






















































































































































































































































































Form Y27-2043-0
FES Y27-2176

Key Switch Enable Switch

Customer Meter CE Meter

Figure B-3. Metering Panel

1/O Interface Disabled

Cmnd Rej Buffer Running

Bus Out Check Data Check

oFigure B-4. Sense Byte O Indicators
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Bit 6, Buffer Running - Indicates buffer regen-
eration in progress.

Bit 7 - Not used in the sense byte. Used to in-
dicate to operator that unit is enabled or disabled.
If indicator is lit, unit is disabled; if off, unit is
enabled or ENABLE switch is in up position,

POWER SUPPLY PANEL (Figure 5-1)

REMOTE/LOCAL (rotary switch)

REMOTE - Power On and Off is controlled by
the system power-on contact, The display unit
POWER ON and POWER OFF switches are inef-
fective,

LOCAL - Power On and Off is controlled by the
POWER ON and POWER OFF switches, The system
power-on contact is ineffective,

CB ALARM (lamp) - Indicates that one of the
CB's has tripped.

Form Y27-2043-0
FES Y27-2176

THERM ALARM (lamp) - Indicates that operating
temperatures have exceeded a safe level, _

THERM RESET - Restores power after a thermal
condition when the thermal condition has cooled and
no power control switches have been operated. If
one of the power control switches has been operated,
the RESET switch is ineffective.

HIGH VOLTAGE ON (lamp) -~ Indicates that the
16-kv circuit is active,

24V CONTROL (lamp) - Indicates that a fuse is
blown in the 24v supply.

LINE BREAKER - Removes power from the en-
tire power system when the primary power input
is overloaded.

POWER ON (See Figure B-2) - Initiates Power-
On status if REMOTE/LOCAL switch is set at
LOCAL position,

POWER OFF (See Figure B-2) - Drops power if
REMOTE/LOCAL switch is set at LOCAL position.
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This appendix contains information relative to the
analog control circuits of the display unit, The
overall interrelationship of these circuits is illus-
trated in the block diagram of FEDM Figure 2019,
The individual circuit functions are illustrated in
FEDM Figures 9008 through 9020,

The circuit information in this appendix has been
compiled from Engineering Specifications; a listing
of these specifications is provided here to reference
more-detailed data and to be aware of future engi-
neering changes.

High Level D/A Converter - P/N 872907
Asynchronous Delay - P/N 872911
Isolation and Dynamic Intensity - P/N 872914
DC Intensity - P/N 872915
Yoke Clamp - P/N 872952
Character Overdrive - P/N 872906
Character Generator - P/N 872905
De ~Skew - P/N 872908
Light Pen Amplifier - P/N 872913
Vector Generator - P/N 872955
DC Offset - P/N 872916

DIGITAL-ANALOG DECODING

Digital-to-analog decoding accepts digital data from
the 10-bit X deflection register for X positioning
and from the 10-bit Y deflection register for Y
positioning, Thus, the CRT beam is deflected to a
specific intersection of the 10242 grid coordinate
system. Complementary digital inputs from the X
and Y registers are converted into weighted current
steps summed together at the emitters of the voltage
buffer transistors and applied push-pull to the main
deflection yoke. Associated with the yoke are Zener
clamping circuits, which limit the voltage swings.
Also associated with the yoke are the necessary
damping resistances,

Three adjustments are provided: damping
potentiometers to control yoke time constants,
individual high-order bit potentiometers (0~4), and
gain controls to vary all bits of a given axis,

High-Order Bit Decode Switches (FEDM Figure
9008) '

These switches are made with transistors which
receive the complementary inputs from the deflec-
tion registers and shunt the current from a constant-
current source through the voltage buffers to either
half (X or X', Y or Y'"), thereby providing the push-
pull operation of the yoke,

APPENDIX C, SPECIAL CIRCUITS

Low-Order Bit Decode Switches

The low-order diode switches (FEDM Figure 9009)
provide the same function as the high-order bit
decode switches.,

Constant-Current Sources

The constant-current sources are common base
configuration circuits with (essentially) binarily
weighted emitter resistors., These resistors de-
termine the current from the circuit that is switched
into the yoke by the switches., One of the constant-
current sources corresponds to each bit in the input
signal that is transferred from the X and Y deflection
registers, The emitter resistor is chosen so that the
most significant bit in the digital signal switches the
most current. The next most significant bit switches
one-half of this current from a second constant-
current source., The third most significant bit
switches current from a source that is one-fourth

of that controlled by the most significant bit, etc.
(FEDM Figure 2016),

Gain Control Circuit (FEDM Figure 9008)

This current provides a dc level or reference vol-
tage from a low-output impedance source to the
base of the transistors used in the constant-current
sources for the high-order bits and to the reference
voltage inverter driver, Variation of this dc level
or reference voltage causes a simultaneous varia-
tion in current of each constant-current source,
thereby increasing or decreasing the size of the
display.

Reference Voltage Inverter Driver (FEDM Figure
9009)

This circuit converts the reference voltage (output
of the gain control circuit) to the proper polarity
and magnitude to cause a variation in current from
the low-order bits (5 through 9) that is commensur-
ate with the variation in the high-order bits,

Buffer Amplifiers (FEDM Figure 9011)

The buffer amplifiers sum all the currents from the
switches and isolate the main part of the decoder
from the large voltage swings on the deflection yoke
when current is being switched, A buffer amplifier
is used for each deflection winding (X, X', Y, Y").
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Centering (FEDM Figure 9008)

This circuit compensates for any misalignment of
CRT components that would cause the beam to devi-
ate from the center of the CRT face if equal currents
existed in both halves of either axis yoke winding
(particularly the electron gun). One circuit is

used for X-positioning and one circuit is used for
Y-positioning.

ASYNCHRONOUS DELAY CIRCUIT

General Description

The asynchronous delay circuits provide two sig-
nals: Deflection Complete (FEDM Figure 9013) and
Early Deflection Complete. The Deflection Com-
plete signal indicates, by a level shift from ground
to +3v, that the electron beam on the CRT is within
one spot size of the point to which it is moving. The
Early Deflection Complete signal is also a level
shift from ground to +3v, but it occurs before the
first signal (by a time interval depending upon the
positional change of the electron beam). This sig-
nal merely reduces the amount of light pileup at

the end of a vector by ultimately reducing the grid
drive during that period when the velocity of the
electron beam is low,

For both signals, the level shift from ground to
+3v is the only one of significance since it is nec-
essary to communicate to the digital control area
only the completion of the deflection operation. The
time at which a deflection starts is contained within
the digital control area, so that the corresponding
level shifts at the outputs of the asynchronous delay
circuit need not occur before approximately 5.9 us
after the start of deflection. This requirement
results from the use of a single-shot pulse that is
variable in duration between 6 and 7.25 us (meas-
ured from the start of a position change) to perform
the Deflection Complete operation for small position
changes of approximately 16 raster units or less.
Since small deflections are beneath the threshold
level of the asynchronous delay circuit, all such
deflections occur in the same length of time, as
determined by the single-shot pulse duration. A
deflection requiring a positioning time greater than
such duration, therefore, must produce a level shift
from the asynchronous delay circuit to signify that
deflection is not complete before the single-shot times
out. Otherwise, a new operation could begin before
the completion of the current operation,

Circuit Operation (FEDM Figure 9013)

