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Part 1
Theory of Operation



Preliminary
Theory of Operation

This section provides general and specific information on 11401 Digitizing Oscilloscope
circuitry. The dircuitry is grouped into functionally named modules that correspond to a specific
circuit board (e.g., Main Processor or CRT Driver boards). In some cases, however, only the
circuitry related to that board's function is discussed within that subsection.

The General System Description is presented first. This outlines the Digitizing Oscilloscope
mainframe and describes instrument functions at a system level. Next is a Detailed System
Description that divides each board into functional blocks. When reading these descriptions,
refer to the system block diagram, the appropraite functional block diagram, and the
appropriate schematics. Each block in the functional block diagrams corresponds to a
subheading in the detailed theory descriptions. The detailed descriptions also provide
schematic diamond numbers referencing the appropriate schematic.

Logic Conventions

Digital logic techniques are used to perform most functions within this instrument. Function and
operation of the logic circuits are represented by standard logic symbols and terms. All logic
functions are described using the positive logic convention. Positive logic is a system of notation
whereby the more positive of two levels is the true, or 1 state; and the more negative level is
the false, or 0 state.

In logic descriptions, the more positive of the two logic voltages is referred to as high, and the
more negative state as low. The specific voltages that constitute a high or low state vary
between different electronic devices (e.g., ECL and TTL).

Active-low signals in the text are indicated in the text by an (L) following the signal name, and
a horizontal line above the signal name when on a schematic. Signal names without indicators
are considered active-high. Hexadecimal numbers are identified with a hex suffix. Decimal
numbers have no radix suffix.



General System Description

The Left, Right, and Center Plug-In compartments allow up to three plug-in units to be installed
in the 11401 mainframe. Plug-in units are used to condition signals prior to delivery to the
mainframe. These preconditioned signals are passed to the mainframe by two paths; 1) the
Analog Input, and 2) the Serial Data digital interface.

Analog signals are directed through the Plug-In Interface board to the Acquisition and Time
Base boards where they are changed into digital signals. The digitized signals are then stored
in the Memory board RAMs. The Compressor board circuit extracts the stored digitized signals
from the Memory board RAMs and conditions them for the Display Controller board circuit,
where they are processed by the CRT Driver board and presented on the crt. The Compressor
accomplishes this by squeezing the waveform into 500 points, which happens to be the fixed
length (maximum number) of points that the Display Controller circuit can represent on the crt
screen.

Digital signals pass through the Serial Data digitial interface which connects the Plug-In
Interface board, via the Standard I/O board, to the Main Processor. The Serial Data bus is used
for bi-directional control between plug-in s and the Main Processor, and for data
communications.

The Main Processor communicates with the various circuit blocks through parallel Data and
Address interface busses. The Serial Interface bus that connects the Display Controller circuit
to the Rear Panel board is used for diagnostic purposes only.

Detailed System Description

Refer to the schematic diagrams while reading this Detailed Circuit Description. Complete
schematic diagrams are provided at the rear of this manual.

Each diagram is divided into stages that are bordered with wide shaded lines. Further, each
stage corresponds to a subheading in the Detailed System Description. The subheading also
provides schematic diamond numbers that reference you back to the appropriate schematic.

Active-low signals are indicated in the text by an (L) following the signal name, and by a
horizontal line above the signal name on the schematic diagrams. Signal names without
indicators are considered active-high.

Assembly numbers (A numbers) identify components and the board these components are
mounted on. The designation A7R200 identifies the board as assembly A7 (the Display
Controller board), and the component number as resistor R200.
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A2 Line Inverter, A3 Rectifierss, and Control 39

The Line Inverter, Rectifiers and Control circuits provide semi-regulated dc voltages to the
Regulators circuitry. A schematic diagram of the Line Inverter, Rectifiers and Control circuitry
is given on diagram 39, in Section II, Diagrams and Circuit Board Illustrations in Volume III of
the service manual. The schematic is divided by gray shaded lines separating the circuitry
into major stages. Sub-headings in the following discussion use these stage names to further
identify the components and portions of the circuitry shown on diagram 39.

Line Interface

Power is applied through line filter FL99, line fuse F99 and POWER switch 5130. The line
filter FL99 prevents power-line interference from entering the instrument, and noise (in the
range of one megahertz to one gigahertz) generated within the instrument from entering the
line.

Resistor R99 serves to discharge the line capacitance in front of the line frequency bridge
rectifiers and prevents a shock hazard from contact with the power connector pins when the
power cord is disconnected.

The primary line fuse F99 prevents a fire hazard resulting from an improper setting of the
110/220 line switch, or from a major fault in the line-side circuitry. The thermal cutout switch
S99 will disconnect the ac line power to the Line Interface circuitry when the heat sink
temperature reaches approximately 75° C.

The principal power switch 5130 disconnects both sides of the line. It is located on the rear
panel and is not intended to be used as the primary means of turning the instrument on and off, as
this function is handled by the Standby switch, located on the front panel.

Capacitors, C140 and C230, serve to bypass differential-mode noise, generated by the reverse
recovery of the line-frequency rectifiers. Thermistors RT130 and RT240 limit the initial surge
current when charging the line filter caps C200, C310, C200, C220 and C320. The thermal time
constant of these thermistors is matched to the discharge time of the line filter caps, through
bleeder resistor, R220. This ensures continued surge current limiting when the instrument is
switched off and on several times in succession. Once the thermistors warm up they have
negligible effect on the input current.

Spark gaps E231 and E230 prevent over charging the line filter caps C200, C310, C200, C220, and
C320 due to improper setting of the 110/220 switch 5250 or from high energy differential-mode
line transients. CR340 operates as a full-wave rectifier, when 5250 is set for 230 V operation,
and as a voltage doubler, when S250 is set for 115 V operation, thus maintaining 230 to 380 volts
dc across R220, for either setting of 5250.

A neon flasher consisting of R640, C640 and DS640 indicates that hazardous voltages are
present on the line filter caps. R220 discharges these capacitors in about two minutes.
Transformer T440 provides the line trigger signal and power for the Standby Power circuitry,
when the front-panel STANDBY switch is off and the rear-panel PRINCIPAL POWER switch
is on.

Pulse Width Modulator



The primary means of controlling the output voltages from the Low-Voltage Rectifiers is the
Pulse Width Modulator (PMW). The PWM transistors Q600 and Q601 are power MOSFET
devices. They, in conjunction with L520 and CR500, form a negative buck switching regulator
operating at a fixed frequency of 100 kHz. By controlling the conduction time of either
transistor Q600 or Q601 the dc voltage applied to the 50 kHz Inverter (across C630 and C631)
can be varied from zero volts up to the maximum voltage available across the line filter caps
C200, C220, C310, and C320. Each of the PWM transistors conducts current on alternate
switching cycles; they never conduct current at the same time. The control voltages for the gates
of the PWM transistors are provided by T710. Resistors R600 and R610, and diodes CR600 and
CR610 set the switching speed of the PMW transistors.

The 100 kilohertz variable-duty square wave developed at the drains of the PWM transistors
is filtered by L520, C630 and C631. CR620 provides a path for the continuous dc current flowing
in L520 when neither PWM transistor is conducting current.

Line Interface

Capacitors C520 and C401 provide a return path for common-mode current transients flowing in
the chassis, caused by stray capacitive-coupling of the switching waveforms to the chassis.
These capacitors also lower the impedance of the common mode noise sources within the
mainframe and power supply. T410 further decouples these noise sources. The leakage
inductance of transformer T410 (appearing as a differential-mode inductance to the PWM), in
conjunction with C500, forces a continuous dc current to be drawn from the line storage caps C200,
(310, C220, and C320.

Primary Current Sense

The primary current-sense transformer T700 samples the instantaneous current flowing in each
PWM transistor. Q801 and Q800 clamp the secondaries of T700 to one base-emitter drop, giving
true current-transforming operation. The current sense signal, +CS, is used to control the current
flowing in the PWM transistors. It is used for both protection and feedback control.

50 kHz Inverter

The primary function of the inverter is to convert the dc voltage provided by the Pulse Width
Modulator into a 50 kilohertz square wave. The 50 kHz Inverter MOSFET devices Q620 and
Q610 are driven by a 10 volt peak, 50 kilohertz square wave from the gate drive transformer
T720. Cross conduction (i.e. both transistors conducting at the same time) is prevented by R620,
R611, CR621, and CR611 working into the gate-source capacitance of Q620 and Q601. During the
100 nanoseconds when neither transistor is conducting, diodes CR601 and CR620 provide a path
for current from mutual inductances and leakage of the transformer. When the transformer
primary current decays to zero, the respective MOSFET is biased on, ready to conduct. Thus no
switching losses are associated with the half-wave bridge.

In the event of an inverter overvoltage condition, spark gap E630 will fire clamping the
inverter input voltage to a safe level. If the over voltage is caused by a shorted PWM
transistor, the spark gap will continue to conduct current until fuse F410 is opened and the
inverter capacitors C630 and C631 discharge. If the over voltage condition is caused by an open



feedback path, the control circuit will limit the current to a level below that required to clear
F410, and will then initiate a restart cycle, extinguishing the spark gap.

Rectifiers

Four separate sets of power transformer windings in T130 and T140 step the 50 kHz Inverter
voltage down to the level required to generate eight semi-regulated outputs: +54, +17, 7, +5.2.
Both power transformers operate in parallel but have different volt-second/turn ratio values in
order to establish the proper output voltages.

After rectification and filtering, the semi-regulated outputs pass through current sense
resistors, which are actually ECB (etched circuit board) traces tapped at specific lengths. The
voltage across these traces is proportional to the current at the output terminals. These
voltages (approximately 25 millivolts at the rated current) are used by the control circuit to
limit fault currents in the mainframe plug-in units and to provide a diagnostic feature. The
exception to this type of sensing is the £54 V outputs, whose currents are sensed by R535, R636
and R637. The current sense signal is then level-shifted by Q530 and Q630.

Inverter Voltage Sampler

Components CR250, CR251, C251, R240, and Q250 form a sample-and-hold circuit that provides
a voltage proportional to the inverter input voltage. This voltage provides feedback to the
Error Amplifier circuit.

Ramp Injection

The Ramp Injection circuit consists of Q210 and associated components. The ramp signal is
generated by charging C216 through R313. This voltage ramp is converted to a current by Q210,
with R312 setting the magnitude of the injected current and, therefore, the current loop gain.
The ramp generator is reset periodically by either the 100 kHz clock pulse or by the end of the
PWM "ON" time, whichever comes first. (Normally the PWM signal, from U200A, pin 1 acting
through CR200 and Q213 occurs first.) CR311 prevents the ramp capacitor C216 from
discharging completely, leaving a small dc bias current in the ramp signal to hold off the
converter during the power-up sequence.

Current Limit Comparator

The primary current sense signal plus the injected ramp current are summed and converted to a
voltage by R305. The voltage across R305 (proportional to the instantaneous current in the
PWM switching transistors) is applied to the current-limit comparator U410C. When the
current in the PWM inductor L520 rises to a level determined by the error signal, the comparator
resets the latch U200A ending the switching cycle. A new switching cycle is initiated by the
100 kHz clock pulse which sets the latch, turning “"on” the alternate PWM transistor, until it is
again reset by the current limit comparator. The error signal at the noninverting input to the
current-limit comparator regulates the magnitude of current flowing in the PWM filter inductor
L520 by controlling the on time of the PWM power switching transistors.



Error Amplifier

The +5.1S and +5I error signals are summed by the Error Amplifier U400B. The output terminal
voltage is set by the +5.2 DC REF voltage, which is generated by U800 in the Local Power
circuit and adjusted with potentiometer R800, 5.2 REF ADJ.

Soft Start

Shutdown of the converter is accomplished by ramping down the reference voltage input to the
Error Amplifier. The RST(L) signal discharges the soft start capacitor C411 through CR313,
Q410 and R324. All supplies will track this signal down to zero, where they will stay until the
Fault Delay Latch (Diagram 40) times out. The RST(L) signal also pulls down the PFSET line,
latching the PWRUP signal low and turning the Fault LEDs on for the duration of the time out.

After the 200 millisecond time out of the Fault Delay Latch, the clamp is removed from the 5.2
REF input to the Error Amplifier allowing the output voltage to rise at the rate determined by
R323 charging the soft-start capacitor C411. The output voltages will track this rise, which
has a time constant of approximately 10 milliseconds. After a delay of 20 milliseconds, as
determined by the Power Fail Detect clamping network of R326, C323, CR321 Diag. 40, the
power fail detect comparator U420D is reset, which turns off the LEDs and signals the
mainframe that the output voltages are stable by activating PWRUP.

Standby Power

Components CR750 and C850 rectify and filter the secondary voltage of transformer T440
providing 17-30 volts to power the remote line switch and standby control. This voltage is
regulated to 16 volts by a series-pass regulator composed of Q840, Q740, VR830, and associated
components. Zener VR830 and divider R832-R833 are the positive and negative inputs to
differential amplifier Q740. The output of the differential amplifier is the error voltage, and
is applied to the base of the PNP series pass transistor Q840. Stability compensation is
provided by C730.

When the power conversion circuitry is started, power is supplied by the inverter through the
+17V line, acting through CR630. This shuts off Q840, unloading the line trigger transformer
T440, which would otherwise cause distortion of the Line Trigger output (LTRIG).

Power is applied to the control circuit by grounding the DCPWRSW line, which turns on Q100.
This is done by the remote power switch located on the front panel. Three-terminal regulator
U300 sets the control circuit voltage to +12 volts.



100 kHZ Clock

When power is first applied the fault delay latch is set, preventing startup of the power
conversion circuitry. Meanwhile, the 100 kHz clock pulse generator, made up of the comparator
U410D and associated components, is allowed to stabilize. The frequency of the clock is set by
R300 charging C301 to a voltage set by the divider R316 and R301. The pulse duration is set by
C312.

Gate Drive

The 100kHz clock pulse toggles the divide-by-two flip-flop U200B. This provides the balanced
50 kilohertz drive signal for the 50kHz Inverter. U100 buffers both the PWM and 50kHz
Inverter signals, providing sufficient current to drive the gate transformers as well as the Local
Power charge pumps formed by CR110, CR111, CR112, CR113 and C212, C213, C214 and C215.
These charge pumps establish the +22V and -10 V supplies. The input logic in Gate Drive U200
provides the alternating drive required by the PWM gate transformer. Damping and blocking
are provided by R112-R111 and C120-C121, respectively. R201 and C200 create a time delay
that holds the PWM latch U200A reset, when power is first applied.

Line Trigger

The line trigger signal is applied to the differential-to-single-ended amplifier U810A via the
+Uline signals. R730 and R736 set the output impedance and magnitude of the line trigger
signal, LTRIG, (used by the mainframe and plug-in units) to less than 470 ohm and from 1 volt to
3 volt P-P, respectively.

Fault Detection 40

The Fault Detection circuit provides protection and diagnostics for the Regulators circuitry and
the Line Inverter, Rectifiers and Control circuitry. The purpose of the protection circuitry is to
prevent single faults in the power supply or mainframe power busses from becoming multiple
faults. It does this by forcing an orderly shutdown of the power conversion circuitry, followed
by restart attempts at regular intervals. Since all fault conditions have the same result, (i.e.
shutdown of the converter) diagnostic features have been added to assist in locating the source
and cause of the fault condition. A fault is identified as a persistent condition of excessive
current, voltage or temperature in the power supply, mainframe, plug-in units or accessories.

A schematic diagram of the Fault Detection circuitry is given on diagram 40, in Section II,
Diagrams and Circuit Board [llustrations in Volume III of the service manual. The schematic is
divided by gray shaded lines separating the circuitry into major stages. Sub-headings in the
following discussion use these stage names to further identify the components and portions of
the circuitry shown on diagram XX.



Digital Current Sense

The overload fault sequence begins when the voltage drop across one of the Rectifiers current-
sense trace resistances exceeds a reference level (about 25 mV) for several switching cycles (20
microseconds), tripping one of the current sense comparators (U610C, U610A, U610D, U610B,
U410A, U620D, and U620B). The reference levels for the comparators are set by zener diode
voltage divider networks (VR630, R635 and R630 is one example) which establishs the
reference and, therefore, the current limit point for the +5.1 outputs.

