAL TO VERTICAL
Q2441, Q2468 DEFLECTION PLATES ON CRT
12501 . | @2541 _jazse8 N
= ( Ll =

12634 OUTPUT BIAS
VERTICAL ___ Q2552
READOUT 1A

SIGNAL

7633-3-i18

Figure 3-18. Vertical Amplifier detailed block diagram.
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INPUT AMPLIFIER

Forward termination of the delay line is accomplished by R2402-R2502, in conjunction with the
input impedance of Q2405-Q2505. R2402-R2502 also act as load resistors for the Delay-Line Buffer
stage. Q2405-Q2441-Q2505-02541 are connected in a cascade configuration. The RC networks in
the emitters of Q2405-Q2505 compensate for the losses in the delay line and provide some temperature

compensation for the Vertical Amplifier.

The emitter current of Q2405-Q2505 is returned through the Beam Finder switch Q2423. When
the Beam Finder is activated, Q2423 is turned off and the current path is through R2423, thus reducing

the dynamic range of the input amplifier to limit the display vertically within the graticule area.

Thermal balancing of the vertical amplifier is accomplished by R2527, which adjusts the base
voltage of Q2441-Q2541.

The signal from Q2441-Q2541 is connected to the output amplifier through the transmission line,
which is terminated by L2448-1.2548 and R2448-R2548. The vertical gain is adjusted by R2446, a shunt
across the collectors of Q2441-Q2541.

BEAMFINDER NETWORK

The Beamfinder Network provides a means of locating a display that overscans the graticule area.
Under normal operation, the Display Limit Command is at —15 volts, which holds Q2427 cut off and
allows Display Limited Current for the Horizontal Amplifier to rise to about +8 volts. During this time,
Q2423 is held on and emitter current from Q2405-Q2505 flows through Q2423 to ground. When the
BEAMFINDER switch is pressed, the Display Limit Command rises positive, turning Q2427 on and
Q2423 off. This pulls the Display Limit Current to ~15 volts, and reduces the emitter current of Q2405-
Q2505 to a level that limits the dynamic range of the input stage. R2523-R2524 serve to maintain the
proper common mode voltage at the outpu of the amplifier when the BEAMFINDER is used.

OUTPUT AMPLIFIER

The output cascade amplifier is driven through ‘T coils’’ to increase high frequency gain. High-

frequency compensation is provided by C2456 and the varactor network in the emitters of 02455-Q2555.
Output common base stage Q2468-Q2568 is driven through the RC matching networks between the

collectors of Q2455-Q2555 and emitters of Q2468-Q2568. The output signal at the collectors of Q2468-
Q2568 provides the vertical deflection signal for the crt.
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HORIZONTAL AMPLIFIER <E>

The Horizontal Amplifier circuit amplifies the push-pull horizontal deflection signals from the plug-in
unit in the horizontal compartment and connects it to the horizontal deflection plates of the crt. Figure
3-19 shows a detailed block diagram of the Horizontal Amplifier circuit. A schematic of this cir-

cuit is shown in the diagrams section at the rear of this manual.

HORIZONTAL CHANNEL SWITCH

Signals from the plug-in unit in the horizontal compartment are connected to pins 2 and 15 of inte-
grated circuit U510. The X Readout signal is connected to pin 7 of U510. UbB10 determines which input
signal will be applied to the Horizontal Amplifier circuit. This is controlled by the X/Y Inhibit signal from
the Readout System. When the X/Y Inhibit signal is LO, the signal from the horizontal compartment is
passed to the output of U510. When the X/Y Inhibitis HI, the X Readout signal is passed to the output
of U510. Resistors Rb14, R515, R5621, and R522 establish the operating levels for this circuit. The range
of Gain adjustment R512 is established by R511 and R513. The output is a differential signal connected
to the Horizontal Amplifier circuit. For a more detailed explanation of the channel switch operation, see

Trigger Channel Switch under Trigger Selector.
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b AAA AN AN
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QUTPUT
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e e e *..
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..w.._.....».._,v._.,,‘
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OUTPUT DEFLECTION
1 4 4 AMPLIFIER @3~ SIGNAL TO LEFT
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READOUT
SIGNAL
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Figure 3-19. Horizontal Amplifier detailed block diagram.
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connected to the Horizontal Amplifier circuit. For a more detailed explanation of the channel switch

operation see Trigger Channel Switch under Trigger Selector.

For normal operation, the Limit Command is connected to the --15 supply through the BEAM-
FINDER switch. When the BEAMFINDER switch is actuated, the —15 volts is interrupted to limit the
current to U510. At the same time, current is added through CR531 and CR532 from the Display Limited
Current line. This maintains the same dc currents to the output amplifier in both positions of the BEAM-
FINDER switch. The signal at the output is connected to the left and right amplifiers. R525 adjusts the

amplifier for center screen deflection with no signal.

RIGHT OUTPUT AMPLIFIER
Transistors Q539, Q551, Q558, and Q560 are connected as a current-driven feedback amplifier.