The input to the agynchronous delay circuit is an
emitter-follower stage (to prevent loading of the
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driver circuit). The driver is a high-impedance cir-
cuit which OR's the negative-going yoke waveforms
and transmits the result to the asynchronous delay
and other circuits. In the chain producing the De-
flection Complete signal, the second stage operates
as a switch and a level detector. During the interval
in which the input voltage is more negative than a
specified value, transistor Q3 (Asynchronous Delay
II) conducts so that C2 charges positively with a
time constant (R12 + R38) C2. At the end of this
interval, Q3 turns off, and the capacitor discharges
with a time constant (R10 + R11 + R29) C2, The
total charge time plus discharge time is the deflec-
tion time,

The third stage is a switch sampling the voltage
across the timing capacitor C2. Since the emitter
voltage of Q2 in this stage establishes the quiescent
level for the voltage across C2, a voltage across
C2 more positive than this level indicates that a
charge/discharge cycle is in process, and Q2 is
turned off, At the conclusion of the charge/discharge
cycle, which corresponds to the completion of de-
flection, Q2 turns on. The resulting level shift is
transmitted by a level conversion circuit (Q1 stage)
and a driver stage (unloaded API module) to the
digital control area.

In the chain producing the Early Blank signal
(ALD PP021), the Q7 stage acts as a switch and a
level detector. During the interval in which the in-
put voltage is more negative than a specified value,
Q7 is on and supplies current to the emitter of Q6,
thus keeping Q6 on. Above a specified value, Q7 is
off; therefore, Q6 is off. This turn-off transition
produces the level shift that initiates the grid drive
reduction for minimizing light pileup.

The Q6 stage provides level conversion, and the
unloaded API module 2 provides the capability for
driving a transmission line with a standard SLT
termination in the digital control area.

An integral part of the asynchronous delay cir-
cuit is a Zener reference supply network. Three
voltages are provided: +30v Z, +6v Z, and -6v Z.
All are referenced to +36v. This is necessary be-
cause the yoke voltage waveforms are referenced to
+36v and because it is desirable to minimize the
effect of variation of the +36v, as well as the other
machine voltages, on the output of the circuit,

ISOLATION AND DYNAMIC INTENSITY

General Description

The isolation and dynamic intensity circuits are used
to correct for the intensity variations that occur on
character strokes and vectors as a result of the non-
constant velocity of the electron beam on the CRT.



Circuit Operation

The four inputs to the position isolation card (FEDM
Figure 9013) are obtained by sampling the voltage
across the 4-half axis of the push-pull main deflection
yoke, These voltage signals, which represent the
velocity of the CRT electron beam resulting from

the main deflection yoke, are OR'ed together and
applied to Q4 (FEDM Figure 9013), a common base
amplifier.

The four inputs to the character isolation card
(FEDM Figure 9018) are obtained by sampling the
voltage across the 4-half axis of the push-pull
character yoke. These voltages are OR'ed together
and applied to @4 (FEDM Figure 9018).

The signals from the character isolation card
and position isolation card are applied to the dynamic
intensity II cards (FEDM Figure 9014) and applied
to the CRT grid circuits through the blank-unblank
I card.

DC INTENSITY

General Description

The blank-unblank I card (FEDM Figure 9014) and
the blank-unblank II card (FEDM Figure 9015) con-
trol the dec blank-unblank levels for the CRT for
three modes of operation: Character Mode, Vector
Mode, and Point Plot mode. In the Character
mode, the CRT is unblanked to the ground level for
‘the duration of character stroke time.

In the Vector mode, the CRT is initially un-
blanked to the ground level; then, at a time deter-
mined by deflection distance, the unblank level is
dropped approximately 2v., This minimizes end-
point intensity pileup.

In the Point Plot mode, the CRT is unblanked
to the +15v level for less than one ps. This achieves
a greater spot intensity without sacrificing time.

Circuit Operation (FEDM Figures 9014 and 9015)

The dc intensity circuit is basically an on-off trans-
istor whose collector potential is modified, depending
- upon which mode of operation is being used. For
character operation, the unblank input is driven by
an unloaded TO3AD module whose up level is es~
tablished at the unblank input, This signal is level-
shifted down by 12CR4 (FEDM Figure 9015) and
driven into the base network of Q2 by emitter fol-
lower Q1. Potentiometer 31R9 is adjusted for
minimum turn-off time while still providing ade-
quate base current to ensure saturation of Q2 when
blanked. When Q2 is in saturation, approximately
-29v is applied to the grid of the CRT by emitter
follower @3, and the CRT is blanked. When Q2 is

cut off, approximately ground level is applied to the
grid of the CRT, causing the tube to be unblanked.

For Vector mode operation, unblanking is ac-
complished as in Character mode, When deflection
is nearly completed, however, a signal from an
unloaded TO3AD module is applied to the early blank
input, turning on Q5 (FEDM Figure 9015). This
modifies the unblank level that is applied to the CRT
and causes a decrease of intensity. This operation
reduces spot pileup at the end point of vectors.,

For the Point Plot mode of operation, a signal is
applied to the unblank input causing Q2 (FEDM Fig-
ure 9015) to be turned off, A signal from an unloaded
TO3AD module, however, is also applied to the point
plot input, causing Q4 to saturate, This causes the
unblank level at the collector of Q2 to reach approxi-
mately +15v, which allows points to be intensified
to a brightness comparable with that of the other
modes while minimizing intensification time,

CHARACTER OVERDRIVE
General Description (FEDM Figure 9009)

The character overdrive circuit provides for a
faster character-writing rate by decreasing the

yoke settling time between character positions. This
X-deflection overdrive is applied directly to the X
and X' main deflection yoke coils, which speeds up
main deflection and provides horizontal spacing
from one character to the next.

Circuit Operation

The spacing between character units is 14 raster
units, or 11,2 ma. The nominal yoke network time
constant is 2 us. This means that with a yoke cur-
rent change of 11.2 ma, a new character cannot be
written until at least 6 ps (allowing approximately
3 TC for the yoke to settle) after the start of posi-
tioning to a new spot on the face of the CRT,

The technique utilized to shorten the yoke settling
time is shown in FEDM Figure 9009, The current
required to position is 11.2 ma. To position in T
s rather than 6 us, an additional current (Al) is
added to the positioning current of 11.2 ma.

The time constant of the yoke remains the same,
but, with a larger current in the yoke network,
the yoke current reaches 11,2 ma sooner, After
reaching 11,2 ma in the yoke, the AI current must
be turned off, leaving only 11,2 ma flowing through
the yoke, The duration of time (T) that AI flows
depends upon circuit tolerances and is controlled by
adjusting the character position overdrive single-
shot (01BA3M6) between the limits of 2,2 us to 3,9
s,

Initially, 02CR1 (FEDM Figure 9009) in the left
switch of the schematic is back~biased, and the
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corresponding diode of the right switch is forward-
biased, Under this condition, 01CR1 in the left
switch is forward-biased, allowing current from
07R3 to flow through the buffer and left half of X-axis
yoke. The corresponding diode to 15CR1 in the right
switch is back-biased, prohibiting the current from
flowing in the right half of the X-axis yoke,

Upon application of complementary inputs to the
left and right switches, 02CR1 in the left switch is
forward-biased, and the corresponding diode in the
right switch is back-biased. In the left switch,
01CR1 becomes back-biased, and the corresponding
diode in the right switch is forward-biased.