Once tripped, the first action of a comparator is to pull down the PFSET (Power Fail Set) line,
which is an analog "OR" of all the comparator outputs. This signal trips the Power Fail Detect
comparator U420D turning on Q730, which pulls the PWRUP line down, signaling to the
mainframe that a power failure is imminent. This signal also turns on the Fault LED Driver
Q430, supplying current to all diagnostic LEDs via the LIGHTS(L) line. Meanwhile, the current
sense comparator signal fires one of the PUT devices (for example Q721) which bypasses the
LED current, extinguishing only the LED associated with the particular fault condition, while
all other LEDs remain on.

Tripping the current sense comparator also begins a time delay, determined individually for
the various outputs by discharging capacitor C324 through the individual resistors in the fault
line (for example R513). During this delay, the LEDs are lit, the PWRUP signal is low and the
power conversion circuitry attempts to clear the fault by providing maximum available power
to the load. This time delay is approximately 0.1 millisecond allowing time to charge
capacitors during transient loads. If the fault is cleared within this time, the LEDs are
extinguished and the PWRUP line is brought high, resuming normal operation without
disturbing the output voltages.

Analog Current Sense

The Analog Current Sense circuit operates in the same manner as described for the Digital
Current Sense circuit.

Primary Current Limit Detect

The primary current is limited on a cycle-by-cycle basis by simply clamping the output of the
Error Amplifier. VR300 does this by setting the peak current in the switching transistors. The
zener clamp current flows through R303, turning on Q400, which, after a 10 millisecond delay,
trips the Power Fail Detect and Fault Delay Latch initiating a converter shutdown.

Fault Delay Latch

If a fault persists, the fault Delay Latch, formed by C324 and the comparator in U420C, is set,
pulling down the restart line, RST(L). This signal initiates shutdown of the power conversion
circuitry, which will remain off for the duration (approximately 200 milliseconds) determined
by C325, and C324 in series and R322 and R324 in parallel.



Fault LED Driver

This circuit completes the current path through Fault LED's DS533, DS630, DS530, and DS531.
Transistors Q720, Q721, Q432, and Q431, respectively, determine which LEDs are illuminated.

Digital Voltage Sense

The Digital Voltage Sense circuitry detects over voltage and under voltage faults. The +5 and
-5 volt supplies are sensed by VR700 and VR704, respectively. Exceeding the zener voltages
causes Q700 and Q701 to turn on, tripping off the DIGVF indicator, DS533. A voltage fault of
the post-regulated analog supplies is sensed by the Regulator circuit Voltage Fault Detect,
whose output is OR'd with the Fault line by CR722 and CR721 to generate a restart.

Thermal Fault Sense

When inadequate air flow causes the thermal cutout switch S99 to reach 75° C, an over-
temperature condition occurs interrupting the dc input to the PWM. The converter shutdown
will continue until the sensor has cooled to 50° C, only then initiating a restart cycle.

Power Fail Detect

Power fail detection is accomplished by monitoring the duty cycle of the pulse-width
modulator (PWM). The PWM(L) signal is converted to a dc voltage by the integrator formed by
R328, R320, R327, C320 and C321. Since the input to the integrator is an inverted PWM signal,
the dc output of the integrator is directly proportional to the rectified AC line. When this
voltage drops below a level set by divider R330 and R329 (corresponding to a duty cycle of 95%),
the comparator U420D pulls down on the PWRUP signal, and lights all diagnostic LEDs. Power
conversion continues until an under voltage condition is detected, giving the mainframe time to
prepare for a power failure. Once the rectified line voltage has dropped below the minimum
regulation range (190 Vdc), the converter is shut down by the under voltage detect circuit
leaving a substantial stored charge in the line storage capacitors, thus preventing large surge
currents when the ac line is reapplied with the thermistors still hot.

Fan Speed Controller -

Transistor Q640 and associated components comprise the fan speed modulator. A 10 hertz pulse-
width modulated signal from the fan speed controller (FAN PWM) sets the dc fan speed by
pulsing it on, then allowing it to freewheel through diode CR740. Fuse F740 protects these
devices from any faults on the fan circuit. :

The fan speed controller, made up of U730, U710B, and associated components, functions as a
limited range feedback control system, which attempts to keep the temperature of the exit air
stream constant over the specified operating range of ambient temperatures. The exit air
temperature is sensed by U730, and is converted to a dc voltage (VTEMP) by R732. This voltage
becomes the reference for a 10 hertz pulse width modulator formed by the operational
amplifier U710B. The frequency of oscillation is set by C821, which, with R728, serves as an
integrator, converting the fan output back into a dc veltage, which is compared to VTEMP. The



action of the circuit is to maintain the two voltages at the same average dc level. When a
temperature rise is sensed by U710B, the pulse width to the fan is increased, speeding it up,
which in turn reduces the temperature of the exit air, maintaining closed-loop control.
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A4 Regulators 41

The Regulators convert semi-regulated voltages into stabilized low-ripple output voltages. A
schematic diagram of the Regulators is given on diagram 41, in Section II, Diagrams and Circuit
Board [llustrations in Volume III of the service manual. The schematic is divided by gray
shaded lines separating the circuitry into major stages. Sub-headings in the following
discussion use these stage names to further identify the components and portions of the circuitry
shown on diagram 41.

Local Regulator Power

The operational amplifiers used for the +50, +15, +5, 50, 15 and -5 volt Regulators require
that the following special voltages be generated for their operation:

(1) The +20 volt supply is generated from the semi-regulated +54 volt supply by reference
zener diode VR732.

(2) The -20 volt supply is generated from the semi-regulated -54 volt supply by reference
zener diode VR720 and transistor Q820.

(3) The +10 volt supply is generated from the semi-regulated +54 volt supply, by zener diode
VR730.

(4) The -10 volt supply is generated from the semi-regulated -54 volt supply by zener diode
VR731. .

(5) The +10.0 REF is used as a reference voltage.

+50 V Regulator

Semi-regulated +54 volts from the Line Inverter, Rectifier and Control circuit (diagram 39) is
the unregulated voltage source for this supply. Differential amplifier U220C compares the
feedback voltage at pin 9 against the reference voltage at pin 10. The error output at pin 8 of
U220C reflects a difference between these two inputs. A sample of the +50-volt output is
connected to U220C pin 9 via divider network R241 and R235. Notice that the feedback voltage
of this divider is obtained from a line labeled +50S (sense). If the feedback voltages were
obtained at the supply, the voltage at the load would not stay constant, due to the voltage drop
across the resistance of the cable between the supply and its load. The separate sense line
overcomes this problem by sensing the voltage at the load. Because the current in the sense line
is small and constant, the load voltage is held constant regardless of the load current.

Regulation of voltage occurs as follows: If the +50 V Regulator output decreases (becomes less
positive) due to an increase in load or a decrease in input voltage (as a result of line-voltage
change or ripple), the voltage across divider R235 and R241 also decreases. This results in a less
positive level, at pin 9 of U220C, than that established by the +10.0 REF supply at pin 10 of
U220C. This decreases the current through VR510 causing an increase in current through the
base-emitter junction of Q501. The result is increased conduction of Q501, the series regulator
device. The load current increases and, therefore, the voltage across the load also increases
sufficiently to balance the input to the differential amplifier U220C. The REF AD], R830, on
the +10 Ref supply sets the output level of this supply.

11
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-15 V Regulator

Basic operation of in the —15 V Regulator is the same as for the +50 V Regulator. The reference
level for this supply is established through R130 at pin 12 of U230D. The divider ratio of R122
and R135 sets a level of zero volts at pin 13 of U230D. Any change at the output of the -15 volt
supply appears at pin 13 of U230D as an error signal. The output voltage is regulated in the
same manner as described for the +50 Regulator. Diode CR433 will keep the output of this
supply from going more positive than about -4.4 volts if it gets shorted to one of the more
positive supplies.

+5 V Regulator

The operation of the +5 V Regulator is basically the same as described for the previous supply
regulators. Error voltage is provided through R134 to pin 6 of U230B, and pin 5 is referenced to
the +10.0 REF supply. The divider ratio of R138 and R139 is 2:1, so pin 5 of U230B is at five
volts when the supply is operating normally. Any change at the output of the +5 V Regulator
supply appears at pin 6 of U230B as an error signal. Diode CR431 limits the output of this
supply to about -0.6 volt, if it gets shorted to one of the negative supplies.

+15 V Regulator

The +15 V Regulator operates in the same manner as the +50 Regulator. Error feedback voltage
to pin 13 of U220D is provided through R236. Pin 12 of U220D is referenced to the +10.0 REF
supply. The divider ratio of R237 and R236 sets pin 13 of U220D at +15 volts. Any change in the
output level of the +15 V Regulator appears at pin 13 of U220D as an error signal. This results
in an opposite change at the output, pin 14 of U220D, which is conveyed to the series regulator
transistor Q400, through Q311, to correct the error in the output voltage of the supply. Diode
CR420 limits the output of this supply to about 4.6 volts if it gets shorted to one of the negative
supplies.

-50 V Regulator

Operation of the -50 V Regulator is basically the same as described for the +50V Regulator.
Error voltage to pin 9 of U230C is provided by divider R224-R223 and is referenced to the -50S
(sense) line. The divider ratio of R224 and R223 sets the level at pin 9 of U230C to zero volts
when the output of this supply is correct. Protection diode CR432 limits the output voltage of
this supply to ~14.4 volts should the supply be shorted to a more positive supply.

Voltage Fault Detect

Over-voltage or under-voltage of any regulated supply is detected by the window comparators
U220A, U220B, and associated resistors. These resistors set a hysteresis window that is 5% of
the regulator sense line voltages. The output of the comparators is analog "OR'd" and sent to
the Regulator Fault Indicator circuitry on the Control Rectifier board, where the signal is
latched into an LED indicator and initiates an immediate shutdown of the entire power supply.
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A5 Acquisition Board
Sampling Hybrid/Vertical Channel Select

The Sampling Hybrid contains three sampling modules and a four input channel switch. The
Sampling Hybrid simultaneously samples the vertical signal from each plug-in compartment.
The differential outputs of the three samplers are connected to the Channel Switch IC. The
Channel Switch IC converts the differential sampled signal to a single-ended signal and
provides a means to select each sampled signal for ouput to the A/D converter. A calibration
voltage(CHSWREF) used for A/D auto-calibration is also connected to the fourth channel
switch input.

The Timebase board provides signals(VS0, VS1) to the Vertical Channel Select circuitry that
control the Channel Switch output.

Strobe Driver/Sample Gate Generator

The Strobe Driver IC provides the differential sampling strobes to the Sampling Hybrid.
The Sample Gate Generator creates the sampling pulse from the falling edge of
SAMPLECK(20MHz). SAMPLE_ENABLE prevents sample pulses from occurring while the
A/D converter sequentially digitizes the simultaneously sampled plug-in signals.

A /D Converter

The A/D converter converts the sampled signal to a 10 bit digital value. The A/D converter
is a two stage flash with error correction. The output of the first stage 5 bit A/D
converter(U430) is converted to an analog voltage by the 5 bit DAC(U442) and subtracted from
the sampled input signal by the Difference Amplifier(U443). The output of the Difference
Amplifier is applied to the second stage which uses two stacked 5 bit A/D converters(U350,
U552) to yeild a six bit A/D converter. The upper and lower 16 codes of the second stage are
used for error correction that can correct for errrors in the first stage conversion. The Error
Correction PROM corrects the LSB of the first stage when an error is sensed by the second
stage. The Over/Under Range Logic(U266) defeats error correction when the magnitude of
the input signal is greater than full scale.



Clock Generator

The Clock Generator circuitry receives the 200MHz clock from the PLL and uses a twisted ring
shift register counter (U810, U712 and U710) to generate the 20MHz clock. Each successive
tap of the shift register generates a 20MHz clock that is delayed 5ns.

The Clock Generator provides 20MHz clocks to the Sample Gate Generator and the first
stage, second stage and output latches of the A/D converter. Also provided are the 20MHz
clocks for the Coarse Time Interpolator, the serial data out shift register of the Fine Time
Interpolator and the Master Clock(MCK) for the Timebase Board. Figure xx2 illustrates the
clocks generated for the sampler and A/D.
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Trigger

The Trigger Hybrid(U1710) receives and processes analog signals from the left, center and
right Plug-in compartments. Two identical ICs within the Trigger Hybrid output trigger gate
signals which are used by the Main and Window holdoff, time interpolation and acquistion
circuits.

The microprocesser serially loads data to onboard shift registers which control the selection
of coupling, slope and free run via U1710-48. A separate serial load clock is provided for the
Main and Window shift registers at U1710-23 and U1710-47 respectively. Main and Window
trigger source data is serially loaded and latched into U2030.



Main Trigger Holdoff

The Main Trigger Holdoff circuitry limits the rate at which trigger gate signals can be
generated and provides the user a means to trigger on the desired portion of a complex signal.
Figure xx1 illustrates the interaction between the holdoff signal and the Main Trigger
Gate(TGM). The Trigger Hybrid(U1710) drives the Main Trigger Gate output high when the
input signal crosses the user selected trigger level input. The Trigger gate remains high until
the Main Holdoff circuit times out and then resets the Main Trigger gate. Trigger signals are
rejected by the Trigger IC when the Trigger Gate is high or MTHO is high.

Trigger

Trigger  pojn
Signal

Trigger

Gate

(TGM,U1710-15) Holdoff Time

| | Il

(MFHO,U1710-15)

Figure xx1

The Main Holdoff circuitry is comprised of a coarse and a fine section. The coarse section
contains a digital counter(U264), and and circuitry to generate the holdoff pulse. The coarse
holdoff circuits are clocked from the 19.6608MHz clock.

The Trigger Gate is synchronized to the 19.6608MHz clock via U1546A and U1546B. Upon
receipt of this synchronized trigger gate(U1546-9), the digital counter begins counting down
the holdoff interval. When the digital count is completed, /MHORESET is asserted low
which places the counter in the load state and also starts the holdoff pulse. The holdoff
pulse (HOPULSE) is generated by a the Holdoff pulse shift register comprised of U1550 and
U1644. The input to the shift register(U1550-3) is set to a high for normal operation. Thus
following the reset of the shift register by /MHORESET, a high is clocked through to the
output by the 19.6608MHz clock. When the holdoff interval is longer than 500usec, the
falling edge of HOPULSE resets U1832B and causes MFHO(U1832-9) to go low and thereby
enables the Trigger IC to produce another trigger gate.

The first tap of the Holdoff pulse shift register enables circuitry(U1352, U1552, U1554B)
which creates signals that arm the events counter, the record trigger and window holdoff
circuits.

16
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Main Fine Holdoff

The Main Fine Holdoff circuitry is used in conjunction with the digital holdoff to increase the
main holdoff resolution to minimum of 500ps. Analog ramps are used to remove the
uncertainty between the trigger and digital holdoff clock.

A positive going analog voltage ramp begins when the Main Trigger occurs and stops on the
second holdoff clock edge following the trigger.

Since the holdoff clock occurs randomly with respect to the trigger, the time that the analog
ramps runs will vary. Therefore the voltage at which the analog ramp stops is a measure of
the time between the trigger and the holdoff clock.

The voltage that the ramp stops at is stored on a capacitor until the digital holdoff count is
complete and then the ramp begins again. The ramp runs until it crosses a fixed comparison
voltage that is set one input of a voltage comparator(U1940A). The voltage ramp is allowed
to run long enough to make up for propagation delay variations in the digital holdoff
circuitry. U1940A makes a positive transistion when the ramp crosses the fixed comparison
level. The time between the trigger and the positive transistion of the voltage comparator is
constant.

Another analog voltage ramp begins at the positive transistion of the voltage comparator
and the first ramp is reset to it's start position.

The second voltage ramp runs until it crosses the comparison voltage set on a second voltage
comparator(U1940B). This comparison voltage is varies via software control to allow the
positive transition of U1940B to vary up to one holdoff cycle(50.86ns) in 500ps steps.

1st Ramp Charging
Current Source
2nd Ramp Charging
Current Source
MSTOP_START <

> ad

2nd Ramp
Discharge
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Delay by Events

The Delay by Events counter allows the acquistion of the Window record to be delayed
relative to the Main trigger point by a user specified number of events. The Delay by Events
counter is made up of three sections. The first two high speed sections reside on the Acquistion
Board and a low speed section is contained within U264 on the Timebase Board.