The input current is converted to a voltage output signal to drive the right horizonal deflection plate of
the crt. The signal at the collector of Q539 is connected to the emitters of output transistors Q558-Q560
through emitter follower Q551 and parallel paths C555-R555 and R563. The signal is connected to the
emitter of Q560 through R563. The output transistors Q558 and Q560 are connected in the complemen-
tary configuration to provide less resistive loading at the output. The output signal at the collectors of

05658-Q560 is connected to the right deflection plate of the crt through R565.

The crt deflection plates present a capacitive load to the amplifier, which requires additional current
during a fast sweep. Extra current for positive excursions is provided by Q551 via R655, €555, and Q558

and for negative excursions, via R563 and Q560.

Resistor R556 reduces the power dissipation in Q558 and resistor R560 reduces dissipation in Q5660.
Resistors R566, R567, and R569 provide dc feedback and establish low frequency gain. Capacitors C566
and C588 are adjusted for correct gain at fastest sweep rates. C584-R584 provide thermal compensation.

LEFT OUTPUT AMPLIFIER

Basic operation of the Left Qutput Amplifier stage is the same as just described for the Right Output
Amplifier. C586 provides linearity adjustment for the Left Output Amplifier at fast sweep rates. The out-
put signal at the collectors of Q578-Q580 is connected to the left deflection plate of the crt through R585.

The series circuit CR549 and R549 stablize the output amplifier during fast retrace intervals. R535

is adjusted to balance the negative excursions of the Right and Left Output Amplifier when the time base

plug-in is used in X10 Magnified mode.
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OUTPUT SIGNALS <e>

The Output Signals circuit provides outputs to connectors mounted on the rear panel of the 7623A.
A schematic of this circuit appears in the diagrams section of this manual. Option 7 instruments do not

contain this circuit.

VERT SIG OUT

The vertical signal is selected by the TRIG SOURCE switch. The vertical signal selected is applied
to the bases of a differential amplifier Q606 and Q618. A single-ended signal is taken off the collector
of Q618 and connected to an output buffer Q620. CR621 and CR622 provide protection against a high

voltage inadvertently applied to the output connector.

+ GATE OUT

The gate signal is connected to a comparator circuit Q662 and Q666 through resistor R660. From
the comparator the gate signal is connected to the emitter of an output buffer Q672. Gate Selector switch S659
connects one of the gate signals to R660, the input of the Gate Amplifier. Possible gate signals are MAIN
gate and, with a dual-sweep time-base unit, a DELAY or an AUXILIARY gate signal can be selected. CR674

and CR676 provide protection against a high voltage inadvertently applied to the output connector.

+ SAWTOOTH OUT

The sawtooth signal is connected to the Sawtooth Amplifier through R36. Q631, 0634, and Q640
comprise a negative feedback amplifier with a gain of two, determined by the ratio of feedback resistor R645
to the combined input resistance of R630 and R63. CR635 and CR676 provide protection against a high

voltage inadvertently applied to the output connector.

CRT CIRCUIT @

The CRT Circuit produces the high-voltage potentials and provides the control circuits necessary for
operation of the cathode ray tube (crt). This circuit also includes the Z-Axis and Auto Focus Amplifier
stages. Figure 3-20 is a detailed block diagram of the CRT Circuit. A schematic of this circuit is shown

on diagram 7 in the diagrams section.

T1199 and Q1195 form a tuned-tank, sine-wave oscillator. Transformer T1199 has four secondary
windings; the high-voltage winding, a 600 volt supply winding, a heater winding, and an oscillator

feedback winding.

HIGH VOLTAGE REGULATION

The high-voltage tap on the secondary of T1199 is the source of current for the cathode of the crt.
The ac is rectified through CR1213 and filtered by C1213, R1214, and C1214 to provide approximately
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~1500 volts to the cathode. In order to maintain a constant voltage on the cathode, this same tap serves
to reference the feedback path to the oscillator. R1226A and R1226B (part of the same s'ubstrate for
good stability) form a divider network. The signal at the junction of these two resistors is applied to the
base of Q1184. This signal is an error voltage determined by comparing the cathode voltage against a

positive voltage of approximately 15.6 volts appearing at the anode of CR1223.

The difference signal is amplified through Q1184 and Q1187 and applied to the base of emitter
follower Q1190. The output of Q1190 is fed to the base of oscillator transistor Q1195 through the primary
winding of T1199. The base winding ac return is provided by C1193. Resistor R1192 provides a fixed value
current for the oscillator. This stabilizes the network by preventing the oscillator from stopping during the

times the feedback network is shut off.

The top of the high-voltage winding supplies the positive accelerating potentia! for the crt anode. The
anode supply is a voltage doubler consisting of C1201, CR1202, CR1203, C1202, R1204, R1205, R1206,

and C1206. R1207 and R1208 provide electrical damping of mechanical resonance in the crt meshes.