The current (determined by resistor 07R3 or
06R3) that was flowing in the left-hand side of the
X-axis now flows in the right-hand side (X! axis)
for a period of T us, at which time the initial
conditions are re-established.,

Every time a spacing in the X direction is re-
quired for a character, the preceding operation
ocecurs,

DE-SKEW CIRCUIT

General Description

The purpose of the de-skew circuit is to provide a
short-circuit across the yoke for a short period
just before a positioning address change., This
short-circuit exists until all switches in the decoder
have resolved,

Without the de-skew switch, a change in posi-
tioning would be accompanied initially by a displace-
ment in the direction opposite to that desired. This
is because the switches turn off slower than they
turn on and, depending upon the magnitude of the
current controlled by each switch, because a lower-
order switch may add current to the side of the
yoke initially carrying a large current, The switch
controlling this current has not completely turned
off; therefore, an initial displacement in the wrong
direction may occur. In general, this skewing sig-
nal is due to the difference in settling times of the
switches. For the switches used, this time is less
than one us.

Circuit Operation

The transistors Q2 and Q3 (FEDM Figure 9012) are
initially off. Q1 and Q4 are the drivers for these
switch transistors. Complementary inputs are ap-
plied to the drivers from a direct-coupled inverter
(ALD PP021), The signal is ac-coupled to the base
of the switches, and 04C1 and 19C1 are determined
so that a full signal swing is initially applied to the
bases of Q2 and Q3, which are held off by I, cur-
rent through the base resistor from the emitter
supply of the switches.
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Before changing position (by changing levels to
the inputs of the decoder switches) Q3 and Q2 are
forward-biased, base-to-emitter, Very little
collector current flows because the diodes in the
collectors are back-biased (since the yoke voltage
is at its quiescent value). This dec value is greater
than the Q3 emitter signal and less than the Q2
emitter signal, When the decoder switch inputs are
changed, the voltage at the yoke increases for de-
creasing current and decreases for increasing cur-
rent, thereby forward-biasing the collector diodes
of Q3 and Q2. The change in current that would
ordinarily pass through the yoke is now shorted
through Q3 and Q2. The time constant of the yoke
is such that during the time Q3 and Q2 are shorting
the yoke the initial yoke current does not vary ap-
preciably. A second effect prevents a change in
positioning during the time Q3 and Q2 are on. If
the same current change appears in the same direc-
tion in each half of the yoke, no overall displacement
occurs. In other words, there must be a difference
in the current in the yoke windings to effect a change
in positioning. With both yoke halves shorted, the
initial current in both decreases. If the time con-
stants of the yoke halves are equal, then the small
current changes will have no effect on displacement
of the CRT beam. Less than 1 us after a position
change has been initiated, Q3 and Q2 are turned
off. By this time, the switches have settled, and
all current now goes through the yoke, giving the
position change,

VECTOR GENERATOR

General Description (FEDM Figures 9019 and 9020)

The function of the asynchronous vector graphic de-
flection system is to change the damping resistance
across each deflection yoke as a function of time
such that the voltage variations across the yoke are
held constant during beam deflection, resulting in
linear change of yoke current and straight-line de-
flection as the electron beam traverses the CRT face
at any angular displacement. The high-current
switches are employed to switch in and out differ-
ent damping resistances across the X and Y deflec-
tion yokes, resulting in a linear current change in -
each yoke, The rate of change of current is deter-
mined by the magnitude of the resistance switched
across the yokes.

Five high-current switch pairs are connected
across the X and Y deflection ybkes; these are
designated Bit-0, Bit-1, Bit-2, Bit-3, and Bit-4,
Bit-0 consists of two Bit-1 switch pairs connected
in parallel, Bit-0 possesses the highest current
switching capability and, therefore, switches the
smallest resistance across the yoke. Bit-4 has



the smallest current switch capability and the high-
est resistance,

A digital counter is set between beam movements
to a value representing the magnitude of the forth-
coming deflection on the CRT face by the X and Y
adders. This counter sets the high-current switch
pairs into operation, thereby determining the rate
at which current will change in the yokes. The
initial count set in the counter is proportional to
the magnitude of the largest component (X or Y) of
any vector, Consequently, a 10-raster unit change in
the Y-axis concurrent with a 1000~raster unit change
in the X-axis will require the same length of time
as a 1000-raster unit change in the Y-axis.

The counter is stepped down at the start of each
beam movement by pulses at a 400-kc rate, The
counter outputs drive the high~current switch pairs
and, thereby, cause the damping resistance across
the yokes to increase in a quantized manner from
the initially selected value to the critical yoke
damping resistance, The resistance across the
yoke, therefore, is changed every 2.5 us, causing
the voltage change across the yokes to be constant
during beam movement and, hence, during linear
deflection.

An emitter follower is used to provide sufficient
driving current and to perform buffer action between
the low-voltage digital outputs and the switch inputs.
The +30v reference supply absorbs the current flow-
ing out of the NPN switches in the high-current
switch pairs, while providing a fairly constant refer-
ence voltage.

High-Current Switch Pair Circuit Operation (FEDM
Figures 9019 and 9020)

Five high-current switch pairs in the vector gener-
ator are designated as Bit-0, Bit 1, Bit 2, Bit 3,
and Bit 4. Bit-0 consists of two Bit~1 switches
connected in parallel, Bit-0 has the highest cur-
rent rating, and Bit-4 has the least current rating.
Each bit has the same circuit configuration; there-
fore, the circuit operation of the five bits is identi-
cal, Only one of the switch pairs is described in
detail,

When the two complementary input pulses (FEDM
Figure 9019) from the counter are applied at the
base of switches Q1 and Q2 (via emitter followers
Q13 and Q19), the switches are turned on simul-
taneously. The current flows from the +36v supply -
through Q1, R91, CR3, and R3 to the Y' yoke if the
yoke is swinging lower than +33v, (The Y' yoke is
held at +33v in the steady state by the dc offset
circuitry.) If Y' yoke is swinging above +33v, the
current will flow out of Y' yoke through R3, CR7,
R92, and Q2 into the +30v supply. Also in series
with R3 is a potentiometer (FEDM Figure 9020),

The potentiometers shown in this figure are mounted
on the 01A1 potentiometer panel,

No matter which direction the current flows, the
Y' yoke will always see the damping resistance
R91, R3, and the 500-ohm potentiometer., (Note
that R91 and R92 are equal in resistance value.)
By similar action, the X, Y, and X' yokes will see
the damping resistance R6 and R91, R7 and R91, R5
and R91, respectively. By turning the switches on
and off, a yoke will see its damping resistance
change correspondingly.