When Delay by Events is selected, the Window Trigger IC ignores the window holdoff
input(U1710-39) and performs as a high speed comparator. When the window trigger signal
is above the trigger threshold the trigger gate(TGW) is high and vice versa. The first stage
of the Events counter(U1530) is a 2 bit shift register counter which is clocked by TGW. The
first stage output(U1530-15) clocks the second stage 4 bit counter which in turn clocks the slow
counter(U264) on the timebase board. After each stage has reached terminal count, a clock
signal will be generated on the next positive transistion of TGW which sends a differential
trigger signal to the Window Time Interpolator via U1420A.

Time Interpolators

The Time Interpolator measures the time between the trigger signal and the sampling strobe
once during each acquistion cycle. Separate Time Interpolators measure the trigger to
sampling strobe time for the Main and Window triggers. Each Time Interpolator consists of a
coarse and a fine section.

The coarse measurement begins when the /MSFR output of the Main Fine Time Interpolator
makes a negative transistion. This occurs following the Main Trigger and enables the
200MHz clock to pass through gate U1110B to the coarse counter(U922). The coarse counter
counts until the sampling strobe(via U1010-14) occurs, yeilding the trigger to strobe time with
5ns of resolution. The Main Coarse Counter is intialized before each acquistion cycle via the
Coarse_LD_CK and Coarse_LD signals generated in the holdoff circuitry. The Window
Coarse Time Interpolator operates in the same manner.

The Fine Time Interpolators measure the time between the trigger and the 200MHz clock
with 10 ps of resolution. The measured time is converted to a digital count within the Fine
Time Interpolator and is serially shifted into the Fine Time Interpolator Shift Register when
the measurement is complete. The data from the Main and Window Fine Time Interpolators
is serially multiplexed to the DAG IC on the Timebase board.

Upon receipt of the Fine Request(/FRQ) signal from the Time Interpolator circuitry the DAG
IC reads the Main Coarse and Fine data from the coarse multiplexer(U1244, U1246) and the
fine multiplexer(U1250) respectively. After the Main data is read the coarse multiplexer
input is switched to the Window coarse data and the Fine Time Interpolator Shift Register is
loaded with Window Fine data upon receipt of the Fine Acknowledge(/FAK) signal from the
DAG IC. The Window data is then loaded into the DAG IC.
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ACQ Autocal & Refresh
Diagram 12

This diagram contains the circuitry for automatic calibration of various digitizer circuits,
including the acquisition, time base, and trigger circuits. It also contains circuitry for analog
voltage refresh of various digitizer circuits, including the trigger level and holdoff, acquisition
time interpolators, two-stage A/D flash converter, and sampling circuits.

Voltage Reference DAC

The DAC (U1470) provides multiplexed analog output of various refresh voltages to the analog
sampling bridges: Refresh Bank 1 (U960 and U970), Refresh Bank 2 (U1270 and U1272), and
Refresh Bank 3 (U1072 and U1170). The microprocessor writes a digital input value to the DAC
every 400 microseconds. Each digital input value represents a unique reference or control
voltage needed for one of the circuits listed in the paragraph above.

The DAC's Offset (R1576) and Gain (R1582) settings are adjusted during diagnostics calibration
initiated at the front panel (see the 11401/11402 Service, Vol.1, Diagnostics manual for
details).

Refresh Banks 1,2, and 3

After the DAC presents the analog voltage to the sampling bridges of the refresh banks, the
microprocessor places an address at the input of the addressable latches (U1070, U1370, and
U1172). Then the not-SCAN signal from pin 34 of ]84 enables the input address to select the
addressed output which will follow the level of the D input (starting with Refresh Bank 1).
This, in turn, selects which switch of the sampling bridge that closes for 400 microseconds (all
analog switches of the sampling bridge are initially open). Thus, the analog voltage from the
DAC is stored on the capacitor of the now closed refresh bank sampling bridge switch. This
voltage is then passed from the high impedance output buffer (of the closed switch) to the
circuit it supplies the reference or control voltage for. This process is repeated every 400
microseconds, starting, sequentially, with each switch of Refresh Bank 1; then, each switch of
Refresh Bank 2; and, then, each switch of Refresh Bank 3, so that each reference or control
voltage circuit is continually refreshed with the appropriate voltage.

Cal Select

During the plug-in calibration mode, register U1570 receives an address from the microprocessor
that indicates the appropriate settings for the Calibrator and plug-in calibration signals. The
not-CALRANGE signal from pin 26 of ]84 clocks in the specified mode settings. In particular,
pin 19 of U1570 drives the enabling of either the 450 Q or 50 Q output impedance for the
Calibrator signal and decoder U1670A&B provide the appropriate enables for the Cal Gain
Select stage.
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Calgain Select

A digital value from the microprocessor provides an analog plug-in Calibrator Voltage
Reference of, typically, 5 to 10 volts from the DAC and Refresh Bank 2 circuitry to the input
amp of the Cal Gain Select stage, which attenuates the voltage. Analog switches in U1672, in
conjunction with part of resistor divider network R1877, provide X1, X2, or X4 attenuation and
analog switches in U1772, in conjunction with part of resistor divider network R1877, provide
attenuation of X1, X10, X100, or X1000, depending on the decoded signal from the Cal Select
stage. The voltage is then passed to the Calibrator Output Buffer stage.

Caloutput Buffer

Op amp U1870, with transistors Q1968 and Q1969, drive the calibrator output signals, including
Plug-in Cal at pin 3 of J91A and Front Panel Cal to the CALIBRATOR output.

Front-Panel Calibrator

The front-panel CALIBRATOR signal is either a dc reference level of about 6 millivolts to 6
volts for probe calibration of gain and offset; or a 6 volt, 1 kHz or 2 MHz square-wave for probe
compensation and deskewing. The square-wave is generated by Q1668, Q1562, Q1560, and their
associated drcuitry whenever the ???? circuit enables the CAL_ CLK signal into flip-flop
U2060A (this happens during the probe deskewing and compensation operations). The output
impedance for the CALIBRATOR is, again, either 450 ohms or 50 ohms, depending on the type
of 11000-series probe attached to the bnc.

Plug-in Ground Select

Demultiplexer U1970 receives an address from the Cal Select circuit (U1570) that indicates
which plug-in compartment is selected. Appropriate ground reference currents from the plug-in
and the front panel are passed from op amp U1870B to the front-panel and plug-in cal circuitry
to offset any voltage difference.



A6 Time Base Board

The basic function of the time base controller (A6 Time Base board - diagrams 13 through 20)
is to use the acquistion system to produce waveform records of a desired length and resolution
at a specified position. Because of the high-speed operations required of the time base
system, the time base controller makes entensive use of hardware circuits that are optimized
for this purpose. An Intel 80186 microprocessor (U224 - diagram 16) provides a means of
setting up the hardware for most modes of operation, although, in a number of cases, a
software approach must be used to handle complex functions. The microprocessor uses 16k
bytes of RAM (U281 & U283 - diagram 16) and 128k bytes of ROM (U271 & U273 - diagram
16), along with many I/O devices, to accomplish numerous functions. However, in normal
operation, the time base system may operate completely independent of the microprocessor
for many acquistion and transfer cycles, as the hardware will restart itself at the end of each
cycle, unless instructed to do otherwise by the microprocessor.

Before we can talk about the operation of the time base system, we need to understand what a
record is and what parameters and constraints are associated with it. In a conventional
oscilloscope, the trigger point on the displayed waveform is very near the start of the sweep.
While, in a digital scope, such as the 11401/11402, it is possible to position the trigger point
anywhere relative to the record, however, the trigger point for the main record must occur
during the main record. This can be at the beginning or at the end of the record, or anyplace
inbetween. This can complicate matters, somewhat, since this means that, in effect, we have
to know where the trigger is before the data is acquired so that we can acquire enough data
before the trigger point to complete the record. By setting up a counter to count from the
beginning of the sweep to a value which is equal to the time before the trigger, we can collect
enough points before the trigger. Once the trigger has occurred, we can count the amount of
data that occurs after the trigger to collect the proper number of points. Then, we need only
count back the required number of points (as calculated by the Destination Address Generator,
see U166 - diagram 20 and the overview description, below, for more details) from the end of
the acquired points to identify a complete record.

So far, this dicussion has centered on the main record. In the 11401/11402 system, we also
allow two window records to be defined by the user, with the constraint that they must have
at least one point in common with the main record (this is mainly to let the user see where the
window really is). The window records' use a single trigger source, but their trigger is not
confined to being on the window record. The window trigger, in most cases, is connected to the
main trigger system via hardware located on the acquistion board. In that case, the windows
are positioned relative to the main trigger point, but because of the above contraints, the
main trigger does not have to occur during the window records. So, it is possible to have a
window that is completely before or after the main trigger. These requirements cause the
hardware within the time base system to be used in several different manners for different
sorts of setup conditions.

Note that when looking at the time base system, one must also consider the acquistion board,
as the two boards are very interelated in their functions. In fact, in many cases, a function
may be split between the two boards in order to take advantage of each's strengths.
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Functional Overview

Operation: I will try to indicate the events that happen during a normal acquistion cycle.
Please keep in mind that this not an inclusive list for all conditions, but a simple case that we
can build on.

The starting point for the system is the occurrence of the RESTART signal, this may be
created due to the previous cycle finishing or by the microprocessor starting the digitizer
system. The occurrence of the RESTART signal causes a number of things to happen: the
acquistion memory system will switch into the acquistion (write) mode and the time base
logic will intialize for the next sweep. The time base logic starts the PRETC counter, which
is used to guarantee that at least the required number of pretrigger points will be acquired
before the trigger. With this, the rate counters for the main and window time bases will begin
to output time base requests. It it important to note that the rate counters both run continously,
even during the transfer phase of the system. These cause the vertical state sequencer to
generate the Acq_request signal to the acquistion memory that will correspond to each of the
selected vertical input signals. Using the Acq_Request line, the Acquistion memory system
will take the current 10 bit A/D value from the acquistion board, via the Input Data Latch,
and place it into the Acquistion memory and, then, advance the memory address counters for
the next sample. Along with the ten bit A/D value that was stored into the acquistion
memory, there are two groups of 3 bits. One of these 3 bit groups identifies which time base
the Acq_request was generated by: Main, Window1, and/or Window2. This information is
used, later, in keeping track of the number of main and window record points that have
occurred. The other group of 3 bits is used to identify the vertical input that produced this
A/D sample (this data comes from the Initial ID table). This is driven by inputs from the
Vertical State Sequencer and the Plugin Chop Sequencer. The Initial ID table allows us to
encode a large number of possible vertical input combinations down into the eight possible
vertical sources.

The main trigger is held off by the PRETC signal so that the trigger cannot occur until enough
data points have been acquired. The value in the pretrigger counter is determined by finding
the maximum number of pretrigger points needed by the main and window records. The output
of the pretrigger counter is fed into a section of hardware called the Randomizer. Its function
is make the total cycle time of the system more random. If the system is not random in nature,
then certain frequencies of input signals will cause the system to not acquire complete records
during equivalent time operation. Once the randomizer inserts a random delay into the
PRETC path and the PRETC signal arrives on the acquistion board, the acquistion system may
now accept the next valid trigger condition. In order for the trigger to be valid, it must also
satisfy the holdoff conditions that have been set up. When the first valid trigger occurs, the
acquistion board will pass the main trigger signal over to the time base board. At the same
time, the window holdoff counter is started (if it is set up) to holdoff the window trigger
system, which is constrained to allow only window triggers after the main trigger has
occurred. Also, the main time interpolater is now used to measure the amount of time between
the trigger occurrence and the next 50 ns clock, which is the basic clock rate of the time base
system. This value is sent to the DAG (Destination Address Generator), which uses this
number, along with other measured and constant values, to produce the addresses for the data
points acquired during this sweep. These addresses are used to position the data points during
the transition phase in the waveform memory, which is located on the MMU board in the
EXP section of the 11401/11402 system. Once the main trigger signal arrives on the time base
board, it will start the main postrecord counter, which is used to count the number of main
record points to acquire after the trigger. Each of these points is handled in exactly the same
manner as the pretrigger points. The data points in acquistion memory do not carry any time-
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keeping information with them, other than their relative position to other points in the
same record. Therefore, it can be seen that the flow of these points into acquistion memory
must be continuous during the acquisition of the signal, otherwise, the relative time between
the points would be altered (this concept will be important during the discussion of the plugin
chop system). Once the main post record counter has counted down, thereby filling up the post
trigger section of the main record, it will assert its terminal count signal, which will cause
several things to happen. First, the flow of rate pulses from the main time base counter will
be shut off so that no more main record points will be acquired. Also, it will send a signal to
the End Detect Logic that uses this signal, and others like it from the window time bases, to
determine the end of the acqusition phase of the cycle.

Now we must dicuss the operation of the window time bases. First of all, while the window
time base system supports two fairly independent windows, they share enough hardware and
other things to make them appear, at times, as one time base and, at other times, as two time
bases. The windows are required to use the same trigger source and to operate at the same rate
and duration. But, there are no restrictions upon the position of one window verses the other.
The descriptions of window1 and window?2 are interchangeable. The 1 and 2 designators are
for convenience only. The window time base hardware operates in much the same manner as
that of the main time base, although, there are more counters and more modes of operation.
There are three types of operation modes for the window time base, they are runs before
windows, pretrigger windows, and runs after windows. All of these modes share elements of
the next mode. In other words, the runs before mode behaves very similarly to the pretrigger
mode. The runs after mode uses some common elements of the pretrigger mode.

The pretrigger mode in the window time base is the most similar mode to that of the main
time base's mode of operation. In the pretrigger mode, some points are acquired before the
window trigger and the remainder of the points are acquired using the individual window
post record counter. Since there is only one pretrigger counter in the system, both the main and
window time bases must work off of the same counter. As stated previously, the window
trigger is common between the two window records, but it may be the main trigger is fed over
into the window hardware or it may be a completely separate trigger signal. That, by
defintion, must occur after the main trigger has occurred and the window holdoff has timed
out.

The runs after mode for the windows occurs when the user specifies that the desired position
of the window record is some time after the occurence of the window trigger, such that, some
time must pass before the window may start acquiring data. In this case, a counter, called the
window position counter, is used. Each window time base has one of these, just as each of the
windows has their own postrecord counter. This position counter is used to count the number of
window rate pulses from the window rate counter, after the window trigger. Once this
position counter has counted down, the window's post record counter is started, which causes
the window rate requests to be sent off to the vertical state sequencer and handled in a similar
manner to that of the main. When this postrecord counter finishes, it will shut off the
window time base requests for that window and inform the end detect logic that the window
has completed.

The runs before case is very different from this situation, as, in this case, the entire window
record has been postioned ahead of the window trigger. In order to be able to acquire only the
desired points, we would have to know when the trigger was going to occur, since all actions
enabling and disabling the acquistion of the window points would have to occur before the
actual trigger, even though these points are supposed to be related to the trigger. It turns out
that the only simple way to solve this problem is to allow a sufficently long pretrigger time
to acquire the entire window record and to acquire all window points that are available until
the actual trigger shows up. At that time, the acquistion of the window record's points are
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disabled and the end detect logic is signaled to indicate the end of the that particular
window record. It should be noted that the 2 window records do not have to be in the same
modes, as the modes are set independently for the two window records. In the runs before case,
the window post record counter is used, not during the acquistion, but during the transfer phase
of the cycle, to count back as the DAG is reading points out of the acquistion memory, the
number of the particular window record points that it has encountered. Thus, it provides a
way to count back in time in order to look at the data that was acquired before the trigger
event took place. Once a predetermined number of points have been counted back, the DAG
can now treat these window points just as any other type of points.

One other counter that deserves mention is the Trig-to-Trig counter. This counter is used to
measure the number of 50 ns intervals between the main and window triggers. Since the main
and window time interpolator measure the interval between the trigger and the next 50 ns
clock, this information, which is collected by the DAG shortly after the individual trigger
events, can be used with the value of the trig-to-trig counter, which must be read via the
microprocessor, to achieve trigger to trigger single shot measurements with a resolution of 10
pS and an accuracy of 100 pS.