The crt heater voltage is supplied directly by the heater winding of the transformer secondary.
The cathode and heater are connected through R1263 to prevent cathode-to-heater breakdown due to

the large difference in potential between these two crt elements,

AUTO FOCUS DC RESTORER

The focus electrode is supplied by a voltage from the wiper arm of the Focus Preset control, R1242
through R1240 and R1239. The focus of the display is determined by the FOCUS control, R1230. This
control and the Auto Focus Amplifier maintain a well defined display under varying intensity conditions.
The network consisting of CR1234, CR1238, CR1239, CR1233, VR1233, C1237, and C1238 provide a
varying negative voltage translated to the proper dc level, for the focus grid of the crt. An ac voltage from
the 600-volt winding of the transformer secondary is connected to the focus grid supply through C1235,
R1235, and R1236. The positive clipping level at the junction of VR1233 and CR1234 is determined by
the FOCUS control setting. The negative clipping level at the anode of CR1234 is determined by the out-
put level of the Auto Focus Amplifier.

A change in the intensity level, as changes in the peak-to-peak values of the ac voltage, is coupled to
the focus grid from the Auto Focus Amplifier through R1166 and C1238. This ac signal is introduced
through CR1238 and CR1239 to vary the dc signal across R1239. Focus is adjusted by the front panel
FOCUS control R1230.
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AUTO FOCUS

The X/Y Inhibit signal from the Readout System determines the switching between Q1136 and
Q1145, readout intensity or display intensity respectively. The conduction of either of these transistors,
through R1147 sets the level at the base of Q1150. Q1150, Q1155, Q1164, and Q1167 comprise an
analog feedback amplifier. The conduction of Q1150 controls the signal at the collector of Q1167.

This signal is fed back to the base of Q1155 through a divider network. Q1155 and Q1150 form a
differential amplifier which compares the focus signal with that of the intensity input at the base of

Q1150.

CONTROL-GRID DC RESTORER

The Control-Grid DC Restorer couples dc and low frequency companents of the Z-Axis Amplifier
signal to the crt control grid. This allows the Z-Axis Amplifier to control the crt beam current (inten-
sity). The potential difference between the Z-Axis Amplifier output and the control grid {about 3000

volts) prohibits direct coupling.

The dc restorer is actually a cathode-referenced bias supply for the crt control grid. Quiescently,

its output voltage is more negative than the cathode by an amount set by Crt Grid Bias adjustmgnt R1248.

The network consisting of diodes CR1251, CR1255, CR1257, and CR1258, provides the negative
voltage for the control grid of the crt. Output level of this supply is set by Crt Grid Bias adjustment R1248.
Approximately 600 volts peak-to-peak from the secondary of T1199 is connected to the Control Grid Supply
through C1253, R1253, and R1254. CR1255 and CR1251 clip this signal to determine the operating level
at the control grid. CR12565 [imits the negative excursion of the signal. Quiescently, when the crt is
blanked, the anode of CR1255 is set at about +15 volts by the Z-Axis Amplifier stage. The positive clip-
ping level at the cathode of CR1251 is set by Crt Grid Bias adjustment R1248. R1248 is adjusted to bias

the contro! grid of the crt just enough negative so the trace is blanked between sweeps.

The negative level at the crt cathode, held constant by the High-Voltage Regutator, is connected
through R1259 to the cathode of CR1258. The clipped voltage developed by CR1251 and CR1255 is peak-
to-peak rectified by CR1257 and CR1258 and super-impased on this negative level. This results in a
grid level, which is more negative than the crt cathode level. C1255 acts as a filter to provide a constant
voltage output level. The unblanking gate level developed by the Z-Axis Amplifier stage is applied to the
anode of CR1255 through R1118. Fast rising and falling portions of this signal are coupled directly to
the crt grid through C1255.

Z-AX1S AMPLIFIER

The Z-Axis Signal from the Logic circuit and the Z-Readout signal from the Readout System are con-

nected to the emitter of Q1105. Transistor Q1105 is a common-base amplifier to establish a low input
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impedance for the input signals. Transistors Q1127, Q1122, Q1113, and Q1111 form a current driven
operational amplifier. The input and output transistors are complementary to provide a fast rise-time
and a fast fall-time response with minimal standing current. Resistor R1123 establishes a low current
in the series connected output transistors. Transistor Q1127 supplies additional current through C1124
for the positive transients, and transistor Q1111 supplies additional current for negative transients.
Capacitor C1115 is adjusted for optimum square-wave output, resistors R1115 and R1116 along with
capacitor C1115 form the feedback network. Zener diode VR 1109 provides the necessary change of

voltage from the collector of Q1105 to the base of Q1111.

CRT CONTROL CIRCUITS

Astigmatism adjustment R1274, which is used in conjunction with the FOCUS con-
trol to obtain a well-defined display, varies the positive level on the astigmatism grid. Geometry adjust-
ment R1292 varies the positive level on the horizontal deflection-plate shield to control the overall

geometry of the display.

Two adjustments control the trace alignment by varying the magnetic field induced by coils around
the crt. Y-Axis Alignment R1284 controls the current through L1284, which affects the crt beam after
vertical deflection, but before horizontal deflection. Therefore, it affects only the vertical {Y) components
of the display. TRACE ROTATION adjustment R1286 controls the current through L1295 and affects

both the vertical and horizontal rotation of the display.