Emitter Follower Operation (FEDM Figure 9019)

Emitter followers Q13 and Q19 are identical; there-
fore, only the operation of Q13 is explained here.
The input of the emitter follower is from the unloaded
collector of API, When the API is saturated, it ab-
sorbs about 30 ma from +6v through R43 and R79
and produces a base voltage of 1,38v at Q13, When
the API is turned off, no current flows into R79;
the base voltage of Q13 is determined by resistance
divider R43 and R49. Normally, the base voltage
of the emitter follower will swing from +4, 38v to
+1,38v,

Reference Voltage Supply Operation (FEDM Figure
9019)

Varying R105 will vary the base voltage of Q25, the
base voltage of Q26, and, hence, the emitter voltage
of Q27 (the reference voltage). Once the reference
voltage is set by R105, current surges will be ab-
sorbed by Q27, and the output voltage will remain
approximately constant referenced to the base of
Q26, which, in turn, is referenced to the base of
Q25 and the voltage divider network R104; R105,
and R106. The three 33-uf capacitors converted to.
+30v Z are used to limit the current surge,

CHARACTER GENERATOR

General Description

The analog circuitry for the character generator
provides digital-to-analog conversion for the char-
acter stroke data. Analog circuitry converts the
digital data into quantized current steps and applies
these current steps to-a high-speed magnetic writing
deflection yoke,

Circuit Operation (FEDM Figures 9016, 9017, and
9018)

The character yoke is operated in a push-pull man-
ner in both the horizontal (X) and vertical (Y) axes.
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Characters are formed by a series of strokes con-
necting intersections within an 8 x 8 grid. For
symmetry, most alphanumeric characters only
utlize a 7 x 8 grid (7 units wide by 8 units high),
The standard grid is nominally 0,12 inch wide and
0.16 inch high; the expanded grid is nominally 0. 16
inch by 0,24 inch, The grid requires three bits of
X data and three bits of Y data. Because of the
push-pull operation, simultaneous complementary
inputs are required., The input data (FEDM Figure
9016) switches high-speed drivers, which allows
current to flow (or prevent the flow) through pre-
cision resistors. These currents are summed
through buffer transistors and, then, passed through
the yoke to produce the required deflection of the
CRT beam, The amount of current flowing through
the precision resistors is determined by the refer-
ence supply voltage (FEDM Figure 9017) applied to
the bases of the buffer transistors. The buffer
reference supply is Zener-regulated to protect

the high-speed drivers (+9v is maximum allowable
potential). ‘

To obtain two sizes of characters, the output
voltage of the emitter followers Q1 and Q2 (FEDM
Figure 9017) are switched between two levels to
drive buffer bases (J4B09 and J4B04). The charac-
ter size input, J5B10, switches the SLT driver,
which is saturated when in expanded mode, and
turns on transistor Q3, which is used as a shunting
switch, The X-character size and Y-character size
potentiometers are used to obtain nominal-size
characters, The output potential is determined by
the wiper of the potentiometer, and the buffer base
drive is supplied by the emitter follower.

Variable damping resistors, R36, R37, R38,
and R39 in the yoke circuit (FEDM Figure 9018) en-
able critical damping of each half axis, The yoke
leads are returned to +36v through resistor R9.
The potential drop across this resistor is required
for proper operation of the character intensity
sampling circuitry.

The X and X' buffers and drivers are shown in
FEDM Figure 9016, Resistors R28, R29, R30,
and R31 provide a small current to keep buffer
transistors active at all times. The U03AD driver
consists of a high-speed A01-10 module with an un~
loaded output collector. Appropriate precision
resistors provide binarily weighted currents.

DC OFFSET CORRECTION (FEDM Figure 9010)
General Description

The dc offset correction circuit, by varying the
yoke buffer transistor's collector supply as a func-
tion .of display position, corrects for dc offset error
voltage. Refer to paragraph entitled ""DC Offset
Correction" (Chapter 3),
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Circuit Operation

Referring to FEDM Figure 9011, assume that

800 ma is necessary for full deflection and that the
dc resistance of the yoke is equal to 2 ohms. When
the electron beam is positioned at the center of the
tube, equal currents (400 ma) flow through X and
X' yoke coils, and the X and X' buffer transistor
collectors (Ql and Q2) are at the same dc potential,
If the position register is changed such that the
electron beam is positioned to the extreme left, it
causes a 400-ma decrease in the X coil and a 400-
ma increase in the X' coil. This current change
through the fixed de resistance of yokes X and X'
attempts to shift the dc level at Q1 and Q2 by 1v,
However, the main position register, which caused
this change in the deflection amplifier, also con-
trols digital-to-analog decoder Q1 through Q8 in
the dc offset circuit (FEDM Figure 9010),

By appropriately weighting the digital-to-analog
resistors (19R6, 15R4, 16R5, 03R2, and 04R2,
FEDM Figure 9010), a current change is caused
at the collector of buffer transistors Q9 and Q10,
causing a 1v level shift, This shift is applied to
the configuration of Q11, Q12, Q13, and Q14, which
then results in a net change of 0v at the collectors
of Q1 and Q2 (FEDM Figure 9011),

As indicated in FEDM Figure 9011, similar dc.
offset correction circuits are utilized in the Y and
Y' deflection yoke returns.

YOKE CLAMP CIRCUITS (FEDM Figure 9021)

General Description

The yoke clamp circuits protect the yoke driver
circuit from possible damage by the large inductive
voltages generated from rapid current changes in
the yoke, The clamp circuits also prevent the yoke
driver circuit from entering the saturation region
of operation, The "up'’ level and '"down'' level yoke
clamp circuits are shown in FEDM Figure 9021,

Circuit Operation

Each input to the '"down' level clamp circuit is con-
nected to one of the inputs to the '"up'' level clamp
circuit (FEDM Figure 9021), In effect, therefore,.
four sets of inputs are provided. Each set is con-
nected to one of four inputs formed by the junction
of a yoke and the collector of the yoke driver trans-
istor, i

In the "down'' level clamp circuit, Zener diode
VRI1 establishes the desired voltage level at the
base of Q2. This level, reduced by the base-emitter
voltage drops across Q2 and Q1 and by the voltage
drop across the isolation diodes that are in con-
duction (CR1, CR2, CR3, or CR4), appears at the



input points corresponding to those diodes, The
level thus obtained is chosen to keep the yoke driver
transistor out of saturation, Diode conduction oc-
curs if the application of a current change to the yoke
is of sufficient magnitude to produce a voltage drop
across the yoke and lower the collector potential of
the driver transistor below the reference level set
by VR1. At any time, no more than two of the four
isolation diodes are conducting: one as a result of
an X-axis current change, the other as a result of

a Y-axis current change. The direction of the cur-
rent change determines the diode that conducts in
each pair associated with a given axis, Transistors
Q2 and Q1 are connected in a configuration that pro-
vides the needed current gain and low output im-
pedance,

In the 'up' level clamp circuit, VR2 establishes
the maximum positive ]g/el that can appear at the
collector of the yoke driver transistor during the
application of a current change to the yoke, As in
the ""down' level clamp circuit, no more than two
of the four isolation diodes are conducting at any
given time,

Since the deflection system operates in a push-
pull arrangement, two of the four diodes associated
with a given axis will conduct upon application of a
sufficiently large current change to the yoke for that
axis, One of the diodes is in the "up" level clamp
circuit, and the other is in the "down" level clamp
circuit. For example, a positive current change in
X results in conduction of CR1 and CR6, as CR2
and CR5 remain reverse-biased. The opposite
holds true for a negative current change in X,

LIGHT PEN AMPLIFIER (With Light Pen Feature)

General Description

The light-pen amplifier accepts ac signals provided
by the light pen assembly, filters unwanted signals,
provides amplification for the signals detected from
the CRT phosphor, and performs shaping of the
signal to drive SLT logic.