Once all of the enabled time bases have reported their status as done (the disabled time
bases are always treated as finished), the end detect logic makes sure that the vertical state
sequencer has completed its last operation and, when appropriate, that the plugin chop
sequencer has completed its work (if it is in a special mode called 'Single Shot Chop'). More
about the plugin chop sequencer and its modes later on. Once all of these checks have been
performed, the end detect logic will provide a signal, called Acq/Xfer, to the DAG and to the
Acquistion memory system. This signal is used to switch modes in both places. For the DAG,
it tells it to start trying to read the acquistion memory. To the acquistion, this signal,
Acq/Xfer, switches the mode from "write" to "read" and changes the direction of the
automatic address counters. Neither the time bases nor the DAG need to know the absolute
address of a piece of data, only the relative position to the next sample from the time base.
Because the acquistion memory uses a post-increment and post-decrement mode of operation,
the hardware performs a dummy read cycle at this time to correctly position the address
counters to the lastly acquired piece of data, rather than, to the next available location in
acquistion memory. The acquistion memory consists of 4 banks of 4K by 16 bit words for a total
of 16k words.

Once the acquistion memory has turned around, the DAG starts to request waveform points

via the Dag_Request line. It should be noted that the DAG always starts at the end of the
record and works to the start of the record. For each point, the DAG will request a point from
the memory, this point may contain a point for the main, window1, and/or window2 records.
The DAG never sees the data contained in the waveform point, but looks directly at one of the
3 bit groups and, indirectly, at the other 3 bit group. As noted above, one of the 3 bit groups,
called the horizontal tags, is sent to the DAG so that the DAG can keep track of the relative
positions of each of the records. The DAG will look at the first of the waveform tags and
check to see if the data point is for that particular record, if not, it will move on to the next
tag bit. Otherwise, it will make the necessary calculations for that point and either generate
an address for it, or discard it (for a variety of reasons). A point can be disgarded: if, it is part
of the system overrun (more about this later); if, the record, which has to be a window, is in
runs before and this point is before the record; and if, the point follows a record that has
already been completely sent or it has been marked Invalid by the final ID table. Under most
circumstances, even though a point is disgarded, the DAG actually uses this information to
update internal and external counters in order to keep track of the current position.

The other group of tag bits is used to encode the vertical source of that sample data. This set
of three bits is applied to the Final ID table, along with two bits from the DAG that indicate
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request will cause a word to read from memory and to be written into the interface port. In the
process of writing data to the interface port the DMA request line is cleared. Once the device on
the other end of the interface has acknowledged the transfer, the DMA request will be
reasserted.

CPU & Ready Logic (diagram 33)

The Display Controller board's incoming and outgoing data is serviced by U524's programmable
DMA (Direct Memory Access) unit. The DMA provides the following two independent
channels. The DRQO (pin 18, Data Request line) that serves the incoming data channel, and
DRQI (pin 19, Data Request line) that serves the outgoing data channel.

You should note that transfers from the interface port into memory is a source-synchronized
transfer, while the transfer from memory to the interface is a destination-synchronized
transfer. The interface port has been designed to run without any waitstates. That is, it's a
zero waitstate device. Microprocessor U524 uses PCS4 to access this port, so currently this port
is selected between 0200hex - 027Fhex in the I/O space.

Waveform Attribute Encoder (diagram 37)

This dircuit facilitates high-speed transfers of incoming information. The digitizer and
waveform processing systems in this instrument dictate that the waveform data format is a left
justified 10-bit word. This 10-bit word is transmitted in a 16-bit word, with the lower 6-bits
being considered as "don't cares”, with three exceptions. These three exceptions are Null,
Overrange, and Underrange, and their values are passed as 8000hex, 7FFFhex, and 8001hex,
respectively. The Waveform Attribute Encoder stage uses PAL (Programmable Array Logic) to
decode these special cases and set the appropriate bits in the trace data word. The Null bit in
the display word may be set on any data passing through the Waveform Attribute Encoder,
regardless of the value of the data. This "Null force" condition is enabled by asserting bit 4 of
port 1 of U523 (pin 35) on diagram 33.

The waveform data that is sent to the Display Controller board from the Compressor board is
in a 2's complement format. In order to support the VRS (Vertical Raster Scan) system, which
requires 9-bit data ranging between 0 and 1FFhex inclusive, the data must be transformed and
shifted. The number format transformation is accomplished by inverting the most significant
bit of the incoming data. The shifting of the incoming trace data is further complicated because
the VRS system can support two display modes; the single and the dual axis modes. When the
VRS system is operating in the single-axis mode the incoming data is shifted to the right by 6-
bits. When the display is operating in the dual-axis mode the data must be shifted to the right
by 7-bits. This will adjust for half the dynamic range of the individual axes. A bit coming from
the MUART (Multifunction Universal Asynchronous Receiver Transmitter) circuit, port 1, bit 7
(U523, pin 32 on diagram 33) is used to supply an offset to the encoded trace data word. When
this bit (offset) is cleared, the waveform will be displayed in the lower half of the display,
because the resultant data values range between 0 and OFFhex. When the offset bit is set, the
waveform will be displayed in the upper half of the VRS display area, since the resultant
data is within the range of 100hex to 1FFhex.



ROM & Select (diagram 33)

EPROM's U602 and U612 comprise the standard firmware for the Display Controller board,
with U602 being the high order byte. The standard firmware EPROM's may be configured for

use by three different types of EPROM's, depending upon the amount of storage needed. Refer to
Table 1 for further information.

Table1
Standard Firmware EPROM's Storage Capabilities & Jumper Settings
EPROM Jumper Setting Size In Address
Type J7 J12 Bytes Range (In Hex.)
27128 128 256 32K F8000 - FFFFF
27256 256 256 64K FO000 - FFFFF
27512 256 512 128K E0000 - FFFFF

EPROM's U700 and U712 comprise the optional firmware for the Display Controller board,
with U700 being the high order byte. The optional firmware EPROM's may be configured for

use by three different types of EPROM's, depending upon the amount of storage needed. Refer to
Table 2 for further information.

Table 2
Optional Firmware EPROM's Storage Capabilities & Jumper Settings
EPROM Jumper Setting Size In Address
Type J8 Ji3 Bytes Range (In Hex.)
27128 128 256 32K D8000 - DFFFF
27256 256 256 64K D0000 - DFFFF
27512 256 512 128K C0000 - DFFFF

The EPROM's are selected via the ROMCS(L) line on processor U524, pin 34. When U524 is
reset, the ROMCS(L) line is the only Chip Select Unit line that is active, and only then for the
address range of FFCOOhex - FFFFFhex (the upper 1K of memory). The ROMCS(L) line also sets
up a 3 waitstate delay in every EPROM access, and it looks at the external ready line.

Microprocessor Data Latch (diagram 33)

The Microprocessor Data Latch stage is comprised of data bus drivers U615, U621, gate U427C,
and inverter U634F. Address and data information is multiplexed together onto a common set of
pins (U523, pins 1 through 8). This necessitates locating the MUART and the microprocessor on
the same local bus (before the Microprocessor Data Latch stage). When the microprocessor
supplied signals DT/R(L) and DEN(L) are used to control latches U615 and U621, the data bus
will actually be demultiplexed, in that the address does not appear on the data bus. Since the
address does not appear on the data bus, the MUART chip is the only component other than the
bus drivers to reside on the local microprocessor bus, lines PD0 - PD15. In order to prevent
contention with the Microprocessor Data Latch stage during a MUART access, the DEN(L)
signal is gated with the MUARTCS(L) line, which is the PCS(L) on the microprocessor. With
this gating the Microprocessor Data Latch stage is disabled during any request to the MUART.
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The MUART is accessed via the microprocessor Control Bus using the MUARTCS(L) line, which
is connected to the PCS0 line, pin 25 on the microprocessor. All requests to this line requires that
three wait states be inserted.

The Display Controller Board's microprocessor, U524, can be run in a Forced Instruction Mode.
This allows a person to observe the address lines in operation, and to detect a faulty component,
using signature analysis. This is the only place where diagnostics software is not used, as the
address lines are assumed faulty at this point, and the software cannot run.

The Display Controller Board circuitry will operate in the Forced Instruction Mode when
jumpers J5, J6, and J11 are moved from the Norm position, to the Test position. This forces data
bus drivers, U615 and U621, into the disabled mode. Jumpers J5 and J11 cause the two
microprocessor local data bus lines, PD1 and PD9, to be pulled down to ground. This, in turn,
will cause microprocessor, U524, to receive a FDFDhex instruction code, which is a STD
instruction. Since this is in effect an NOP instruction, the microprocessor will continue to fetch
this instruction and progress through the address range. A note should be made that
microprocessor U524 will not sequentially go through memory, as the CS register is set to
FFFFhex upon power up. With IP register being set to zero, this will cause the address sequence
to be FFFFOhex — FFFFFhex, then OOOOO — OFFEFFhe, then back to FFFFOhex. Further,
the chip select line for the ROMs will be active during the passage through FFFFOhex to
FFFFFhex.

Microprocessor Address Latch (diagram 33)

The Microprocessor Address Latch stage is comprised of address bus drivers U526, U614, and
U620. The ALE (address latch enable) signal from U524, pin 61, is active high to latch the
addresses into the three bus drivers. The rising edge of the ALE signal is generated off the
rising edge of the MPUCLK signal. Addresses are valid on the trailing edge of the ALE signal.

Diagnostic Loopback Control (diagram 37)

The Diagnostic Loopback Control stage is comprised of U623A,B,C,D, U630A,C,D, and U634A.
When the LOOPBACKEN(L) bit is set, it causes this stage to make the Executive Processor
Parallel Interface Port stage look busy. This strobes handshake lines, SENDNEW(L) and
DATARDY(L), to transfer data from one side of latching ports U731 and U733, to the other.
The transfer occurs when microprocessor U524's Chip Select strobes the BMLCS(L) line, by
reading from I/O address 280hex.

General Purpose Static RAM (diagram 33)

The General Purpose Static RAM (hereafter called GPSRAM) is comprised mainly of RAMs
U601 and U611. The start of the RAM address space serves as an interrupt table for
microprocessor U524.

The Display Controller will be provided with 4K of RAM when Jumper ]9 is installed in the 4K
position and both 6116P RAMs (U601 and U611) are installed at the bottom of their sockets
leaving pins 1, 2, 27, and 28 open. If it becomes necessary to provide more GPSRAM space, an
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alternate set of 6264P RAMs may be used. When 6264P RAMs are installed in the Display
Controller, jumper J9 must be moved to the 16K position.

Interface Data Buffers (diagram 37)

The Interface Data Buffers stage is comprised of octal bus transceivers U713, U720, and gate
U721D. This stage provides synchronous two-way communications between the interface port
and the microprocessor data bus.

Waveform Data Buffers (diagram 37)

The Waveform Data Buffers stage is comprised of octal buffer/drivers U616, U622, gates
U721A,B, and inverter U636F.

MUART (diagram 33)

The MUART (Multi-function Universal Asynchronous Receiver Transmitter) stage is comprised
of interface IC U523. It provides 16 lines of parallel I/O, a serial port, a baud rate generator,
various timers, and an interrupt controller. The display controller uses the parallel I/O to
provide software control of various portions of the display hardware. The serial port is used to
provide a diagnostic communication path between the waveform processor (on the A16
Compressor Board) and the display controller. MUART U523 is also used to develop software
for the display controller, and to provide interrupts to microprocessor U524 in the CPU & Ready
Logic stage.

Because of the limited number of pins available on the U523 MUART chip, the address and
data information is muitiplexed together onto a common set of pins (pins 1 through 8). This
necessitates locating the MUART and the microprocessor on the same local bus (before the
Microprocessor Data Latch stage). When the microprocessor supplied signals DT/R(L) and
DEN(L) are used to control the Microprocessor Data Latches U615 and U621, the data bus will
actually be demultiplexed, in that the address does not appear on the data bus. Since the
address does not appear on the data bus, the MUART chip is the only component other than the
bus drivers to reside on the local microprocessor bus, lines PD0 - PD15. In order to prevent
contention with the Microprocessor Data Latch stage during a MUART access, the DEN(L)
signal is gated with the MUARTCS(L) line, which is the PCS(L) on the microprocessor. With
this gating the Microprocessor Data Latch stage is disabled during any request to the MUART.

Serial port lines TxData(L), RxData(L), and COMCLK are connected to to interface connector
J52. Only the TxData(L) is an output. These are 5-volt only signals, and while the format is
compatible with RS-232-C interface, a voltage converter must be set up before an RS-232-C
device may be connected to the serial port. The MUART only supports one handshake line
which has has been hard wired to the active state.

The MUART is accessed via the microprocessor Control Bus using the MUARTCS(L) line,
which is connected to the PCSO line, pin 25 on the microprocessor. All requests to this line
requires that three wait states be inserted.
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Video Shifter Control (diagram 34)

The Video Shifter Control stage is comprised of gates U630B, U432A, and positive edge-
triggered flip-flop U425B. The BSRLOAD (Bit-plane Shift Register Load) signal is generated
by the detection of the video hardware phase of the video memory. That is, when CCLK,
FCLK, LCLK, and MCLK are all high, and U630B is gated by the Display Enable signal from
the CRT Controller & Select stage (pin 18, U515). The presence of the Display Enable signal at
pin 18 of U515 indicates a valid CRT Controller & Select stage video memory address. This
detection signal is clocked by the rising edge of the PCLK signal into pin 11 of U425B. This
allows the signal on pin 6 of U432A to be sampled on the falling edge of PCLK by the Plane 1
and Plane 2 Video Shifter stages, U220 and U221, and thereby cause them to latch the data
from the Bit Plane 1 and Bit Plane 2 DRAM (video memory) stages.

CRT Controller & Select (diagram 34)

The CRT Controller and Select stage consists mainly of U515 and U534. This stage is the basis
for all timing in the video portion of the Display Controller Board. The chip select, CRTCS(L),
causes a positive-going pulse to be formed using U534, U525E, and U517D. Latch U631A is used
to latch the R/W(L) signal so that it will meet the hold times of controller U515. The data bus
lines (MDO-7) run to controller U515 (D7-D0). Using MA1 (U515, pin 24) as a register select
signal, the command and data registers are both placed on the same side of the data bus. The
CRT Controller & Select stage is selected through the microprocessors PCS1 pin, named
CRTCS(L). This chip select must be set up for a three wait state delay for every CRT Controller
& Select stage request.

On the video side of the CRT Controller & Select stage, the master video clock is set at 2.0
megahertz, using the CCLK line. This sets the word display time to 500 nanoseconds. CRT
Controller U515 generates a new address on every falling edge of its master clock. This new set
of addresses is passed on to the Bit Plane Address Mapping stage and to the VRS Plane Address
MUX stage. Since the new addresses are not required until the rising edge of CCLK the crt
controller has plenty of time to generate the new addresses. The Display Enable signal (U515,
pin 18) is handled in much the same way. Display Enable is used to generate a load pulse to the
Video Shift Control stage.

The LPEN input (U515, pin 3) is used by the diagnostics hardware to determine where the crt
controller thinks it is, with relation to the address values being presented on the Diagnostic
Timing MUX stage.

Video Memory Buffer & Select (diagram 33)

Bus driver/latches U502, U503, U512, and U513 mainly comprise the Video Memory Buffer and
Select stage. The most important function of this stage is to provide a way for the slower
microprocessor to latch data from the high-speed video memory. It also serves to reduce
loading on the microprocessor Data Bus. The drivers or latches are enabled depending upon the
direction of the data transfer and when VSEL(L) is generated from the Video Memory Interface
Synchronizer stage. The 16-bit Video Data bus (VD0-15) is a local bus that is used just for
transfers between the video memory and the microprocessor.
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Diagnostic CRTC/MPU Address Trigger Control (diagram 5)

The Diagnostic CRTC/MPU Address Trigger Control stage is comprised of U401A,B,C,D,
U402A,B, and U517A. The video address registers U500, U501, U510, and U511 capture all 14-
bits of the CAS(L) addresses. They also capture the RA0O, RA1, RA2, and RA3 lines from U515 in
the CRT Controller & Select stage. The registers are triggered in two parts so that the CAS(L)
cycles may be captured, by U401, which is driven by the Diagnostic CRTC/MPU Address
Trigger Control stage. The trigger signal is also sent to the LPEN (light pen) input of U515 in
the CRT Controller & Select stage. Only one trigger signal is generated. Another trigger will
not occur until the VRLCS(L) line is pulsed, indicating that all of the previously captured data
has been read. The type of trigger (crt address or microprocessor address) is determined by the
state of the trigger bit in the 'write only’ diagnostics register, U600, pin 16, located at /O
address 101hx. The address latches are read only registers.