LOW-VOLTAGE POWER SUPPLY

The Low-Voltage Power Supply circuit provides the operating power for this instrument from six
regulated supplies. Electronic regulation is used to provide stable, low-ripple output voltages. Each supply
contains a short-protection circuit to prevent instrument damage if a supply is inadvertently over-loaded
or shorted to ground. Figure 3-21 shows a detailed block diagram of the Low-Voltage Power Supply

circuit. A schematic of this circuit is shown on diagram 8 at the rear of this manual.

POWER INPUT

Power is applied to the primary of transformer T801 through line fuse F1000, thermal cutout $1000,
and POWER switch S1001. The Voltage-Selector Jumper, P1001, connects the two halves of the primary of
T801 in parallel for 110-volt (nominal) operation. Voltage-Selector Jumper P1002 connects the two halves
of the primary in series for 220-volt (nominal) operation. The line fuse, F1000, must be changed to provide

the correct protection for 220-volt nominal operation.

Each half of the primary of T801 has taps above and below the 110-volt (220-volt) nominal point.
When the Voltage Selector Jumper is moved from LOW to MED to HI, more turns are effectively added
to the primary winding and the turns ratio is decreased to compensate for the increased primary voltage.

This configuration extends the regulating range of the 7623A.
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A fan provides forced-air cooling for the 7623A. The fan is connected in parallel with one half of
the primary winding of T801. Therefore, it always has the same voltage applied regardless of the position

of the Voltage-Selector Jumper.

Thermal cutout S1000 provides thermal protection for this instrument. If the internal temperature
of the instrument exceeds a safe operating level, S1000 opens to interrupt the applied power. When the

temperature returns to a safe level, S1000 automatically closes to re-apply the power.

-b0-VOLT SUPPLY

The following discussion includes the description of the 50 V Rectifier, ~50 V Series Regulator,
~50 V Feedback Amplifier, --50 V Reference, and ~50 V Current Limiting stages. Since these stages
are closely related in the operation of the --50-volt regulated output, their operation is most easily un-

derstood when discussed as a unit.

The 50 V Rectifier assembly CR808 rectifies the output at the secondary of T801 to provide the
unregulated voltage source for both the —50- and +50-Volt supplies. CR808 is connected as a bridge
rectifier and its output is filtered by C808-C809. Transistors 0886, 896, Q900 and Q903 operate as
a feedback-stabilized regulator circuit to maintain a constant —50-volt output level. Q886 is connected
as a differential amplifier to compare the feedback voltage at the base of Q886B against the reference
voltage at the base of Q886A. The error output at the collector of Q886B reflects the difference, if any,
between these two inputs. The change in error-output level at the collector of Q8868 is always opposite

in direction to the change in the feedback input at the base of Q886B (out of phase).

Zener diode VR890 sets a reference level of about -9 volts at the base of Q886A. A feedback
sample of the output voltage from this supply is connected to the base of Q886B through divider
R880-R881-R882. R881 in this divider is adjustable to set the output leve! of this supply. Notice that
the feedback voltage to this divider is obtained from a line labeled —50 V Sense. Figure 3-22 illustrates
the reason for this configuration. The inherent resistance of the interconnecting wire between the output
of the ~50-Volt Supply and the load produces a voltage drop which is equal to the output current mul-
tiplied by the resistance of the interconnecting wire. Even though the resistance of the wire is small, it
results in a substantial voltage drop due to the high output current of this supply. Therefore, if the feed-
back voltage were obtained ahead of this drop, the voltage at the load might not maintain close regulation.
However, the —~50 V Sense feedback configuration overcomes this problem since it obtains the feedback
voltage from a point as close as practical to the load. Since the current in the ~50 V Sense line is small

and constant, the feedback voltage is an accurate sample of the voltage applied to the load.

Regulation occurs as follows: |f the output level of this supply decreases (less negative) due to an
increase in load, or a decrease in input voltage {as a result of line voltage changes or ripple), the voltage
across divider R880-R881-R882 decreases also. This results in a more positive feedback level at the base
of Q886B than that established by the 50 V Reference stage at the base of Q886A. Therefore, the
output current at the collector of Q886B increases. This increase in output from Q8868 allows more

current to flow through Q896 and Q900 to result in increased conduction of —50 V Series Regulator
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Figure 3-22. Schematic illustrating voltage drop between power supply output and load due to resistance of interconnecting
wire.

Q903. The load current increases and the output voltage of this supply also increases {more negative).
As a result, the feedback voltage from the —50 Sense line increases and the base of Q886B returns to the
same level as the base of Q886A. Similarly, if the output level of this supply increases {more negative),
the output current of Q886B decreases. The feedback through Q896 and Q900 reduces the conduction
of the —50 V Series Regulator to decrease the output voltage of this supply.