Circuit Operation (FEDM Figure 9022)

The input circuitry rejects low-irequency signals
such as those caused by ambient lighting, Transis-
tor Q2 is operated so that input noise common to
ground will be cancelled, Transistors Q3 and Q4
provide additional signal amplification, The LP
GAIN potentiometer is provided to adjust for proper
noise rejection. The potentiometer is adjusted so
that transistor Q5 is in cut-off and will not be turned
on by noise signals. A detected signal will have suf-
ficient amplitude to turn on and saturate transistor

Form Y27-2043-0
FES Y27-2130

Q5. The time constant of the output pulse is de-
termined by C6 and R18, The output pulse is then
independent of the width of the input signal,

VR1 supplies a nominal 10v reference supply for
the amplifier and, also, for the pen assembly.

The Common mode input allows Q1 and Q2 to
balance out noise picked up on the light-pen cable.
R1 provides base current for Q1 and approximates
the impedance of the input line at signal frequencies,
The signal input depends upon the output of the
light-pen assembly and may vary from 0v to several
hundred millivolts. The Common Mode signal is
present only during line noise and has an equal
counterpart on the normal signal input line.

LIGHT PEN AMPLIFIER (With Graphic Design
Feature)

General Description

The flexible cable attached to the light pen is
vinyl-covered. It is approximately 3 feet long and
contains approximately 1000 flexible light fibers,
each 0,003 inch in diameter. In addition to two
fiber optic bundles, the cable contains two wires
that provide electrical connections between the tip
switch and relay K10. A metal sheath is placed
between the fiber bundle and the vinyl covering,
primarily to protect the fibers.

A light source on the amplifier card transmits
light to the nose of the pen through two small fiber
bundles. This light, when placed next to the face
of the CRT, provides two aiming dots to indicate
the pen's field of vision. The light-pen amplifier
system then transfers an input of light from the
face of the CRT, through the main fiber bundle,
to the amplifier card. The card circuitry trans-
forms the input of light to an electrical pulse,

Circuit Operation

The main fiber optic bundle transfers light pulses
from the face of the CRT to a photo diode (FEDM
Figure 9022 GDF). The photo diode converts the
light pulses into electrical pulses which are amp-
lified by C1. C1 and the input impedance of T2
form a differentiator circuit which rejects low
frequencies and increases the rise times of the
pulses, The pulses are further amplified in stages
T2 and T3. In T2 stage, the pulses are peaked by
means of L2,

Transistors T4 and T5 form a level-setting cir-
cuit which is normally biased off, Transistor T4
is turned on by a negative-going pulse which turns
on T5, With T5 on, an output pulse drives two
SLT modules: an API module mounted on the

2250-1 FETOM (6/67) Cc-7
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amplifier card and an AOI module mounted in the
analog gate.

Diodes CR2 and CR3 supply nominal reference
voltages of 10v and 4v, respectively, for the ampli-
fier system. The aiming light provides a source of
light for the aiming dots. Resistors are used to
drop the voltage to 2,7v across the aiming light,

ARC-PROTECTION

General Description

The arc-protection circuit provides an‘emitter
follower to drive the CRT grid from the blanking
control circuitry., It also acts as a buffer to isolate
the blanking control circuitry should internal CRT
arcing occur. The circuit provides a current sink
for the arc, therby protecting the blanking control
circuitry,

An additional function of the circuit is to sense
for an excessive positive potential at the grid of the
CRT which could result in phosphor burning. I
compensates for this excessive potential by return-
ing,’the cathode to a more-positive potential, Pro-
tection is thus provided for both the blanking control
circuitry and the CRT.

Cc-8  (6/67)

Circuit Operation

Q1 is operated as an emitter follower, providing
the grid drive. (Refer to FEDM Figure 9024.)
Normal voltage levels applied to the grid are ap-
proximately -30v for blanking and Ov for unblanking.
When the CRT is unblanked, an ac signal component
could bring the grid potential to +20v. Q3 is nor-
mally saturated, resulting in a potential at the
cathode of between +20v and +30v, depending on the
setting of the potentiometer. When the potential at
the emitter of Q1 is below +22v (normal condition),
Q2 will be in cutoff. When this potential exceeds +31v,
Q2 will become saturated. This results in Q3 being
turned off, and the cathode potential rises to +80v.
%, Should internal CRT arcing to the grid occur,
R4 and R5 serve to limit the current. For arcs of
sufficient magnitude, a current sink is provided by
CR1 and the base-collector junction of Q1. With
the base of Q1 clamped to the +36v supply, the
amount of current flowing into the blanking control
circuitry is limited by R2.

FEDM Figure 9024 also shows the component
layout of the arc-protection circuit.



APPENDIX D. CHARACTER GENERATION AND ANALYSIS DATA

Stroke Sequence Stroke Sequence
Character Character
Code u/B-0 Code U/B-0
Character | 01234567 | End Point | B-1 X1y Character | 01234567 | End Point | B-1 X Y
A 11000001 0 317 H 11001000 0 0| 7
0 610 1 0 4
1 512 0 6 4
1 0 12 1 6 | 7
1 0 6 | o
B 11000010 0 017
0 417 I 11001001 1 210
0 615 0 4 1o
0 013 1 3]0
1 3|4 0 3|7
0 6|2 1 2 7
0 410 1 0 4 Z
1 0 010 J 11010001 1 0 | 1
0 1 0
C 11000011 1 6|1 0 4 | o
0 310 0 5 1
0 111 1 0 5 |7
0 013
0 04 K 11010010 0 0| 7
0 116 1 6 7
0 3 (7 0 0 3
1 0 6|6 1 0 6 |0
D 11000100 0 0|7 L 11010011 1 0|7
0 3 (7 0 0 0
0 516 1 6 0
0 6 | 4
0 6|3 M 11010100 0 0|7
0 S 0 3 | 4
0 310 0 6 | 7
1 0 0}0 1 0 6 |0
E 11000101 0 0|7 N 11010101 0 0 7
0 6|7 0 6 0
1 513 1 6
0 013
! 0|0 o} 11010110 1 1 |o
1 0 610 0 0 1
0 0 |6
F 11000110 0 07 0 1 7
0 6|7 0 5 7
1 514 0 6 6
1 0 0|4 0 6 1
0 5 10
G 11000111 1 3|3 1 0 0o | o0
0 613
0 610 P 11010111 0 0 {7
0 210 0 4 7
0 012 0 6 |5
0 05 0 4 |3
0 2 |7 1 0 0 |3
0 5|7
1 0 6|6

Figure D~1. Character Generation Data (Sheet 1 of 4)
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Stroke Sequence

Stroke Sequence
Character
Code u/B-0
Character | 01234567 | End Point | B-1 XY
Q 11011000 1 -2 |1
0 0|4
0 2 (7
0 4 |7
0 6| 4
0 4 1
0 211
1 314
1 0 6|0
R 11011001 0 0|7
0 517
0 6| 6
0 6|5
0 5|4
0 0| 4
1 2|4
1 0 610
s 11100010 1 ol
0 4 {0
0 6+ 1
0 612
0 05
0 0| 6}
0 217
1 0 6|6
T 11100011 1 0]7
0 617
1 317
1 0 3|0
U 11100100 1 07
0 02
0 110
0 510
0 6| 2
1 0 6|7
Y/ 11100101 1 0|7
0 310
1 0 617
w 11100110 1 017
0 110
0 1315
0 510
1 0 617

Character
" Code uU/B-0

Character 01234567 | End Point | B-1 X ¥
X 11100111 0 6 7
1 0o} 7
1 0 6 | af

Y 11101000 1 0 7
0 3 3

0 6 7

1 3 3

1 0 3 o

Z 11101001 1 0 7
0 6 7

0 0 0

1 0 6 [¢]