Diagnostic Bit & VRS Plane Address Feedback Latches (diagram 37)

The Diagnostic Bit & VRS Plane Address Feedback Latches stage is comprised of 8-bit registers
U500, U501, U510, and U511. These video address registers capture all 14-bits of the CAS(L)
addresses. They also capture the RAQ, RA1, RA2, and RA3 lines from U515 in the CRT
Controller & Select stage. The registers are triggered in two parts so that the CAS(L) cycles
may be captured, by U401, which is driven by the Diagnostic CRTC/MPU Address Trigger
Control stage. The trigger signal is also sent to the LPEN (light pen) input of U515 in the CRT
Controller & Select stage. Only one trigger signal is generated. Another trigger will not occur
until the VRLCS(L) line is pulsed, indicating that all of the previously captured data has been
read. The type of trigger (crt address or microprocessor address) is determined by the state of
the trigger bit in the 'write only’ diagnostics register, U600, pin 16, located at I/O address
101hx. The address latches are 'read only' registers.

The microprocessor address trigger will occur upon the first GATE signal generated by U426A,
pin 6 of the Video Interface Synchronizer stage, after the VRLCS(L) register bank has been
read. The crt controller address trigger will occur at the first CCLK(L) time after Display
Enable has gone high, and after the VRLCS(L) register bank has been read.

Diagnostic Timing MUX (diagram 37)

The Diagnostic Timing MUX stage is comprised of multiplexers U433, U530, and flip-flops
U516A, U516B. The purpose of this stage is to provide a means of examining a large number of
repetitive signals, and to feed a number of them into the Programmable Timers (pins 20 and 21)
of the U524 microprocessor. A means is also provided to route a subset of these signals into the
Data In (pin 34) of the MUART, U523. In addition to handling the signals that are too fast for
the microprocessor, a subset of these signals are passed through a divide by 4 circuit to reduce
their rate. The multiplexers, U433 and U530, are used to multiplex the various signals in the
Display Controller Board circuitry into two input streams. The two multiplexers have common
select lines (pins 1, 2, and 4) that select the source for their outputs. These select lines are
driven by a diagnostics write only register located at I/O address 101kex. Another line from
this register provides a means to reset the divider circuitry and to force its output to the high
state. In order to let the microprocessor test the timers internally, the timer input pins must be
held at a high level.
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The output of the low-speed signal multiplexer is also connected to the DATA IN input to
MUART U523. When the proper input selection is made, the DOUT (diagnostics output) pin 59
of gate array U125 can be routed to the MUART input. This also provides a way for the
software to directly find the current state of the sync signals for the timing of various display
events.

System Timing Generator (diagram 34)

The System Timing Generator stage is comprised mainly of oscillator Y430, divider U431,
U435A, and an associated chain of gates. This stage generates all timing signals for the
Display Controller Board. Refer to Figure AA, Display controller system timing diagram.

Figure AA. Display Controller System Timing Diagram

These timing signals are derived from a 32 megahertz clock that is generated by oscillator
Y430, and with one exception, do not depend upon gate delays to produce the correct signal. The
32 megahertz oscillator provides the required crt pixel rate, and is divided down to produce 16
megahertz, which is the highest possible microprocessor clock rate.

In order to provide the automatic board test system with access to the timing chain, U332D and
U532D were added to the basic circuit. They provide the means of halting the 32 megahertz
clock and of supplying a new clock signal to the System Timing Generator circuitry. When pin
12 of U332D (connected to pull-up resistor R534) is brought low with a test probe, the oscillator
signal will be blocked from the remainder of the System Timing Generator's circuitry. The
pulled-up input of U532D, pin 12, may now be toggled externally to provide a new clock signal.

The output of gate U532D, pin 11, is connected to the input of clock divider U431, pin 2, and to
the input of U427B which is the only gate delay element on the Display Controller Board.
Gate U427B delays the 32 megahertz clock signal sufficiently that the signal edges occur near
the times when the outputs of divider U431 changes states. The output of U427B is inverted by
U434B to provide the PCLK (pixel clock) signal to the Display Controller Board circuitry. This
signal is again inverted by U434C to provide the PCLC(L) signal. This signal is used only in the
DRAM Control Generator stage. The slight delay of the PCLK(L) signal caused by U434C gives
the DRAM Control Generator stage more time to set up the inputs for the various elements.

The 32 megahertz signal is divided into four sub multiples by U431. These are MCLK
(microprocessor clock) at 16 megahertz, LCLK at 8 megahertz, FCLK at 4 megahertz, and
CCLK (character clock) at 2 megahertz. An inverted version of CCLK is generated by U434E.
The CCLK signal is also used by U435A to generate LCCLK(L) (Late CCLK). The LCCLK(L)
signal is used to provide a window in which the DRAM accesses may occur. A single DRAM
operation may occur in either or both half cycles of the LCCLK(L) signal. This delayed signal
allows the video hardware to latch the data at the very end of their memory cycle, while the
DRAM's are still holding valid data at their outputs. This delayed clocking scheme also
allows the Video Memory Interface Synchronizer stage time to resolve the marginally stable
conditions within some of its flip-flops. The LCCLK(L) signal is also used as the video phase
RASE (Row Address Strobe Enable) signal, which is the counterpart of the Gate(L) signal for
the microprocessor phase of the video memory cycle.

The MCLK (Microprocessor Clock) signal is used to drive microprocessor U524. The
microprocessor produces a lower-frequency clock (8 megahertz) from this signal which is used as
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its bus clock. This 8 megahertz clock signal must not be interchanged with the LCLK 8
megahertz signal.

DRAM Control Generator (diagram 34)

The DRAM Control Generator stage, as its name implies, generates the basic timing signals to
operate the Dynamic Random Access Memory systems on the Display Controller Board. The
control signals used for the VRS Plane DRAMs are the same as those used for the Bit Plane
DRAMs. The timing relationships for these control signals are shown in Figure AB.

Figure AB. DRAM Control Generator Timing Diagram

In addition, this stage also generates a few signals that are used in various other places on the
Display Controller Board. Shift register U326 is the heart of this stage, and its output looks
like a delay line with 31.25 nanosecond steps (refer to the timing diagram in Figure AA).

Together, U427A and U434A generate a combination of signals that is input to U425A to form a
single pulse at the start of each memory cycle. This pulse is injected into shift register U326,
pins 1 and 2. Shift register U326 is simultaneously being clocked by the PCLK(L) signal to form
a 'solid-state delay line." This delay line will produce a single pulse on each of its 8 output
lines (QO through Q7) during each memory cycle. These pulses are used to control the state of
the RS flip-flops that are constructed from NAND gates (U332A,B, U333A,B,C,D). The output
of these RS flip-flops are the DRAM control signals. The output of the solid-state delay line is
also used to generate VDLATCH (pin 10 of U732C), which is used to latch data from a :
microprocessor read, from the video memory. A few of the outputs of the delay line are used
directly for other control lines. Q3 is used in the Video Memory Interface Synchronizer stage.
Output Q6 is used by the diagnostics hardware to latch the RAS addresses from the DRAM
address multiplexers. Qutput Q7 is used to latch the word select lines VA1 and VA1(L)
sufficiently early enough to set up the DRAM control circuitry.

Diagnostic Control /Status Latch (diagram 37)

The Diagnostic Control/Status Latch is comprised of registers U600, U610, gates U613D,C, and
LEDs DS500, DS501. In some cases the Display Controller Board circuitry may not be able to
indicate a malfunction. To solve this problem, two LEDs (DS500 and DS501) have been
provided to give a visual indication of the current diagnostic test status. In addition to the two
LEDs, the output of U610 is connected to eight square pins (Diagnostic Status Pins, 0 through 7).
The state of these LEDs and square pins is determined through software. The LEDs are
controlled using two bits from the diagnostics write only register, located at I/O address 101hex.
This register, U600, is reset to all zeros when the X RESET (external reset) line on the parallel
interface is driven low. The state of the Diagnostic Status Pins (0-7) is set by the value written
into the write only register U610, located at I/O address 100r=x. This register is reset to all
zeros when the X RESET line is driven low.



Video Memory Interface Synchronizer (diagram 34)

The Video Memory Interface Synchronizer stage is the heart of the interface between the
microprocessor and the display memory. This stage is responsible first to recognize a request for
access to the display memory, then to hold off the microprocessor while a request signal is
generated and acknowledged by the video memory, and finally to release the microprocessor.

The operation of this stage begins when a midrange chip select (MCS0-3) is generated by the
microprocessor. The chip selects become valid sometime after the beginning of T1 of the
microprocessor. The signal is latched at the falling edge of clock MPUCLK (start of T2).This
stage of delay is necessary because the microprocessor generates it's chip selects before the
RD(L) and WR(L) strobes become valid. At the halfway point of T2 the request is passed to the
next stage. This stage generates the SRDY(L) (Synchronous Ready) signal to the
microprocessor. This signal will easily be setup in time to meet the setup times for the
microprocessors SRDY line. At this point the request is passed to the video memory side of the
interface.

The request from the microprocessor side of the Video Memory Interface Synchronizer stage is
now present at the input of the video memory side of the interface, waiting to be accepted. At
the next falling edge of the CCLK signal, the request is passed to the next stage, which is a
slightly delayed version of CCLK. This delay allows two things to happen. First, any
metastable condition induced by the transferring of the microprocessor request to the
asynchronous video interface, will have had time to settle out. Second, this delay allows the
memory cycle to have data present and valid at the very end of the video hardware display
cycle when the video data is latched. Once the request is clocked through the LCCLK flip-
flop, it becomes knows as GATE. The GATE signal will only go low during the MPU portion of
the video memory access time, and it will appear only once during any single microprocessor
request. The GATE signal is used to re-decode the chip select into a plane request. This plane
request will enable the hardware of the desired plane into generating a microprocessor memory

request.

As the microprocessor memory cycle proceeds, the Q3 timing signal into pin 12, U337D in
conjunction with the GATE signal into pin 6, U426A, will reset the microprocessor request. This
will clock a flip-flop to assure that this signal is present during the next MPUCLK rising edge.
Once this rising edge occurs, the request will be removed from the input of the video memory
side of the Video Memory Interface Synchronizer stage. Also, the SRDY (Synchronous Ready)
signal will be removed from the microprocessor, thereby allowing the microprocessor to continue
the memory cycle. The Q3 signal is timed such that the video memory request will be removed
from the video side before the start of the next MPU portion of the video access window. Also,
if the operation requested was a read, the reset signal to the microprocessor side of the
Synchronizer stage must occur late enough for the video memory cycle to complete and latch the
data into the bus interface unit. The read data is latched into the bus interface unit by a
combination of timing signal Q7 and GATE.

Once the microprocessor begins to finish the memory cycle, it will remove the chip select.
When the chip select signal goes high it will reset the flip-flops in the microprocessor side of
the Synchronizer stage. This action will prevent the Synchronizer stage from locking out
another immediately following video memory request. When a string operation is being done in
the video memory, the microprocessor only holds the chip selects high for just a few tens of
nanoseconds before the next cycle is begun.
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Bit Plane Address Mapper (diagram 34)

The Bit Plane Address Mapper stage consists of 4-bit binary full adders U412, U424, U428,
U514, U520, and U521. This stage is used to reduce the memory requirements of the two Bit
Plane DRAM stages. The CRT Controller & Select stage is programmed such that considerable
memory between scan lines is unused if linear mapping is done between the addresses that are
output by the CRT Controller & Select stage and the two Bit plane DRAM stages. The Bit
Plane Address Mapper stage allows this unused memory space to be compressed to a much
smaller value.

This stage condenses the offset between adjacent scan lines from 64 words down to 48 words. In
the row/column mode of the CRT Controller & Select stage, the row addresses are incremented
by "one" every time the column addresses progress through an entire count sequence. The column
count sequence is actually between only 0 and 43. The other addresses generated at the end of
the scan line (during raster retrace) are not needed, so they are ignored. From word 0 in one scan
line to word 0 in the following scan line the addresses will advance by 48 (or 30kex). If the row
address is considered as the scan line count, it could be multiplied by 30kex to get the proper
offset for each scan line. Because 30kex is not a simple shift, the column address is added back
into the newly converted row address to create the new address bit. This is accomplished by
the first three 4-bit adders U514, U520, and U521. A multiplication by 10kex is performed by just
offsetting the bits that get added to the column addresses, therefore, the lower 4 column
address bits are passed undisturbed. Then, the final three 4-bit adders U412, U424, and U428
are used to add the new version of the row address to the proper bits of the column address.
This stage will complete the above operation in between the time that the CRT Controller &
Select stage generates the new addresses and the occurrence of the rising edge of the CCLK
signal, which is when the new addresses are used.

Bit Plane Address MUX (diagram 34)

The Bit Plane Address MUX (Multiplexer) stage is comprised of U404. U410, U414, U421, U403,
U400, U634E and U325B. This stage is used to multiplex the crt addresses for the bit planes and
the microprocessor's addresses. Within this stage there are two sets of multiplexers. The first
set performs the actual address multiplexing, and the second set multiplexes the results of the
first set. The output of this stage provides the multiplexed addresses required by the Bit Plane
1 and 2 DRAM (Dynamic Random Access Memory) stages.

This stage performs a fairly simple transformation, as the least significant bit of the Bit Plane
Address Mapper stage output is paired up with the least significant "word" address bit from
the microprocessor. These multiplexers are controlled by a buffered and slightly late version of
CCLK, with the exception of the least significant multiplexer. The low order multiplexer uses
an unbuffered version of CCLK and a faster chip to ensure the VA1 line sets up flip-flop U325B
soon enough. These multiplexers are controlled by the COLADR (Column Address) signal from
the DRAM Control Generator.

VRS Plane Address MUX (diagram 34)

The VRS Plane Address MUX (Multiplexer) stage is comprised of U405. U411, U415, U423,
U413, and U420. This stage is used to multiplex the crt addresses for the VRS Max Plane DRAM
and VRS Min Plane DRAM stages, and for the microprocessor's addresses. Within this stage
there are two sets of multiplexers. The first set performs the actual address multiplexing, and



the second set multiplexes the results of the first set. The output of this stage provides the
multiplexed addresses required by the VRS Max and Min Plane DRAM (Dynamic Random
Access Memory) stages.

The input selection for the multiplexers is done using the same buffered CCLK signal that the
Bit Plane Address MUX stage uses. This stage performs the same function for the VRS (Vertical
Raster Scan) as the Bit Plane Address MUX stage performs for the two Bit Plane DRAM stages.
That is, to put the most rapidly changing address bits in the row address lines. These
multiplexers are controlled by same signal (COLADR line) as the Bit Plane Address MUX.

Bit Plane 1 & 2 DRAM Control (diagram 35)

The following discussion will cover both the Bit Plane 1 DRAM Control and the Bit Plane 2
DRAM Control as one stage. The bit plane memory system is constructed of 64K Dynamic RAMs
in a 16K X 4 configuration, running at a cycle time of 250 nanoseconds. The bit planes respond to
memory requests from two sources.

First, from the video hardware, which needs refreshing every 500 nanoseconds. This request is
formed by using the high state of the ACCLK signal, which is an inverted version of LCCLK(L)
(Late Character Clock).

Second, from the combinations of the GATE(L) signal, and from the midrange chip select lines
from microprocessor U524. The video hardware requests are always word reads, while the
microprocessor requests can be read or write, either byte or word type.

Once the request has been formed it is used along with a buffered version of CAS(L), and a word
select line, VA1 and VA2(L), in order to determine which set of chips to send the request. The
RAS signal is combined with the RASE signal to produce a signal (Q6 of U326) to the RAMs
that will only occur when there is a valid cycle to be performed. Because the least significant
bit is lost due to the word select line, twice as many addresses must be presented to the DRAMs
in order to keep them refreshed.

When a microprocessor request occurs, the RAS signal is also sent to the other plane. The
WE(L) signal (pin 8 of U320C) is constructed using the R/W(L) signal from the microprocessor
and combining it with the GATE signal, so that a WE(L) can only be created during a
microprocessor memory cycle.