50 Volts adjustment R881 determines the divider ratio to the base of Q886B and thereby deter-
mines the feedback voltage. This adjustment sets the output level of the supply in the following manner:
If R881 is adjusted so the voltage at its variable arm goes less negative {closer to ground), this appears as
an error signal at the base of Q886B. In the same manner as described previously, this positive-going
change at the feedback input of the differential amplifier increases the conduction of the --50 V Series
Regulator to produce more current to the load, and thereby increase the output voltage of this supply.
This places more voltage across divider R880-R881-R882 and the divider action returns the base of
Q8868 to about --9 volts. Notice that the feedback action of this supply forces a change in the output
level which always returns the base of Q8868 to the same level as the base of Q886A. In this manner,

the output level of the —50-Voit Supply can be set to exactly — 50 volts by correct adjustment of R881.

The --50 V Current Limiting stage Q908-Q909-Q910 protects the —50-Volt Supply if excess current
is demanded from this supply. All of the output current from the —50-Volt Supply flows through RS03.
Transistor Q908 senses the voltage at the collector of the 50 V Series Regulator Q903 and compares
it against the —50 V output level at the base of Q909 which is obtained from the other side of R903.
Under narmal operation, Q908 is held in conduction and Q909 is off. However, when excess current is
demanded from the —50 V Series Regulator due to a short circuit or similar malfunction at the output
of this supply, the voltage drop across R903 increases until the base of Q908 goes more negative than
the level at the base of Q909. Then Q909 takes over conduction of the comparator. The collector cur-
rent of Q909 increases the voltage drop across R896 to reduce the conduction of Q896 in the —50 V
Feedback Amplifier and limit the conduction of Q903. Q910 is connected as a constant-current source
for Q908-0909.
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~-15-VOLT SUPPLY

Basic operation of all stages in the ~15-Volt Supply is the same as for the -~50-Volt Supply.
Reference level for this supply is established by divider R945-R946 between ground and the -50 V Sense
voltage. The divider ratio of R945-R946 sets a level of ~15 volts at the base of 0943A. The level on the —50 V
Sense line is held stable by the —50-Volt Supply as described previously. The =16 V Sense voltage is con-
nected to the base of Q943B through R940. Any change at the output of the —15-Volt Supply appears
at the base of Q943B as an error signal. The output voltage is regulated in the same manner as described

for the —50-Volt Supply.

+5-VOLT SUPPLY

Basic operation of the +5-Volt Supply is the same as described for the previous supplies. The +b V
Current Limiting and +5 V Feédback Amplifier (except for Q985) is made up of a five-transistor array
U973. Notice that both U973C and Q985 in the +5 V Feedback Amplifier are connected as emitter
followers, since inversion is not necessary in the feedback path for positive output voltages. Reference
is established at 0 volt level by R975. Divider R970-R971, connected to both the +5 volt sense feedback

and —50 volt sense feedback, establishes an error voltage at the base of U973E.

+15-VOLT SUPPLY

The +15-Volt Supply operates in the same manner as described for the previous supplies. The un-
regulated +15-Volt Supply provides the source voltage for the High-Voltage Oscillator stage in the crt
circuit through fuse F814 and P870.

+50-VOLT SUPPLY

Operation of the +50-Volt Supply is the same as described for the previous supplies. The unreg-
ulated +50 volts, from 50 V Rectifier CR808, is used to provide a positive starting voltage for the —50-

Volt Supply.

+130-VOLT SUPPLY

The +130-V Rectifier CR806 provides the rectified voltage for the +130-Volt Supply. However,
this secondary winding of T801 does not supply the full potential necessary to obtain the +130-volt
output level. To provide the required output level, the +50-Volt Supply is connected in series with
this supply through Q850. Basic regulation of the output voltage is provided by +130 V Feedback
Amplifier Q852, and +130 V Series Regulator Q850.

The output voltage of this supply is connected across divider R855-R856. This divider provides
a quiescent level of about +50 volts at the base of Q852. The reference level for this supply is provided
by the +50-Volt Supply connected to the emitter of 0852. If the output of this supply changes, this
change is sensed by Q852 and an amplified error signal is connected to the base of @850. This error
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signal changes the conduction of the +130 V Series Regulator Q850 to correct the output error. Fuse
F8565 protects this supply if the output is shorted. However, since the response time of F855 is slow to
a shorted condition, VR851 provides additional current to the base of Q850 to protect Q852 from
damage. Diode CR852 limits the reverse bias on Q852 to about 0.6 volt when F855 is blown.

GRATICULE LIGHT SUPPLY

Power for the graticule lights is supplied by the Graticule Light Supply. Rectified voltage for
this supply is provided by 5 V Rectifier CR820-CR821. Q835 operates as a series regulator transistor.
Emitier follower Q829 determines the conduction of this series regulator as controlled by front panel
GRATICULE ILLUM Contro! R1095. Current-limiting to protect this supply is provided by Q827.
Under normal operation, divider R830-R831-R833 sets the base of Q827 below its conduction level.
However, if excess current is demanded from this supply, the voltage drop across R837-R838 increases
until Q827 comes into conduction. The collector of Q827 then limits the conduction of this supply to

limit its output current.