0 11110000 1 0 2
0 0] 5

0 3 7

0 6 5

0 6 2

0 3 0

0 0 2

1 3 4

1 0 3 4

1 11110001 1 2 5
0 4 7

1 0 4 0

2 11110010 1 0 5
0 3 7

0 5 7

0 6 5

0 0 0

1 0 6 0

3 11110011 1 0 1
0 1 0

0 4 0

0 6 2

0 3 4

0 5 7

] 0 1 7

4 11110100 1 5 0
: 0 5 7

\ 1 3|7

0 0 3

1 0 6 3

Figure D-1. Character Generation Data (Sheet 2 of 4)
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Stroke Sequence

Stroke Sequence
Character
Code u/B-0

Character | 01234567 | End Point | B-1 X1y
5 11110101 0 4 (0
0 6| 2
0 6| 3
0 5| 4
0 013
0 047
1 0 6|7
6 11110110 1 2|7
0 112
0 210
0 410
0 512
0 413
1 0 112
7 1101 1 0|7
0 517
1 410
8 11111000 1 6| 2
0 510
0 110
0 0] 2
0 6|5
0 517
0 117
0 01| 5
1 0 6] 2
9 11111001 1 515
0 2| 4
0 115
0 2|7
0 417
0 5[5
1 0 410
+ 01001110 1 0! 3
0 6|3
1 3|6
1 0 310
- 01100000 1 03
1 0 6|3
= 01111110 1 0|5
0 6|5
1 0] 2
| 1 0 6|2

Figure D-1. Character Generation Data (Sheet 3 of 4)

Character

Code u/B-0
Character 01234567 | Fnd Point | B-1 X Y
" 011111 1 "2 4
0 2 7
1 5 7
1 0 5 4
/ 01100001 1 0 0
1 0 5 7
. 01001011 1 3 0
0 3 0
1 0 3 0
. 01101011 1 2 0
0 3 2
1 0 3 3
01111010 1 3 0
0 3 0
0 3 0
1 3 4
0 3 4
1 0 3 4
* 01011100 1 3 2
0 3 7
1 6 6
0 0 3
1 0 6
1 0 6 3
# 01111011 1 0| 5
0 6 5
1 6 3
0 0 3
1 1 1
0 2 7
1 5 7
1 0 4 1
! 01011010 1 3 2
0 3 7
0 4 7
0 3 2
1 3 0
0 3 0
1 0 3 0

2250-1 FETOM
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Stroke Sequence

Character
Code u/B-0
Character | 01234567 | End Point | B-1 X1y
01101101 1 0 0
- 1 0 6 |0
& 01010000 1 6 2
0 4 0
0 1 0
0 0 1
0 4 6
0 3 7
0 2 7
0 1 6
| 0 6 0
01011110 1 3 4
0 3 4
0 3 4
1 3 2
1 0 2 0
—/ 010111 1 0 4
0 [} 4
1 0 6 2
0100111 1 2 7
N 1 0 3 0
$ 0101101 1 1 1
0 5 1
0 ) 3
0 0 4
0. ] 6
0 5 6
1 3 7
1 0 3 0
@ 01111100 1 4 2
0 4 4
0 2 | 2
0 4 2
0 6 4
0 3 71
0 0 4
0 0 1
1 0 4 0
Cursor 0 6 0
0 0 0
0 6 0
0 010
0 6 0
1 0 0 0
space 01000000

Stroke Sequence
Character
Code u/B-0

Character 01234567 | End Point | B-1 XY
% 01101100 0 517
1 116
0 0|6
0 0[5
0 116
1 5|1
0 411
0 5|2
1 0 5|1
? 01101111 1 116
0 317
0 516
0 515
0 313
0 312
1 3]0
0 310
1 0 310
( 01001101 1 4 7
0 3|6
0 2| 4
0 2|3
0 31
1 0 410
) 01011101 1 217
0 316
0 4| 4
0 413
0 311
1 0 210
! 01111101 1 34
1. 0 317
> 01101110 0 613
1 0 016
< 01001100 1 6|6
0 0|3
1 0 610
¢ 01001010 1 512
0 312
0 113
0 115
0 316
0 5|6
1 4|7
1 0 3|1

Figure D-1. Character Generation Data (Sheet 4 of 4)
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Decoder

Character

Stroke
Number

Character
Analysis ALD

Decoder

Character

Stroke

Character
Analysis ALD

Decoder
Out 1
MDO031

A

BWN -

CGl141-2A
CG201-2F
CGI181-5L
CG071-2G

ONOCOL AR WN—

CG041-3C
CG171-2D
CG241-2C
CG021-2D
CGI31-5E
CG221-2F
CG151-2)
CGO11-6E

WNOO A WN —

CG201-2E
CGI111-2A
CG071-5K
CGO021-2E
CGO031-2F
CG071-2M
CGl41-2L
CG241-4L

ONOO A WN —

CG041-3D
CG141-28
CGl191-4M
CG231-2)
CG231-2F
CG181-2C
CGI111-2H
CGO11-6F

oA WN ~

CGO041-3E
CG251-28
CG181-5M
CGO021-2F
CGO11-6C
CG211-4J

BWN -~

CG041-3F

CG251-2C
CG181-5N
CGO031-2A

NV ONOOVAEWN —~

CGI121-5L
CG231-28
CG201-2K
CG081-2G
CGO11-6N
CGO031-4K
CG101-2E
CG191-2A
CG241-4N

Decoder
Out 2
MDO041

H

Number

A wN—

CG041-3G
CGO031-3C
CG231-2H
CG241-2)

CG211-4H

LA WN —

CG081-2K
CG151-2D
CGl101-2)
CG141-2H
CG091-2J
CG171-4K

Cent

ONOGHEWN —

CG181-5K
CG121-5E
CG061-2K
CG081-2E
CG131-5L
CG91-4K
CG171-4L
CG101-4L

Period

W N —

CG101-2L
CGli1-2C
CGI111-5G

Less
Than

WN =

CG231-5L
CG021-2A
CG211-28

Left
Paren

OO WN —

CG171-4M
CGI131-5M
CGO091-2L

CGO091-4M
CGI121-2A
CG161-4G

Plus

BWN —~

CG021-2L
CG231-2C
CGIl31-2Mm
CG111-5J

Vert
Bar

N =

CG091-2H
CGI111-5F

Decoder
Out 3
MDO051

And

NV ONOU A WN ~

CG221-5)
CG151-2B
CG061-2D
CGO11-2E
CGI151-2N
CG041-2J
CG101-2G
CG071-2N
CG211-2M

Figure D-2. Character Analysis Locating Chart (Sheet 1 of 4)
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Decoder

Character

Stroke
Number

Character
Analysis ALD

Decoder

Character

Stroke
Number

Character
Analysis ALD

Decoder
Out 3
MDO051

J

s wWwN —~

CGO011-2J
CG061-2A
CG151-2E
CGisi-28
CG201-2D

HLON—

CGO041-3H
CG241-2K
CG021-2B
CG211-4E

W —

CGO051-28

CG211-2D

B WN ~—~

CGO041-3J
CG131-2M
CG251-2F
CG211-4F

WN —

CGO041-3K
CG201-2G
CG251-2H

WO NN A WN —

CGO061-2H
CGO11-2D
CG051-5M
CGO081-2A
CGI91-2F

CG231-5N
CG201-2N
CG171-2)