Bit Plane 1 DRAM (diagram 35)

The Bit Plane 1 DRAM stage is comprised of dynamic random access memories U210, U211,
U212, U213, U214, U215, U216, and U217. The following discussion will cover both the Bit
Plane 1 DRAM and the Bit Plane 2 DRAM stages, since implementation of the two planes are
identical, except where noted. The memory system is constructed of 64K Dynamic RAMs ina
16K X 4 configuration, running at a cycle time of 250 nanoseconds. The bit planes respond to
memory requests from two sources.

First, from the video hardware, which needs refreshing every 500 nanoseconds. This request is
formed by using the high state of the ACCLK signal, which is an inverted version of LCCLK(L)
(Late Character Clock).
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Second, from the combinations of the GATE(L) signal, and from the midrange chip select lines
from microprocessor U524. The video hardware requests are always word reads, while the
microprocessor requests can be read or write, either byte or word type.

Once the request has been formed it is used along with a buffered version of CAS(L), and a word
select line, VA1 and VA2(L), in order to determine which set of chips to send the request. The
RAS signal is combined with the RASE signal to produce a RAS(L) signal to the RAMs that
will only occur when there is a valid cycle to be performed. Because the least significant bit is
lost due to the word select line, twice as many addresses must be presented to the DRAMs in
order to keep them refreshed.

When a microprocessor request occurs, the RAS signal is also sent to the other plane. The
WE(L) signal (pin 8 of U320C) is constructed using the R/W(L) signal from the microprocessor
and combining it with the GATE signal, so that a WE(L) can only be created during a
microprocessor memory cycle.

Bit Plane 2 DRAM (diagram 35)

The Bit Plane 2 DRAM stage is comprised of dynamic random access memories U310, U311,
U312, U313, U314, U315, U316, and U317. Since the function of this stage is identical to that of
the Bit Plane 2 DRAM stage described previously, you must refer to that stageheading for a
circuit description.

Plane 1 Data Buffer (diagram 35)

The Plane 1 Data Buffer stage is comprised of octal bus transceivers U200 and U201. This stage
provides synchronous two-way communications between the bit 1 data bus and the video data
bus.

Plane 2 Data Buffer (diagram 35)

The Plane 2 Data Buffer stage is comprised of octal bus transceivers U300 and U301. This stage
provides synchronous two-way communications between the bit 2 data bus and the video data
bus.

Plane 1 Video Shifter (diagram 35)

The Plane 1 Video Shifter is comprised of register U220. Bit data that is read from the Bit
Plane 1 DRAM stage is latched into the video shift register U220, then shifted out serially.
The shifted data is passed to the VRS Generation & Control stages custom gate array, U125, for
further processing.

The bit map data is presented to the input of the 16-bit video shift register, U220, at the end of
the video hardware memory cycle. This data is latched into the video shift register upon the
falling edge of the PCLK signal, when the BSRLOAD signal is held high. The least
significant bit of the video memory word is shifted out first. This shifted data is fed into flip-
flop U230A,B, whose active high drives the CNTE (counter enable) on gate array U125.
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For the current monochrome implementation of the Display Controller Board circuitry, there
are only two planes of video memory; the Bit Plane 1 DRAM, and Bit Plane 2 DRAM stages.
Their video shifter outputs, BP1 and BP2, respectively, are fed into the corresponding inputs of
the VRS Generation & Control stage, U125. The BP0 input, pin 55, of U125 is connected to ground
for this implementation. If another plane was to be added, its video shifter output would be
connected to the BP0 input.

Plane 2 Video Shifter (diagram 35)

The Plane 2 Video Shifter stage is comprised of register U221. Since the operation of this stage
is essentially the same as that of the Plane 1 Video Shifter stage above, only that stage will be
described.Refer to the Plane 1 Video Shifter stage heading.

VRS Plane DRAM Control (diagram 36)

The Video Raster Scan Plane Dynamic RAM Control stage is comprised of U222B,
U223A,B,C,D, U330A,B,C,D, U334C,D,E,F, U335B,C, U336B,C, and associated components.

VRS Max Plane DRAM (diagram 36)

The VRS (Video Raster Scan) Max Plane DRAM stage is comprised of Dynamic Random Access
Memory devices U120, U121, U122, and U123. The following discussion will cover both the VRS
Max Plane DRAM and the VRS Min Plane DRAM stages, since they operate the same. Further,
in most respects these two stages are the same as the Bit Plane 1 and Bit Plane 2 DRAM stages.
The major difference between these two pairs of stages is, while the bit planes each produce a
16-bit word on each video hardware memory cycle, the VRS planes memory each produces a 32-
bit word. In order to interface with the 16-bit microprocessor bus, The 64K byte VRS memory
plane has been divided into two 32K byte planes. Even though the VRS memory system
requires about 9 display cycles at the start of each scan line, the RAM will generate data on
every video hardware memory cycle. This eliminates the necessity of more logic to decode the
valid times for the VRS.

The word select lines are used only to decode the microprocessors request into the proper bank,
as opposed to the bit planes where the word select lines were used to select between banks for
all memory requests. Like the bit plane memory, the VRS memory is both byte and word
addressable from the microprocessor. The same WE(L) signal is used for this memory.

VRS Min Plane DRAM (diagram 36)

The VRS Min Plane DRAM stage is comprised of Dynamic Random Access Memory devices
U110, U111, U112, and U113. Since the operation of this stage is similar to that of the VRS
Plane Max DRAM stage described previously, you must refer to that stage heading for a circuit
description.
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VRS Plane Data Buffers (diagram 36)

The Vertical Raster Scan, Plane Data Buffers stage is comprised of octal bus transceivers U100,
U101, U102, U103. This stage provides combined synchronous two-way communications between
the Video 0 Data/Video 1 Data busses and the 16-bit Video Data output bus.

VRS Generation & Control (diagram 36)

The VRS Generation and Control stage is comprised of custom gate array U125, and associated
components U124, U224A,B,C, U230A,B, U231, and U337A,B,C. Gate array U125 has a gate
density of about 3000 gates. This gate array provides the Display Controller Board circuitry
with a high-speed method of translating waveform data from the waveform processor circuitry
into a displayable image. To this end the U125 gate array is placed between the output of the
bit planes and the input to the CRT Driver Board circuitry. The U125 gate array is capable of
handling a color display system. The VRS (Vertical Raster Scan) system requires nine 29-bit
display words to be loaded into the gate array before the VRS display time of each scan line.
In the current implementation, there are 160 pixels presented on the current scan line before the
VRS system is enabled. The U125 gate array combines the bit plane's video data with the data
that it generates to produce the final video output.

The U125 gate array contains a color lookup table and some diagnostics support hardware.
These functions are accessed using serial interfaces that are driven by microprocessor U524.

As stated previously, in the current implementation of the Display Controller Board circuitry,
the VRS display time starts 160 pixels after the start of the scan line. Before the start of the
VRS time, the internal registers must be loaded and the device's counters must be initialized.
The control signals for these operations are generated by PAL (Programmable Array Logic)
U231. The register load signals CSRO(L) to CSR7(L) and CSRC(L), (pins 1-8 and 63,
respectively) occur at the end of the video hardware memory cycle. These active low signals
are actually generated by the 3 to 8 decoder, U124, by the Enable signal (U231, pin 19), and the
low order address lines of the crt controller. The current implementation makes use of the fact
that the low order address lines always progress through the 0-F sequence at the beginning of
each scan line, undisturbed by the actions of the mapping hardware, and independent of the
actual scan line that is being displayed. In the 160 pixel period of time that the VRS system is
being loaded, the video memory actually performs 11 video hardware memory cycles; ten cycles
plus another to cover the pipeline effect of the access time delay.

After all of the VRS display data has been loaded, the PAL (pin 170f U231) generates an
INIT(L) signal to reset all of the counters and state latches within the VRS system. As the
VRS time is about to start, the PAL generates another signal at pin 16, U231, which triggers
flip-flops U230A and U230B to generate the start signal CNTE (counter enable) at the proper
clock edge. At the end of the VRS display time, U231 generates a pulse at pin 15 that resets
flip-flops U230A and U230B, and removes the CNTE signal.

The MUART stage generates a variety of signals that allow microprocessor control of the VRS
system. The SCALE(L) signal, U231, pin 9, that sets the current scaling factor for the incoming
waveforms also drives U125, pin 39, which is the AXMD (axis mode) signal. This determines
the number of axes to place upon the screen, one or two. The BLANK(L) signal, U125 pin 47,
allows the microprocessor to blank the video output of the Display Controller Board circuitry.
If the BLANK(L) signal is active, all the video outputs will be driven low. The VRS signals
CMPD and DIND (U125, pins 44 and 52) for Color Map Data and Diagnostics Input Data,



45

U700a and associated circuitry detects the relatively small rising transition as a result of the
IRLED's coupling light to the phototransistors. Feedback diode CR700b allows U700a to have
very high gain in the positive direction and unity gain in the negative direction to achieve
high sensitivity and still have adequate response time.

U700b and the four associated resistor shift the 0 to -5 volt levels from the previous stage to
TTL compatible levels.

Touch Panel Address Generator

U213 (Front Panel Control Board) generates the 6 bit address bus that is used to select an
infrared LED and its compliment phototransistor on the Touch Panel Board.

U211 buffers the Touch Address bus before leaving the Front Panel Control Board.

Clock and Control Generator

U111 and associated resistors and capacitor generate a squarewave at approximately 90 kHz
that drives U103 and U114 clock inputs.

U210a generates a pulse called "Sync" that is used to synchronize the Touch Address bus to the
8279 (U103) on the falling edge of /CNT7 from the select lines SLO-SL2 on U103. This trailing
edge triggers the one-shot that generates a 500 nS wide pulse.

Along with clearing counters U213a and U213b, this sync pulse causes a value of 7 to be loaded
into the clock generator U114, which skews the Touch Addresses ahead by approx 70 ps. The
reason for the skew is that the 8279 inherently samples the data on the selected Return Line at
the CENTER of it's count duration which results in wasted time following the sample that
could be used to set up the analog multiplexers next selection. It also allows more time for the
turn on delay of phototransistors.

InfraRed Enable pulse (/IREN)

This pulse ultimately turns on the selected Infrared LED on the Touch Panel Board. U113a,
U115b, and U212¢ use various clocks from U114 to generate the Infrared Enable pulse. /IREN
goes active (low) 50us before U103 samples the selected Return Line. This allows ample time
for the phototransistor to turn on and stabilize.

The /Sync inputs to U113 ensures that the flip flop’s start and stay in proper phase.
The /IRDIS input to U212c is used for diagnostics to disable the /TIREN pulse which inhibits all

IRLED's from turning on. This gives the ability to check that all Touch zones change states
showing there are no shorted runs and/or phototransistors.
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Latch Enable pulse (/LEN)

This signal causes the incoming serial data (SDATA) to be latched into the selected registers of
U1001 The 8279 requires that all eight return lines be held stable until the last return line
(RL?7) is sampled, at which time the byte is loaded into the Sensor RAM. Although the data is
dumped into the RAM a byte at a time, each incoming bit is individually compared with the
same bit already stored in RAM. If a difference is found, the 8279 sets an internal flag that
enables the IRQ line to be asserted when the current scan is completed.

The rising edge of /LEN occurs at the same time the 8279 samples the selected return line.

Soft/Hard key Decoding

For this section, refer to the "8279 Sensor Memory Array" table in the back of this document
when necessary.

The first 8 bits (byte 0) are unused because of a problem inherent in the 8279.

U760 and U761 on the Touch Panel board decodes the next five bytes, 1 through 5, and are
mapped to the X and Y axis of the touch grid.

Byte 6 is used for the Major Menu Hard Keys and are decoded by U761 on the Touch Panel
Board.

Byte 7 is decoded on the Front Panel Control Board by U212a and enables the 74LS151 to route
the Front Panel button Board Hard Key states to the 8279.

Menu Status LED Drivers

The Major Menu LED light bars are driven by the display refresh register outputs of the 8279
(on the Front Panel Control board). Internally there is a block of display RAM organized as
eight by eight bits. With respect to the "8279 LED Display Memory Array" table in the back of
this document, the display RAM is scanned column by column, automatically, lighting the
appropriate LED bar(s) when a high bit is encountered. U200, U203, and U214 allow blanking
with /BD signal during switching and drive the transistors in U205 and U216 that sink the LED
current.

80286 to A Hardware-Software Interface
8279 Modes and Commands:

The following commands program the 8279 operating modes. All commands are sent to the
control register at address 3302H. All data is read from or written to address 3300H.
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Initial setup

Keyboard/Display Mode Set—04H

Keyboard mode—This input mode is set to "encoded scan sensor matrix".

Display mode—This output mode is set to "8 8-bit character display, left entry".

Thus, after power up and/or RESET, a value of "04" should be written to the contrel register to
set these modes.

Program Clock—22H

This internal clock prescaler should be set to a value of 2, thus, a value of "22" should be written
to the control register only after power up and/or RESET.

Display Blanking—AOH

This value should be sent to the control register initially to prevent the display outputs from
powering up in the blanked state.

Clear command—C1H

Writing this value to the control register clears all bits in the display RAM and resets the

Sensor RAM pointer to row 0. It also resynchronizes the internal timing chain. When this
command is used, no data can be written to the display RAM for 160 ps.

Touch Panel and Hard Keys
Read Sensor RAM —50H

In order to read the contents of the sensor RAM, this command must first be written to the control
register. Upon receiving an interrupt, writing a value of "50" sets the first read to be from the
first row of RAM and sets the auto-increment flag so that each successive read wil be from the
next row of RAM. To read all 64 bits of Sensor RAM, make 8 consecutive reads from the data
register after writing this command. Refer to the tables and front panel drawing in the back of
this document to relate memory bits to actual physical screen locations.

Once the "image" changes and the 8279 asserts the interrupt line, further writing into sensor
RAM from the Touch matrix and Hard Keys is inhibited until the interrupt line is reset.

End Interrupt—EOH

Writing and "EO" to the control register resets the interrupt line, usually after reading the
Sensor RAM contents.
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Menu Status LED's
Write display RAM—90H

The EXP sets up the 8279 for a write to the display RAM by first writing this command.
Writing the value "90" to the control register places the first data write into the byte 0 column
and sets the auto-increment flag such that all subsequent data writes will be to the next column
of display RAM. With respect to the "8279 LED Display Memory Array" table in the back of
this document, the LED's are scanned from left to right. The LED's turn on with a high in RAM,
so, for full intensity, set all eight bits to 1's in the appropriate row.
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the System Bus by setting the HLDA (Hold Acknowledge) line high. The DMA sets the -GPIB
GR (GPIB Grant) line low to tell U410 the DMA is talking to it. Then U410 sets GPIB RQ low.
The data transfer takes place over the System Bus, either a read or a write. (At present, the
DMA is only used to write to U410.) When the data transfer is complete, the DMA sets the
-GPIB GR line high and returns the System Bus to the microprocessor.

The two diode packs (CR602, CR603) are connected to each of the signal lines on the GPIB Bus.
They protect the GPIB Bus drivers (U500, U510) from static discharge damage.

The Standard RS-232 Controller (U311) is connected to the same Data Bus and Address Bus as
the GPIB Controller. RPD to RPDO transfers data to and from the microprocessor. RPA1 to
RPA4 address lines are used by the microprocessor to select individual registers in the
Cotnroller. The -STD RS SEL line goes low when the microprocessor wants to communicate with
U311. (This line drives the Chip Enable on U311.) The -RD and -WR signals are driven by the
microprocessor tosignal if U311 is to be read or written. U311 can requst service from the
microprocessor by setting the ~STD RS INTR (interrupt) line low. The microprocessor can
transmit data on the RS-232 bus by writing a byte into the Controller's transmit buffer. The
microprocessor can receive data from the RS-232 bus by reading a byte from the receiver buffer.
The microprocessor can also read the status of U311. The RS-232 Conrtoller translates the
parallel data from the microprocessor to serial data on TXD RS-232 Bus. It also converts the
serial data from RXD on the RS-232 Bus to parallel data for the microprocessor. U310 and U210
are transmit and receive buffers which are compatible with the RS-232 Bus. Clear To Send
(CTS) and Data Set Ready (DSR) are RS-232 control signals that can be controlled by the
microprocessor. Request to Send (RTS) and Data Terminal Ready (DTR) are signals that can be
ready by the microprocessor. Received Signal Detect (RSD) is always high when power is on.
This RS-232 port is a DCE type.