Divider R822-R823 provides a sample of the line voltage in the secondary of T801 to the plug-in
unit. This provides a line-frequency reference to the plug-in units for internal triggering at line frequency

or for other applications.

CALIBRATOR

The Calibrator circuit provides output voltage to the front-pane! Calibrator pin-jacks. Figure 3-23
shows a detailed block diagram of the Calibrator portion of this circuit. A schematic of this circuit is

shown on diagram 10 at the rear of this manual.

<[]

OUTPUT OuTPUT
8$2¢:I6L31T4912 > AMPLIFIER ] VOLTAGE mmm~-< I o.avl
Q1450 DIVIDER

Q1453

<[]
3 [

Figure 3-23. Calibrator detailed block diagram.
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CALIBRATOR

GENERAL

The Calibrator circuit provides accurate voltage output at the front-panel Calibrator pin-jacks.

Repetition rate of the output signal is about one kilohertz.

OSCILLATOR

01440 and Q1446 are connected as a square-wave oscillator to determine the repetition rate of
the Calibrator circuit. Oscillation occurs as follows: Assume that 01440 is conducting and Q1446 is
off. The collector voltage of Q1440 (determined by the voltage divider formed by R1440 and R1441)
drops to the saturation level of Q1440. With this low voltage on its base, Q1446 is turned off. Since
Q1446 is not conducting, its collector goes positive, producing the positive portion of the square wave,
and its emitter drops to a level of about 0.6 volt more negative than its base and stops. As a result,
the current through R1445 and C1444 is no longer available to Q1440. This forward biases Q1446,
due to an increased base voltage, causing its emitter to rapidly rise positive. Since C1444 cannot change
its charge instantaneously, the sudden change in voltage at the emitter of Q1446 pulls the emitter of
Q1440 positive also, to reverse bias it. The current through Q1446 produces a voltage drop at its col-

lector to produce the negative portion of the square wave.

Now, conditions are reversed. Since Q1440 is reverse biased, there is no current through it.
Therefore, C1444 can begin to discharge through R1443. The emitter level of Q1440 follows the dis-
charge of C1444 until it reaches about —0.6 volt. Then, Q1440 is forward biased and its collector
drops negative to reverse bias Q1446. This interrupts the current through Q14486, and its collector
goes positive again to complete the square wave. Once again C1444 begins to charge through R1445
to start the second cycle. The signal produced at the collector of Q1446 has a repetition rate of about

one kilohertz.

The Oscillator stage can be changed by jumper P1445. When this jumper is installed in the DC
position, the Oscillator is disabled and the collector of Q1446 rises positive. This produces a positive

dc voltage output to the front-panel Calibrator pin-jacks.

OUTPUT AMPLIFIER
Transistors Q1450 and Q1453 are connected as a comparator with the reference level at the base

of Q1453 determined by the network R1455-R14566-R1457-R1459. The 4 Volts adjustment R 1459,

is set to provide accurate output voltage at the 4 V Calibrator pin-jack.

The output of the Oscillator stage is connected to the base of Q1450. This signal controls the
conduction of comparator Q1450-Q1453. When the base of Q1450 is high, it is off, and Q1463 is
conducting. This produces a positive output voltage at the Calibrator pin-jacks. When the level at
the base of Q1450 is switched low, Q1450 conducts and Q1453 is reverse biased. Now, the voltage

level at the Calibrator pin-jacks drops to zero.
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OUTPUT VOLTAGE DIVIDER

The collector current of Q1453 in the Output Amplifier stage is applied across the voltage divider made
up of resistors R1461 through R1467. This divider is designed to provide a low output resistance in the 40
mV and 0.4 V position while providing accurate output voltages. The output resistance at the 4 V pin-jack

is about 450 ohms and at the 0.4 V and 40 mV pin-jacks is about 50 ohms.

READOUT SYSTEM
(Option 1 Deletes the Readout System)
INTRODUCTION
The 7000-series Readout System provides alpha-numeric display of information encoded by the plug-
in units. This display is presented on the crt and is written by the crt beam on a time-shared basis with the

analog waveform display.
The definition of several terms follows:

Character--A character is a single number, letter, or symbol displayed on the crt, either alone or in
combination with other characters.

Word—A word is made up of a related group of characters. In the Readout System, a word can
consist of up to ten characters.

Frame--A frame is a display of all words for a given operating mode and plug-in combination. Up to
ten character words (six words in 3-compartment mainframes) can be displayed in one frame.
Figure 3-24 shows the position of each word in a complete frame.

Column—One of the vertical lines in the Character Selection Matrix (see Figure 3-25). Columns R-10
(row 10) and R-14 (row 14) can be addressed in the Readout System.

Time-Slot—A location in a pulse train. In the R.eadout System, the pulse train consists of 10
negative-going pulses. Each time-slot pulse is assigned a number between one and ten. For
example, the first time-siot is TS-1.

Time-multiplexing—Transmission of data from two or more sources over a common path by using

different time intervals for different signals.