A wWwN —

CG041-3L
CG171-2¢C
CG241-2D
CGl61-2B
CG021-2K

Decoder
Out 4
MDO061

VoONOTOL A WN—

CG091-28
CGO031-2D
CG101-28
CGI171-2F
CG231-2K
CG161-4D
CGO091-2A
CG131-5C
CG211-2L

Decoder
Out 4
MDO061

R

@ N O~

CGO031-2G
CG091-2D
CG211-2A

Exclam
Mark

NO O A WN —

CG121-2C
CG141-2E
CG171-2E
CG121-5F
CG101-2K
CGl111-2G
CGI111-5K

Dollar

ONOUNHAWN —~

CG071-2B
CG181-2A
CG231-2E
CGO031-2E
CG071-2L
CG191-4L
CG151-5M
CG111-5L

Asterisk

OOV WN —

CG121-2D
CG141-2D
CG231-5K
CG021-2H
CG041-2A
CG221-2)

Right

Paren

oW —

CGO091-2F
CGI131-5N
CG161-2K
CGlé1-2C
CGI121-28
CG081-2M

Semico

A wWwN ~

CG131-5A
CG131-2J
CG131-2K
CG121-2E
CGO081-2L

Negote

WN —

CG031-38
CG231-2G
CG221-5L

O A WN -

CG041-3M
CGIi91-2D
CG231-5M
CG241-2F

CGI181-5H

.Decoder
Out 5
MDO71

Minus

—

CG021-2M
CG221-2G

Slant

p—

CGO11-6B
CG201-2C

p—

CGO11-2K
CG151-2C
CG201-2M

Figure D-2. Character Analysis Locating Chart (Sheet 2 of 4)
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| Decoder

Character

Stroke
Number

Character
Analysis ALD

Decoder

Character

Stroke
Number

Character
Analysis ALD

Decoder
Out 5
MDO071

S

0NN

CG221-2A
CG031-4J
CGO051-5N
CG101-2F
CG241-4M

BN -

CGO051-2C
CG251-2D
CGI151-5K
CGl111-5H

OB WN —~

CGO051-2D
CGO11-6K
CGO061~2E
CG171-2K
CG221-2D
CG251-2L

WN —

CGO051-2E
CG111-28
CG251-2J

Decoder
Out 6
MDO081

Percent

8
9

CG181-5G
CGI181-2E

Underscore

1

CGO11-6A
CG211-2N

Greater
Than

N —

CG231-2A
CG041-2B

Question

Mark

NVWONOLBAWN -~

CGO071-4H
CGH41-2F
CGI191-4N
CG181-2F
CGI121-2K
CGI121-5G
CGI101-2H
CG111-2J
CGli1-5M

QAW -

CGO051-2F
CGO061-28
CG131-2L
CGI171-2L
CG251-2K

WN —

CG251-2A
CGO051-2J
CG211-2C

Decoder
Qut 6
MDO081

O HhwNn —

CGO051-2G
CcGI121-2)

CG251-2G
CGI121-5M
CGI111-5N

Bw N —

CGO051-2H
CG251-2E

ce2n

Comma

wWN

CG081-2J
CGI121-5H

CG121-5N

Percent

NO G A wWwhN—

CG191-2)
CG071-4)
CGO051-5L
CGO031-4H
CGO071-2K
CG161-4C
CGl161-4E

Decoder
Out 7
MDO091

Zero

NV WONOL B WN =

CGO11-3F
CG031-4G
CGl41-2G
CG241-2G
CG221-2E
CGNI1-2F
CGOl11-6M
CGI131-5D
CGI141-4N

One

W N -

CGO091-2E
CG171-28
CG161-4H

Two

NG WN —

CGO031-2L
CG141-2C
CG191-2E
CG241-2H

CG211-2K

Three

NO O AW —

CGO11-2H
CG061-2C
CGI151-2F
CG221-2B
CG131-2F
CG191-2G
CG081-2C

Four

G W N -

CG171-4N
CGI191-2C
CGI151-5L

CG021-2G
CG221-2H

Figure D-2. Character Analysis Locating Chart (Sheet 3 of 4)
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Decoder

Character

Stroke
Number

Character
Analysis ALD

Decoder
Out 7
MDO09%1

Five

NG Hh W —

CG151-2A
CG221-2C
CG231-2D
CG181-5J

CG021-2C
CG041-3N
CG251-2M

Decoder

Character

Stroke
Number

Character
Analysis ALD

Decoder
Out 6
MDO081

Six

NOOGOhAWN —

CG091-2G
CGO071-4E
CGO081-2F
CG151-2H
CGI181-5F
CGl161-2D
CGO071-2F

Seven

N —

w

CGO051-2A
CG191-28
CG1é61-4)

Decoder
Out 8
MD101

Eight

NV ONOOLAEWN —

CG221-5H
CGI171-2H
CGO061-2F
CGO11-6L
CG241-2E
CGI91-2H
CG081-28
CGO031-4L
CG221-5N

Nine

NO O A WN —

CG191-4)

CG091-2M
CG081-2D
CG101-2C
CG171-2G
CG181-2G
CG161-4F

Decoder
Out 8
MDI101

Figure D-2. Character Analysis Locating Chart (Sheet 4 of 4)
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Colon

O WN -

CGl101-2M
CG111-2D
CG111-2E
CG131-58
CGIl31-2G
CG141-4M

Pound

At

CGO031-2M
CG241-2A
CG221-5K
CG021-2J

CG071-2D
CG101-2D
CG201-28

CG161-2M

NVONOCCLPEPWN= ONOUIEAEWN —

CG161-2E
CGl161-2L
CG091-2K
CG161-2A
CG231-2L
CGl141-2K
CGO031-2H
CGO11-2F
CG161-4K

Apostrophe

N —

CG131-5F
CG151-5N

Equals

BWN —~

CGO031-2N
CG241-2B

CGO011-3G
CG221-5M

Quot Mark

ArON—~

CG091-2C
CG101-2A
CG201-2A
CG191-4H




A register 2-5

Absolute vector graphics 4-19

AC power source 5-2

AC to DC conversion 5-3

Add X indicators B-2

Add Y indicators B-2

Alphanumeric keyboard 4-6, 4-7
Alphanumeric keyboard buffer entry 4-8
Alphanumeric keyboard controls B-2
Alphanumeric keyboard direct entry 4-8
Analog controls indicators B-2

Analog potentiometer panel B-4
Arc-protection circuit C-8

Assembly register 2-5

Asynchronous delay 3-19

Asynchronous delay potentiometer B-4

Asynchronous delay timing 3-19

B register 2-4

Basic controls indicators B-3
Basic controls mode indicator B-3
Basic operation 1-1

Bit A assembly register indicator B-3
Blank-unblank 3-19

Block diagram 1-2

Brightness control B-5

Buffer 4-1

Buffer address counter 2-7

Buffer address counter indicators B-2
Buffer address register 2-6

Buffer address switches B-4

Buffer amplifiers C-1

Buffer controls indicators B-2
Buffer cycle timing 3-7

Buffer regeneration 3-13

Buffer regeneration timing 3-7
Buffer storage A-1

Buffer switch B-1

Bus out switches B-1

Bypass check stop switch B-1

Byte counter 2-6

Byte counter indicators B-3

Cancel indicator B-2
CE panel B-1
CE panel controls B-1
CE panel indicators B-1
Centering C-2
Character analysis locating chart D-5
Character contrast B-5
Character damping B-4
Character decoding:
Stroke counter 4-4
Stroke register 4-5
Stroke timer 4-4
Character deflection control 3-19