Two diode packs are connected to all the signal lines on the RS-232 Bus. The diodes clamp the
lines to a maximum of + or -15 volts. This is to protect U210 and U300 from static discharge to
the external connector or cable.

The Printer Port (J111) is controlled by a Programmable Peripheral Interface IC (U430). This IC
has all the control lines necessary to connect to a microprocessor, plus 2 general purpose 8 bit
ports and the control signals to use them. The Rear Panel Data Bus and Address Bus connect to
U430 and have the same function as described for the GPIB and RS-232 Contorllers. The
~Printer Sel line is set low by the microprocessor when it is communicating with U430. The -RD
and -WR lines allow the microprocessor to either read or write to the registers in U430. U430 is
initialized by the microprocessor for Port A to be a strobed output prot and Port B to be a storbed
input port. Port C provides the control signals.

To send a byte to the printer, the microprocessor writes the byte to U430's Port A. The data
appears at Port A and passes to a buffer [U520) and on to the printer port (J111). Next the Port
A Output Buffer Full (-OBF) signal goes low and triggers a one-shot (U330A) which triggers a
second one-shot (U330B). U330B pin 12 then pulses low for 1 us. This is buffered by U541 which
drives the printer Data Strobe (-DS) signal. When the printer receives the Data Strobe and is
ready for the next byte, it returns an Acknowledge (-ACK) signal to U541-8. This then drives
U430-11 (Port A acknowledge signal). This completes the handshake of the Printer Controller
with the printer. U430 now sets its pin 17 (INTR) high. This signal is inverted by U610C and
becomes an interrupt to the processor to tell it the printer is ready for more data.

This Printer Port can also be put in a test mode which causes the data going out through U520 to
return through U540 to U430's Port B. This is done by setting U430 pin 13 (NOR/TEST) low.
This enables U540. Port B of U430 handshakes with Port A of U430 when this port is set in test
mode.
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When the printer port is in normal mode (U430 pin 13 high), the printer status is available
through Port B. The status information from U541 is strobed into Port B by the microprocessor
setting U430 pin 12 (SSTB/INP) low then high. This signal goes through U610B to U430-16
(-STB for Port B).

All the signal lines on the Printer Port (J111) are connected to two diode packs (CR605, CR606).
These clamp the lines at the maximum of 0 and +5 volts. This is intended to protect U520, U540,

U541 from static discharge on J111.

ET Series 100

Rear Panel Board Interface J78:

Pin Signal Full Signal

Number Name Name

1 -RESET RESET NOT

2 DO DATA LINE 0

3 D1 DATA LINE 1

4 D2 DATA LINE 2

5 GND GROUND

6 D3 DATA LINE 3

7 D4 DATA LINE 4

8 D5 DATA LINE 5

9 GND GROUND

10 Dé6 DATA LINE 6

11 D7 DATA LINE 7

12 —4MCK 4 MHz CLOCK

13 GND GROUND

14 Al ADDRESS
LINE 1

15 A2 ADDRESS

LINE 2

Definition and Use

System reset from microprocessor board. Used
to initialize IC's on the R.P. Board.
Bidirectional data bus, buffered from the
microprocessor Bus. Used to communicate with
the microprocessor.

Same as above (SAA1).

SAAL

Power supplies and signals return path.
SAAL

SAAl.

SAAl.

Power supplies and signals return path.
SAALl.

SAAL.

Clock to drive the GPIB IC.

Power supplies and signals return path.
Buffered and lached address line from the
MiCTOprocessor.

Used to select the registers inside the LSI ICs
(UART, GPIB, etc.).

Same as above (SAA2).



16 A3 ADDRESS
LINE 3
17 GND GROUND
18 A4 ADDRESS
LINE 4
ET Series 100
SDI Plug-In Communications Interface J90:
Pin Signal Full Signal
Number Name Name
1 +15V +15 VOLTS
2 L.SDI.CK LEFT SDI
CLOCK
3 -15v -15 Volts
4 R.SDI.CK RIGHT SDI
CLOCK
5 PU/-D POWER UP/
-DOWN
6 L.D. LEFT DATA,
PI>MF PLUGIN TO
MAINFRAME
7 GND GROUND
8 L.D. LEFT DATA,
MF>PI MAINFRAME
TO PLUG-IN
9 R.D. RIGHT DATA,
MF>PI MAINFRAME
TO PLUG-IN
10 GND GROUND
11 A.D. AUXILIARY
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SAA2.

Power supplies and signals return path.

SAA2.

Definition and Use

This is the +15 volt supply to the Card Cage.
Its source is the Plug-in Interface board.

This clock drives the Left Plug-in
compartment's serial communications port. Its
source is the Std. I/O board.

This is the -15 volt supply to the Card Cage.
Its source is the Plug-in Interface board.

This clock drisves the Right Plug-in
compartment's serial communications port. Its
source is the Std. I/O board.

When this line is high, the power supplies are
up and regulating. When it is low, it is an early
warning that the supplies are going down or are
down. The source of the signal is the power
supply via the Plug-in Interface board.

This is a serial data path.Data flows from the
left plug-in to the mainframe to request setup
info and to return its status.

This is predominantly a signal return path,
although supply currents return here too.

This is a serial data path. Data flows from the
mainframe to the left plug-in to control it and
ask for status information.

This is a serial data path. Data flows from the
mainframe to the right plug-in to control it and
ask for status information.

This is predominantly a signal return path,
although supply currents return here too.

This is a serial data path. Data flows from the



12

13

14

15

16

19

20

21

24

26

27

PI>MF
R.D.
PI>MF
GND

A.D.
MF>PI

A.SDI.CK

GND

-RD

GND

DBIN

-GPIB.RQ

-GPIB.GR

GND

-GPIB.SEL

-STD.RS
SEL

DATA PLUGIN
TO MAINFRAME

RIGHT DATA,
PLUGIN TO
MAINFRAME
GROUND
AUXILIARY
DATA MAIN-
FRAME TO
PLUG-IN
AUXILIARY
SDI CLOCK
GROUND

READ NOT

WRITE NOT

GROUND

DATA BUS IN

GPIB REQUEST
NOT

GPIB GRANT
NOT
GROUND

GPIB SELECT
NOT

STANDARD
RS232 SELECT

aux. plug-in to the mainframe to request setup
info and to return its status.

This is a serial data path. Data flows from the
the mainframe to request setup info and to
return its status.

This is predominantly a signal return path,
although supply currents return here too.

This is a serial data path. Data flows from the
mainframe to the aux. plug-in to control it and
ask for status information.

This clock drives the Aux. Plug-in
compartment's serial communications port. Its
source is the Std. I/O board.

This is predominantly a signal return path,
although supply currents return here too.

If this is low, the selected LSI IC is being read
by the microprocessor. It should put data on the
data bus (DO>D?).

If this is low, the selected LSI IC is being
written to by the microprocessor. It should store
the data from the data bus on the rising edge of
-WR.

Power supplies and signals return path.

If this is high, the GPIB IC is being read by the
microprocessor or if it is low during a DMA
grant to the GPIB, the GPIB IC is being read by
the DMA. It should put data on the bus. (See
#24 below).

If this is low, the GPIB IC is requesting service
from the DMA. Itis used for higher speed data
transfers.

If this is low, the DMA controller is granting
service to the GPIB IC. DBIN tells the GPIB if
it is a read or a write. (lo - read, Hi — write).

Power supplies and signals return path.

If this is low, the GPIB IC is selected to
communicate with the microprocessor.

If this is low, the standard UART is selected
to communicate with the microprocessor.
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28

29

30

31

32

33

35

37

38

39

40

~-OPT.RS
SEL

-CENTRONIC
SEL

GND

-GPIB.INTR

-STD.RS
INTR

-OPT.RS

-CENTRONIC

GND
GND
%212V

+5V

+5V

-12V

NOT
OPTIONAL
RS232 SELECT
NOT

CENTRONIC
SELECT

NOT
GROUND
GPIB INTER-
RUPT NOT

STANDARD
RS232

INTERRUPT NOT

OPTIONAL
RS232

INTERRUPT NOT

CENTRONIC

INTERRUPT NOT

GROUND
GROUND
+12 VOLTS

+5 VOLTS

+5 VOLTS

-12 VOLTS

If this is low, the optional UART is selected
to communicate with the microprocessor.

If this is low, the Parallel Interface IC is
selected to communicate with the
microprocessor.

Power suplies and signals return path.
If this is low, the GPIB IC is requesting service

from the microprocessor via the interrupt
controllers.

If this is low, the standard UART is requesting
service from the microprocessor via the
interrupt

controllers.

If this is low, the optional UART is requesting
service from the microprocessor via the
interrupt

controllers.

If this is low, the Parallel Interface IC is
requesting service from the microprocessor via
the interrupt controllers.

Power suplies and signals return path.

Power supplies and signals return path.

The +12 volt power to the RS-232 line drivers.

The +5 volt power to the ICs on the Rear Panel
Board.

Same as above.

The -12 volt power to the RS-232 line drivers.
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A14 Input/Output Board

The Standard I/O board is an interface between the Executive Processor (EXP) and
communications ports (i.e. RS-232-C, GPIB, etc.), devices on the Front and Rear panel boards,
and the plug-in units. It also contains the system Timer, the Real Time Clock, the Serial Data
Interface device, the Temperature Sensor and the Tone Generator. The EXP reads and writes to
these I/O devices and the communication ports at specific I/O addresses. Accesses to these [/O
addresses are decoded to produce device select lines which enable the addressed device. Each
I/0 device is located at an I/O address at least 100hex from any other I/O device. Except for
the mother board interface, all the interfaces are via these flexible cable connections:

J72—Front Panel Control Board
J77—Main Processor Board
J78—Rear Panel Board
J90—Plug-in Interface Board

The lower eight bits of the Executive Data Bus are used to transmit data to and from the
various I/O devices. The EXP uses this byte of data to configure the various I/O devices and to
read their statuses. Naturally, only one I/O device can be accessed at a time.

When the DMA Controller (option 4D) is installed on the Main Processor Board, the Standard
I/0 board handles GPIB operations differently. See the heading GPIB Control for details of
the GPIB interface.

I/O Data Buffer (diagram 21)

The lower eight bits of the Executive Data bus from P105 are buffered by the I/O Data Buffer
U832. The output is the I/O Data Bus, which drives data to four different on-board devices.

I/0 Delayed Data Buffer (diagram 21)

The 1/0 Delayed Data Buffer interfaces between the I/O Data Bus and the Write Delayed
Data Bus. BDEN, WDDEN(L), and OBSEL are NANDed together to enable the buffer. BDEN
is a buffered version of the EXP Data Enable signal. WDDEN(L) is activated by the I/O
Control circuitry to keep BDEN from immediately turning on the I/O Delayed Data Buffer at
the beginning of a write cycle, when the previous bus cycle was a read from another Write
Delayed Data Bus device (i.e. Real Time Clock, Timer, or SDI). The devices using the Write
Delayed Data Bus are MOS parts and take a long time (100 — 200ns) to turn off their output
drivers. The delay ensures that only one device will drive the data bus at a time. The other
enable signal input to U520B is OBSEL, which is generated by the Address/Decode Select
circuit to indicate selection of an on board /O device.
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Timer Configuration Logic (diagram 21)

The Timer Configuration Logic is comprised of latch U720 and three 2-input data multiplexers
built with discrete gates. When the EXP writes to I/O address 3200kex, LS4(L) and BIOWC(L)
go active and latch the I/O data bus. Some of the latched bits are used to individually
configure the way that Counters 1 and 2 are used. This lets the Timer accept different inputs for
different system tasks. U712A and B and U714A determine whether 6 MHz PCLK or the
Executive bus signal DIAGNSIG is passed to the CLK input of Counter 2. DIAGNSIG is used to
signal the occurrence of a diagnostic test or an operation in a test. The results of a tests on
Executive bus boards are put onto DIAGNSIG. U714D supplies the Gate input, G2, with either a
constant enable or with DIAGNSIG. When DIAGNSIG is selected as the gate, it can allow
PCLK pulses to clock Counter 2. This gives diagnostics the ability to determine how long a
DIAGNSIG pulse lasts in that the number of PCLK pulses recorded can be used to compute the
duration of the DIAGNSIG gate pulse.

The Counter 1 multiplexer consists of U714C, U712C and D and allows PCLK or the output of
Counter 2 to be fed into the CLK 1 input. Cascading the two counters provides for longer counts.

The two lowest bits out of latch U720 can be used to invert the outputs of Counter 1 and Counter
2. This is necessary because the Timer can be set in different modes, and some of these result in
an active low output when a counter event occurs. The counter outputs must be active high out of
U820 to drive the EXP interrupt pins. The inputs and modes of the counters can be changed at
any time.

Counter 0 is used by the operating system as a real-time clock based on the constantly enabled 2
MHz Clk input from the Clock Generator. The Counter 0 output is used to clock U812B. On a
positive-going edge, the high D input appears on the output as an IR14 interrupt to the EXP. To
clear the interrupt from U812B, the system does a read from the Timer Configuration Logic port
at 3200rex. Counter 0 runs continuously and generates a positive edge interrupt every time it
reaches a maximum count. Then Counter 0 resets to zero and continues counting while the EXP
services the Timer interrupt.

Real Time Clock (diagram 21)

The Real Time Clock is comprised of U614 and its oscillator circuit. It keeps track of the current
time of day, which is set and read by the EXP. The chip select LS9(L) allows access to the
internal registers for I/O reads (BIORC(L)) and writes (BIOWC(L)) of date data. The WR
input is driven by BIOWC(L) gated with DLYIO to satisfy timing requirement of U614. Jumper
J230 is removed for shipment so the lithium battery, BT130 which powers the Real Time Clock
when the main supply is off, is disconnected enroute. Instrument setup instructions direct the
technician to replace jumper J230. Battery backup switching is built into the chip to sense when
the main supply voltage is low, and enable the battery supply.

CAUTION

Lithium batteries can be dangerous when they are discharged too fast, when more
than a minute charging current is applied, or when they must be changed, (see the
warning on Lithium batteries in the maintenance section of this manual).

C510 can be used to adjust the oscillator frequency. Putting a probe on the OSC IN or OSC OUT
lines will cause a shift in frequency. So, to calibrate the Real Time Clock, software must set it
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up in a mode to produce a counter interrupt once every second. Then a timer-counter is used to
measure the period from a falling edge to the next falling edge while adjusting C510 to set the
period to exactly one second. Six internal registers are addressed with the address lines and
loaded from the Write Delayed Data Bus with time of day data. Additional registers allow
an alarm function to generate an interrupt output when a specific time occurs. The user can enter
the local time after battery jumper J230 is in place.

Each time-count register is read to get information on the present time. To do so, a special
register address must be read which causes a second set of readable registers to latch the current
state of the count registers. A second read of the registers will give the latched time.

Serial Data Interface (SDI) (diagram 21)

The Serial Data Interface (SDI), U330, is a custom chip that provides serial data
communication between the EXP and the three plug-in slots and with both Front Panel knobs. It
is controlled by the EXP and it interrupts the EXP when a device requires service. The EXP
controls the SDI with I/O writes (BIOWC(L)) and reads (BIORC(L)) to I/O address 2000hex -
203Ekex. The PCLK input is clocked with the 8 MHz signal from the on board Clock Generator.
Separate address and data buses are used even though the eight data lines are marked as AD.

The plug-in interface allows communication with the various plug-in units which may reside in
the mainframe. SDINs and SDOUTs are serial data inputs and outputs, respectively. The
current-limiting 100 ohm in-line resistors and the clamping diode packs CR230 and CR231 give
protection from damage due to inserting or removing plug-in units with the power on. Pull-up
resistors (10 k) are attached to both the inputs and outputs and tied to 5 volts to pull the lines
high when no plug-in is installed. These input and output lines can be read internally by the
'SDI to determine if a plug-in is installed in each slot.

Input SDICLK monitors CLK10UT, which is half the frequency of the 8 MHz, Pin 2 PCLK
input. CLK1OUT is used to synchronize serial data transfers and is buffered by U320C to reduce
loading on the SDI chip. To keep the clock polarity the same as CLK1OUT and to keep a
shorted clock line on one plug-in from disabling the other three, the clock signal is inverted and
buffered separately for each plug-in channel.