THREE-COMPARTMENT MAINFRAMES
The 7000-series Readout System is compatible with both three- and four-compartment mainframes.
However, since three-compartment mainframes do not have a B horizontal plug-in compartment, the B

horizontal channels are not used. In these instruments a ""Jump’’ Command is encoded for this compart-

ment.

In three-compartment mainframes a ""Jump’* Command is encoded in time-slot one on the Main Inter-
face for both channels {one and two) of the B horizontal readout. (See Word Trigger for a discussion of the
*Jump’’ Command.) The "“Jump’ Command (row 13 current) is applied to pins 16 and 15 (B horizontal
channels 1 and 2 respectively) of U2180. Column data current is not required for a “Jump’’ Command.
This allows the Readout System to sense a ""jump’’ during time-siot one at Channel 2, which causes it to
“jump’’ the remaining nine time slots for that channel and go to Channel 1 where it again senses a “Jump”’
Command during time-stot one. This permits it to jump’’ the remaining nine time slots in Channel 1. The

Readout System then begins a new frame.
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DISPLAY FORMAT

Up to eight words (six words in three compartment mainframes) of readout information can be dis-

played on the crt.

it originated. Figure 3-24 shows the area of the graticule where the readout from each plug-in unit is dis-

played. Notice that Channel 1 of each plug-in unit is displayed within the top division of the crt and
Channel 2 is displayed directly below within the bottom division. Figure 3-26 shows a typical display where

only Channel 2 of the Right Vertical and the Horizontal units is selected for display.

Each word in the readout display can contain up to 10 characters, although the typical display will

The position of each word is fixed and is directly related to the plug-in unit from which

contain between two and seven characters per word. The characters are selected from the Character Selec-

[T

tion Matrix shown in Figure 3-25.

In addition, 12 operational addresses are provided for special instructions

to the Readout System. Yhe unused locations in the Matrix (shaded area) are available for future expansion

of the Readout System. The method of addressing the locations in the Character Selection Matrix is

described in the following discussion.

DEVELOPING THE DISPLAY

The following basic description of the Readout System uses the block diagram shown in Figure 3-27.

This description is intended to relate the basic function of each stage to the operation of the overall

Readout System. Detailed information on circuit operation is given later.
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Figure 3-24. Location of readout words on the crt identifying the originating plug-in unit and channel (one complete frame
shown).
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The key block in the Readout System is the Timer stage. This stage produces the basic signals which

establish the timing sequences within the Readout System. Period of the timing signal is about 250 micro-

seconds {drops to about 210 microseconds when Display-Skip is received; see detailed description of Timing

stage for further inforrmation). This stage also produces control signals for other stages within this circuit

and interrupt signals to the Vertical Amplifier, Hori-
zontal Amplifier, and Logic circuits, which allow a
readout display to be presented. The Time-Slot Coun-
ter stage receives a trapezoidal voltage signal from the
Timer stage and directs it to one of ten output lines.
These output lines are labeled TS-1 through TS-10
(time-slots one through ten} and are connected to
the vertical and horizontal plug-in compartments as
well as to various stages within the Readout System.
The output lines are energized sequentially, so there
is a pulse on only one of the 10 lines during any 250-
microsecond timing period. After the Time-Slot
Counter stage has counted time-slot 10, it produces
an End-of-Word pulse which advances the system to

the next channel.

Two output lines, row and column, are connect-
ed from each channel of the plug-in unit back to the
Readout System. Data is typically encoded on these
output lines by connecting resistors between them
and the time-slot input lines. The resultant output
is a sequence of ten analog current levels which range
from zero to one milliampere (100 microamperes/
step) on the row and column output lines. This row
and column correspond to the row and column of the
Character Selection Matrix in Figure 3-25. The stan-
dard format for encoding information onto the output
lines is given in Table 3-2. (Special-purpose plug-in

units may have their own format for readout; these

TABLE 3-2

Standard Readout Format

Time-Slot Number

Description

TS-1 Determines decimal magnitude
{number of zeros displayed or pre-
fix change information) or the
IDENTIFY function (no display
during this time-slot).

TS-2 Indicates normal or inverted input
{no display for normat).

TS-3 Indicates calibrated or uncalibrated
condition of plug-in variable
control (no display for calibrated
condition}.

TS-4 Scaling.

TS-5 Not encoded by plug-in unit. Left

TS-6 blank to allow addition of zeros

TS-7 by Readout System.

TS-8 Defines the prefix which modifies
the units of measurement.

TS-9 Define the units of measurement

TS-10 of the plug-in unit. May be stan-

dard units of measurement (V, A,
S, etc.) or special units selected
from the Character Selection Matrix.

special formats will be defined in the manuals for these units.)