Character generation data D-1
Character generator 4-3, C-1, C-5
Character mode 1-8
Character mode operations 3-15
Character overdrive C-3
Character size potentiometer B-4
Characteristics, unit A-1
Command decoder outputs indicators B-3
Command operation:

Control class 3-8

Read class 3-11

Sense class 3-12

Write class 3-9
Command register 2-5
Command register indicators B-3
Command validation 3-4
Commands 1-4
Connect indicators B-2
Constant-current sources C-1
Continue switch B-1
Control mode 1-7
Controls, CE panel B-1
Counter 2-6
CRT intensify switch B-4
Cursor indicators B-2
Cursor operation 3-15

Data flow (GDF) 4-24
Data operation, load control sequence 3-13
Data operation, with cursor 3-14
DC intensity C-3
DC module 5-3
DC offset correction 3-18, C-6
DC offset potentiometers B-4
Decoding 3-18
Deflection control:
Asynchronous delay 3-19
Blank-unblank 3-19
DC offset correction 3-18
Decoding 3-18
De-skew correction 3-18
Dynamic intensity 3-18
Main deflection control 3-17
Deflection indicators B-3
De-skew circuit C-4
De-skew correction 3-18
Digital character controls indicators B-2
Digital to analog conversion 3-17
Digital to analog decoding:
Buffer amplifiers C-1
Centering C-2
Constant-current sources C-1
Gain control circuit C-1
High~order bit decode switches C-1
Low-order bit decode switches C-1
Reference voltage inverter driver C-1

Form Y27-2043-0
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Form Y27-2043-0
FES Y27-2176

Dimensions A-1

Disable Light Pen Detect order (GDF) 4-21, 4-26

Display characteristics 1-1, A-1
Dynamic intensity 3-18

Enable no switch detect (GDF) 4-21, 4-25

Enable switch detect (GDF) 4-21, 4-25
Ending sequence 3-3
Ending status 1-9
Enter switch B-1
Environment requifements A=1
EOM indicator B-2
Error conditions:
Hardware 1-10
Interface 1-10

Even count data indicator B-1

Feature enable switch B-1
Fifth timing period 3-6
First timing period 3-5
Fourth timing period 3-6

Gain control circuit C-1

GDF data flow 4-24

GDF disable LP detect 4-21, 4-26
GDF enable no switch detect 4-21, 4-25
GDF enable switch detect 4-21, 4-25
GDF incremental orders 4-20, 4-25
GDF light pen amplifier C-7

GDF transfer on no detect 4-22, 4-26
Generator timing  2-1

Graphic design feature 4-19

Graphic mode 1-8, 3-15

High-order bit decode switches €-1
High=voltage power supply 5-3

1/0 interface 3-1
Incremental graphic orders (GDF) 4-20
Indicator test B-1
Indicators, CE panel B-1
Initial selection sequence 3-1, 3-2
Initial status information 1-9
Insert cursor/remove cursor 3~9
Interface error conditions 1-10
Interface in indicators B-3
Interface out indicators B-3
Interface sequence control:
Ending sequence 3-3, 3~4
Initial selection sequence 3-1
Service cycle sequence 32
Interface switches B-1
Interface timing control
Fifth timing period 3-6
First timing period 3-5
Fourth timing period 3-6
Second timing period 3-5
Third timing period 3-6

X-2 (1/68)

Interrupt conditions:
Status and sense combinations 1-9
Status information 1-8
Isolation and dynamic intensity C-2
Isolation Feature 4-35

Jump indicator B-2

Light pen:
Amplifier with GDF C-7
Amplifier with light pen feature C-7
Control  4-17
Detect, buffer entry 4-17
Detect, direct entry 4-19

Light pen indicators B-2

Line or vector contrast B-5

Load control sequence 3-13

Load counter 2-7

Load counter indicators B-2

Load select B-1

Low-order bit decode switches C-1

LP elign switch B-4

LP gain potentiometer B-4

Machine reset switch B-4
Main-auxiliary switch B-4
Main deflection control 3-17
Manual inputs indicators B-2
Marginal checking 5-4

MC search 3-14

Metering panel B-5, B-6
Mode code search B-1

Operator control panel 4-1
Orders:
Character mode 1-8
Control mode 1-7
Graphic mode 1-8

Position damping potentiometer B-4
Potentiometer panel B-4
Power distribution 5-4
Power off sequence 5-3
Power on sequence 5-3
Power requirements A-1
Power supplies:
3, 6, 12, and 36 volt 5-1
6.3 volt 5-1
24 volt 5-1
40 volt 5-1
Front view 5-1
Panel B-7
Rear view 5-2
Program function keyboard:
Control 4-2
Data entry 4-3
Encoding chart 4-2
Indicator lighting 4-3
Program function keyboard indicators B-2



Read buffer switch B-1
Read class commands:

Read Buffer 3-11

Read Cursor 3-11

Read Manual inputs 3-12

Read X-Y Position Registers 3-12
Reference voltage inverter driver C-1
Regenerate controls indicators B-1
Regeneration switch B-4
Registers:

A register 2-5

Assembly register

B register 2-4

Buffer address 2-6

Command 2-5

Sense 2-6

Status 2-5

X and Y deflection 2-5
Remember indicators B-3
Repeat character switch B-1

Second timing period, interface 3-5
Sense byte O indicators B-5, B-6
Sense byte 1 indicators B-3
Sense class commands:
Sense 3-13
Test I/O 3-13
Sense register 2-6
Service cycle sequences 3-2, 3-3, 3-4
Set address switch B-4
Set buffer address and start/stop 3-8
Set mode indicators B-1
Set program function keyboard indicators
Set service request indicator B-3
Single mode switch B-1
Single step switch B-1
Single stroke switch B-1
Size B indicator B-2
SM search 3-14
Standard interface lines 3-1
Status byte indicators B-3
Status information 1-8
Status register 2-5
Stop indicator B-1

3-9
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Stop sync indicator B-1
STR indicators B-3
Stroke counter 4-4
Stroke register 4-5
Stroke timer 4-4
Switched indicators B-3

Third timing period 3-6

Timing generation 2-1

Timing pulse distributor indicators B-3

Timing pulse functions 2-2

Timing sequences 3-6

TPD mode switch B-1

TPD summaries of ANKB operations:
Advance into new line 4-12
Advance into SM  4-13
Backspace cursor into mode code 4-15
Backspace cursor into NL character 4-15
Backspace cursor to prior character 4-14
Jump operation 4-16
Key entry advance C-bit into next character 4-16A
Key entry advance C-bit into NL 4-16B
Key entry advance C-bit into SM  4-16C
Normal advance kev operation 4-11

Typical display areas 4-7

Under-tube housing panel B-4, B-5

Vector generator operation:
Emitter follower C-5
High-current switch pair C-5
Reference voltage supply C-5

Wait 1 indicator B-3

Weight A-1

Write class commands:
Write Buffer 3-10
Write Direct 3-10

Write direct timing 3-6

X and Y deflection register 2-5

X position potentiometers B-4

Y position potentiometers B-4
Yoke clamp circuits C-6

2250-1 FETOM  (1/68)
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