The encoded column and row data from the plug-in units is selected by the Column Data Switch and

Row Data Switch stages respectively. These stages take the analog currents from the eight data lines (two

channels from each of the four plug-in compartments) and produce a time-multiplexed analog voltage out-

put containing all of the column or row information from the plug-ins. The Column Data Switch and Row

Data Switch are sequenced by the binary Channel Address Code from the Channel Counter.
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Figure 3-25. Character Selection Matrix for Readout System.
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The time-multiplexed output of the Column

i
i
]

Data Switch is monitored by the Display-Skip Gene-

L

rator to determine if it represents valid information

that should be displayed. Whenever information is

not encoded in a time-slot, the Display-Skip Genera-

=T b
| | | ;
1

tor produces an output level to prevent the Timer
stage from producing the control signals that normally : L W B8 AR RERSS U

interrupt the crt display and present a character. i Y DU 2 W N AU A W

The analog outputs of the Column Data Switch

and Row Data Switch are connected to the Column

Decoder and Row Decoder stages respectively. These

A .
J
1
5 y
i

stages sense the magnitude of the analog voltage in-

put and produce an output current on one of ten Figure 3-26. Typical readout display where only channel 2 of the

lines. The outputs of the Column Decoder stage are Right Vertical and Horizontal units is displayed.

identified as C-1 through C-10 {column 1 through 10)

corresponding to the encoded column information. Likewise, the outputs of the Row Decoder stage are iden-
tified as R-1 through R-10 {row 1 through 10) corresponding to the encoded row information. The primary
function of the row and column outputs is to select a character from the Character Selection Matrix to be
produced by the Character Generator stage. These outputs are also used at other points within the system
to indicate when certain information has been encoded. One such stage is the Zeros Logic and Memory.
During time-siot 1 (T'S-1), this stage checks if zero-adding or prefix-shifting information has been encoded by
the plug-in unit, and stores it in memory until time-slots 5, 6, or 8. After storing this information, it trig-
gers the Display-Skip Generator stage so that there is no display during time-slot 1 (as defined by Standard
Readout Format; see Table 3-2). When time-slots 5, 6, and 8 occur, the memory is addressed and any infor-
mation stored there during time-slot 1 is transferred to the input of the Column Decoder stage to modify

the analog data during the applicable time-slot.

Also, the Zeros Logic and Memory stage produces the IDENTIFY function. When time-siot 1 is
encoded for IDENTIFY (column 10, row 3), this stage produces an output level, which connects the
Column Data Switch and Row Data Switch to a coding network within the Readout System. Then,
during time-slots 2 through 9, an analog current output is produced from the Column Data Switch and
Row Data Switch which addresses the correct points in the Character Selection Matrix to display the
word “IDENTIFY' on the crt. The Zeros Logic and Memory stage is reset after each word by the

Word Trigger puise.

The Character Generator stages produce the characters which are displayed on the crt. Any of
the 50 characters shown on the Character Selection Matrix of Figure 3-25 can be addressed by proper
selection of the column and row currents. Only one character is addressable in any one time-slot; a
space can be added into the displayed word by the Decimal Point Logic and Character Position Counter
stage when encoded by the plug-in. The latter stage counts the number of characters generated and
produces an output current to step the display one character position to the right for each character.
In addition, the character position is advanced once during each of time-slots 1, 2, and 3, whether a
character is generated during these time-slots or not. This action fixes the starting point of the standard-

format display such that the first digit of the scaling factor always starts at the same point within each
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Figure 3-27. Detailed block diagram of the Readout System.
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Figure 3-27. Detailed block diagram of the Readout System.
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word regardiess of the information encoded in time-
slot 1, 2, or 3 preceding this digit. Also, by encoding
row 10 and column 0 during any time-slot, a blank
space can be added to the display. Decimal points
can be added to the display at any time by address-
ing the appropriate row and column. (See Character
Selection Matrix for location of decimal points.) The
Decimal Point Logic and Character Position Counter
stage is reset after each word by the Word Trigger

pulse.

The Format Generator stage provides the out-
put signals to the vertical and horizontal deflection
systems of the instrument to produce the character
display. The binary Channe! Address Code from the
Channel Counter stage is connected to this stage, so
that the display from each channel is positioned to
the area of the crt associated with the plug-in and
channel originating the word (see Figure 3-24). The
positioning current or decimal point location current
generated by the Decimal Point Logic and Character
Position Counter stage is added to the Horizontal
(X) signal at the input to the Format Generator
stage to provide horizontal positioning of the char-
acters within each word. The X- and Y-Readout
signals are connected to the Horizontal Amplifier
and Vertical Amplifier through the X- and Y-Buffer

stages.

The Word Trigger stage produces a trigger from
the End-of-Word pulse generated by the Time-Slot
Counter stage after the tenth time-slot. This Word
Trigger pulse advances the Channel Counter to dis-
play the information from the next channel or plug-
in. It also provides a reset pulse to the Zeros Logic
and Memory stage and the Decimal Point Logic and
Character Position Counter stage. The Word Trigger
stage can also be advanced to jump a complete word
or a portion of a word when a Jump Command is

received from the Row Data Switch stage.

The Single-Shot Lockout stage allows the dis-
play sequence of the Readout System to be changed.

Normally, the Readout System operates in a free-
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