I/O Address Latch (diagram 21)

Executive Address bus lines A0 — A7 are latched by U632 when ALE is high and used to drive
various devices.

Address Decode/Select (diagram 21)

PALs U722, U732, and U730 are used to generate all chip selects for on-board devices and for
devices on the Front- and Rear-Panel Boards. Executive address lines A0 and A8 - A15 and EXP

control lines M/IO and COD/INTA are decoded to produce device select lines SO(L) -
S17(L).The device select lines and their associated I/O addresses are listed in Table X.X.
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Table X.X
/O Addresses for Device Selects]
PAL I/O Address Select Line Select Name
2000 - 203E S1(L) SDI Sel(L)
S2(L) Not Used
U722 3100-3106 S3(L) Timer Sel(L)
3200 S4(L) Timer Confsel(L)
3300 - 3302 S5(L) Touchpanel Sel(L)
3400 S6(L) TP LED Sel(L)
3500 S7(L) Not Used
3600 S8(L) Not Used
3700 -373E S9(L) RT Clock Sel(L)
3800 S10(L) Tone Gen Sel(L)
U732 3900 S11(L) Temp Sense Sel(L)
S12(L) Not Used
S13(L) Not Used
4100 - 410E S14(L) GPIB Sel(L)
4200 -421E S15(L) RS-232C Sel(L)
U730 6100 S16(L) Opt. RS-232C Sel(L)
6200 S17(L) Printer Sel(L)

The device select lines are latched by U622 and U630 with the bufferedAddress Latch Enable
signal, BALE. The buffer outputs reflect the inputs while BALE is high, and the outputs are
always enabled by the U420E output. The latched select lines go to on-board devices and to the
Rear- and Front-Panel Boards. The Latched Select lines are also gated to produce buffer enable
lines for the I/0 board (OBSEL), the Front panel board (FPSEL) and the Rear-Panel Board
(RPSEL).

The unlatched, device select lines are gated to produce an early wait request for the EXP that
will result in one to four EXP clock (PCLK) cycles being added to the current bus cycle. Later,
when the latched select lines become valid, they are gated to request a specific number of wait
states for the current bus cycle. The signals connected to U430 but not to U522A or U530 produce
the default of four wait states inserted after the wait request. DMAOQ SEL(L) acts as a chip
select for DMA operations on the Rear-Panel Board. DMAQ SEL(L) used to request one wait
state for the GPIB controller chip to give it time to export data.

On Board Power Circuits (diagram 22)

The +15 V and -15 V voltages reach the Standard I/O Board via the plug-in interface
connector, J90. They are fused by F600 and F602, respectively. The fused supplies are then
decoupled with filter capacitors C502 and C701 and connected to the card cage mother board to
supply other Executive boards. U300 and U400 generate +12 and ~12 volts for the RS-232 line
drivers on the Rear Panel board. U110A, VR100, and R112 produce a precise +6.5 volts, which is
used as a reference voltage by the Temperature Sensor.
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The +5 volt current for the Front- and Rear-Panel Boards is routed through the Standard I/O
Board. Fuse F200 (1 A) protects the Rear-Panel Board from overloads. Likewise, F800 fuses the
5 volt current for the Front-Panel Board. The fuses have indicators on the board that point at
their output ends for easy functional checks.

Temperature Sensor (diagram 22)

The EXP uses the Temperature Sensor to get a digital reading of the temperature in the
instrument. When a specific temperature change has occurred, the instrument automatically
recalibrates itself. The circuit consists of the thermal sensing element U130, operational amp
U124 and comparator U122. U130 produces an output current that is proportional to its
temperature (1pA/° C). This current produces a voltage differential accross precision resistor
R134, which sets the gain of U124. The resistor network on pin 3 produces a reference offset
voltage (2.45 volts) for U124 which can be calibrated with R110. The Temperature Sensor is
calibrated at one temperature and should remain accurate over its range of -27 to 100° C. The
accuracy of the 6.5 volt supply and resistors is critical for accurate operation. As the
temperature rises, the output of U124 goes more negative. U122 compares the output voltage of
U124 with the output of the Temp/Tone DAC.

Comparator U122 senses the output of the opamp and compares it to theoutput of digital to
analogue converter (DAC), U212. The pin 4 output of U212 sinks a maximum of 1 mA, which
produces -1.27 volts across R130 and on pin 2 of U122. A value of 0 into the DAC causes pin 2 to
sink 0 mAs, which produces 0 volts on R130.

The Temperature Sensor is read by the EXP with repeated writes andreads following the
successive approximation algorithm. First, a byte of data is written to the DAC at [/O address
3900hex with only the most significant bit (IOD?) set high. This produces a voltage which is
compared with the output of sensor opamp U124. The result of the comparison is read by the
EXP with the Temp/Tone Readback Buffer. The result, high or low, will become the state of
the last tried bit. Next, each lower bit is added in turn, converted and compared. When the
least significant bit has been tried, the result is the current temperature value.

DAC Data Latch (diagram 22)

Latch U610 latches data from the I/O data bus on the rising edge of BIOWC(L) when LS10(L)
or LS11(L) is active. The latched data is fed directly into the D-A converter U212. The outputs
are constantly enabled.

Temp/Tone DAC (diagram 22)

The Temp/Tone Digital-to-Analog Converter changes an eight-bit digital number (0 - 256) into
a proportional current (0 - 1 mA) on both its outputs. Both DAC outputs are activated at the
same time, but the pin 4 output sinks current while the pin 2 output sources current. Whena
value of 0 is sent to the DAC it sinks the minimum current of 0 mAs on its pin 4 output but sources
the maximum current of 1 mA on its pin 2 output. Conversely, the maximum value of 256 into the
DAC causes the maximum current sink of 1 mA out pin 4 and the minimum current on pin 2.



Temp/Tone Readback Buffer (diagram 22)

Eight line buffer U612 is connected to the I/O Data bus and used by the EXP to monitor the
Temperature Sensor and the Tone Generator. U612 is read at either I/O address 3800kex
(LS10(L)) or 3900kex (LS11(L)) with BIORC(L). IOD? reads the output of the comparator to
determine the fit of the last tried voltage/temperature. IOD6 reads the Tone Generator enable
signal. Diagnostics reads the jumpers J710 - J715 for various purposes (two jumpers are used to
set the default RS-232 baud rate).

Tone Generator (diagram 22)

The Tone Generator is based on a 555 timer, U220, with a special current driver to trigger it. The
timer puts out a square wave whose frequency is inversely proportional to the digital value
written to the Temp/Tone DAC. A zero value into the DAC produces the highest tone. The
Tone Generator is enabled with latch U700 by driving data line D8 high to I/O address 3800rex
(LS10(L) active). The trailing edge of BIOWC(L) actually latches D8. A write to 3800kex with
D8 low resets the Tone Generator and halt the output. A system reset will have the same
effect.

The pin 2 output of the Temp/Tone DAC drives a set of tracking current sources in U214. This
output has a maximum value of 1 mA when a value of 0 is written to the DAC. U214 generates
two separate current flows; pin 8 produces a maximum of 1 mA and at pin 7 the maximum is 2
mA. These two currents track each other in a 1:2 ratio while driving into another pair of current
mirrors in U112. Initially, the transistor with its collector tied to the Trigger input of the timer
is turned off, so capacitor C230 is charging at a maximum 1 mA rate. When the voltage level on
the Trigger and Threshold inputs reaches the threshold it causes the Output to switch high
and Discharge to go low. The low Discharge line causes the transistor (6, 7, 8) to turn off making
transistor (1, 15, 16) turn on and try to sink twice the current that U214 transistor (8, 9, 10) is
supplying. The result is that C230 discharges at that same rate.

The voltage level on C230 follows a symmetrical sawtooth pattern. The slopes of the sawtooth
are longer and the output frequency lower for higher DAC values.

The output drives through a 100 ohm resistor to the front panel connector J72 and out to the front
panel speaker. The ground side of the speaker is returned to Pin 1 of U220 to reduce inductive
spikes from the speaker coil. CR121 also helps minimize inductive kickback spikes by
clamping them to one diode drop. Negative voltage spikes can cause the 555 timer to oscillate
at a high frequency. C226 is a large bypass capacitor that reduces noise from the high current
needed to drive the square wave Output.

Rear Panel Data Buffer (diagram 22)

The Rear Panel Data Buffer interfaces the /O Data Bus with the Rear Panel Data Bus. The
outputs of buffer U100 are enabled by the Rear panel bus enable signal, RPSEL, WDDEN(L) and
BDEN. WDDEN(L) provides a delay to protect MOS devices on the Rear Panel Board. Drive
direction is controlled by DT/R(L).
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Rear Panel Address Buffer (diagrm 22)

Integrated circuit U200 buffers latched address lines LA1 - LA4, and control lines BIORC(L),
BIOWC(L), RESET(L) and DACKO(L) to the Rear Panel. These address lines are used to select
rear-panel devices directly. DACKO(L) is active only when the optional DMA controller is
installed on the EXP. When not used, DACKO(L) is pulled to 5 V by a 10k resistor.

GPIB Control (diagram 22)

The GPIB interface operates one way with the optional DMA Controller installed and a
different way without it. Without the DMA Controller, the EXP controls the GPIB just as it
controls other I/O devices. The EXP puts the GPIB in a mode where it transfers a byte during
each EXP I/O read or write to it. Input requests or "ready for more data” conditions are signaled
with GPIB INTR(L), which becomes IR32. DBIN is not inverted by U802B and so, reflects
actual EXP read and write commands. .

When the DMA Controller (option 4D) is installed, the GPIB interface is set up by the EXP, but
the actual transfer is controlled by the DMA Controller. The DMA Controller monitors GPIB
service request line GPIB RQ after it is ANDed with DACKXL). DACKO(L) removes the GPIB
request when the DMA Controller acknowledges it to avoid erroneous multiple requests.
DACKO(L) also causes U820B to invert the EXP I/O read line BIORC(L), which becomes the
GPIB read/ write line, DBIN. This signal inversion causes the memory to see a read signal
while the GPIB sees a write signal, thus enabling high speed direct memory accesses (DMA).
Each data byte takes two processor clock cycles for a complete transfer. DACKO(L) is buffered
by U412B to create DMAQ SEL(L) which is used to enable the Rear Panel Data Buffer and to
request one wait state from the DMA Controller.

-

The GPIB interface is clocked with a 4 MHz signal from the on board Clock Generator.

Rear Panel Select and Interrupt Buffers (diagram 22)

U210A buffers the Latched device select lines LS14(L) - LS17(L), which enable particular
devices on the Rear Panel Board.

The device interrupt lines from the Rear Panel Board are buffered by U210B before being sent to
the EXP interrupt controllers. If connector J78 is removed, the Rear Panel interrupt lines will be
pulled high by the 10k resistors tied to 5 volts. This prevents the EXP from being inadvertently
interrupted.

Front Panel Data Buffer (diagram 22)

Integrated circuit U600 buffers the I/O Data Bus to the Front Panel Board. It is enabled by
BDEN and FPSEL (Front Panel Select) NANDed together. U522B produces FPSEL when any
Front Panel device is selected. The inverted EXP signal DT/R(L) determines the direction of
drive.
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Front Panel Control Buffer (diagram 22)

Front Panel Control Buffer U800 buffers the device select lines LS5(L), LS7(L), and LS8(L). It
also buffers address line LA1, and control lines BIORC(L), BIOWC(L), RESET, and IRDIS(L).
IRDIS(L) is a latched control signal that disables the infrared detectors on the Front Panel. To
disable the infrared detectors, the EXP writes a zero on I/O data bus line IODO0 to address
3400hex. 10DO is clocked into U700B by ORed BIOWC(L) and LS6(L). The IRDIS(L) is set
inactive by writing a one to the latch or by an active RESET(L). During diagnostics the infrared
detectors are disabled.



A15 Memory Management Board

The Memory Management Unit (MMU) Board coordinates communications among three
instrument subsystems; the Display, the Digitizer, and the Executive Processor (EXP). The
MMU Gate Array controls each interface with a different set of handshaking and buffer control
lines. In addition to the MMU Gate Array, there are sets of data buffers for each interface, two
banks of DRAMS for waveform memory, address decode/select circuits and integrated
diagnostic control circuitry. The EXP sets the MMU Gate Array to perform transfers by setting
bits in a control register called the Status and Mode Register (SMR). It must also load addresses
and byte count information into either the Sequential Address Generator (SAG) or the Random
Address Generator (RAG), which reside within the MMU.

MMU Gate Array (diagram 27)

The MMU (Memory Management Unit) Gate Array, U210, controls all data transfers to and
from waveform memory. Waveform memory has two identical banks of dynamic memory (Even
and Odd DRAM), which are fully supported for simultaneous accesses. The MMU Gate Array
controls high-speed transfers of waveform data and communication messages between
waveform memory and the three subsystem interfaces: The Display subsystem, the Digitizer
subsystem and the Executive Processor (EXP). Each subsystem interface is coordinated by a set
of handshaking lines tailored to the DMA (Direct Memory Access) facilities of the subsystem.

The MMU Gate Array also provides refresh addresses, strobes for waveform memory, and
arbitration of access requests. Arbitration for all waveform memory accesses is ordered as
follows:

1. Refresh cycles;
2.  Writes to the Digitizer;
3.  On a rotating basis, (polled every 40 ns) either

Reads or writes by the Display,
¢ Reads the Digitizer, or
* Reads or writes by the EXP.

Status and Mode Registration (SMR)

The EXP controls the MMU Gate Array with the Status and Mode Register (SMR), which is
located at the EXP's /O address 1860hex. Figure X.1 shows the layout of the SMR status and
control bits. Upon power up, the EXP must initialize the SMR to enable transfers between
waveform memory and the Display subsystem (bits 0 and 1) and the Digitizer subsystem (bits 5
and 6). When set, bit 7 allows the EXP to access the normally unaccessible registers, which are
associated with the RAG, SAG and refresh counter. Most transfers end with an interrupt bit
(bits 2 - 4) being set high. The EXP responds to the interrupt by writing a one to the bit to clear
it.
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15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1 0

| | I I ! I | | I | | | | | I I I

I

|
Start Wt_Dig ------ / I
Start Rd_Dsy----======= /|
Start Wt_Dsy /
Set Diag Mode ====—-——————--—c—-=-- /
Enable Rd Dig -------=--=========—----- /
Enable Wt_Dig —-------—-—--===-—-ce———————o--- /
Digitizer End Message Int
SAG Int ---- . - - -
Disp Talk Request Int - -
Enable Rd_Dsy -- - -
Enable Wt_DSy --—-—-—===~-=======-————--- - -

Figure X.1 MMU Status and Mode Register

RAG and SAG Address Generators

Addresses for waveform memory accesses are generated within the MMU Gate Array by the
Random Address Generator (RAG) or by the Sequential Address Generator (SAG). The RAG is
used only to put waveform data from the Digitizer into waveform memory. Fifteen, nine bit
registers, designated RAGO - RAG14, are the core of the RAG. Each of these, except RAG14, is
loaded with a base address for a waveform data record. RAG14 is loaded with an address for
communication messages from the Digitizer to the EXP. When the Digitizer is ready to send
updated waveform data from an input channel, it sends a four-bit TAG number to specify a RAG
register. Along with the TAG number, an offset address is sent by the Digitizer. The RAG adds
this offset to the designated RAG base address to determine the memory location for a word of
data. Figure X.2 shows a block diagram of the Random Address Generator.

TAG = —————mmmmm————e—
e A >| RAGO - RAG1l4 |
! 4  mmmmmmmemmeeeee-
| | 9 bits
------------------- ! I
| Digitizer (DIG) |--/--| v
| Subsystem | 20 | Offset -—--—=-==---=——--—-—-—ooo-—-—————o--
---------------------- /=-=-=-=->| RAG Register 17 ---- 8 |
16 |+ Offset 15 --==--- 0 1
18 bits |

To Row/Column Address Encoder

Figure X2 Random Address Generator (RAG)



The Sequential Address Generator (SAG) is used by the Display and EXP to move large blocks
of data into and out of waveform memory and to send messages (from the EXP) to the Digitizer.

The SAG consists of a 14-bit Message Pointer Register

(MPR) for the base address of a message,

a 15-bit Address Counter (AC), and a Message Length Register (MLR). To set the SAG to
transfer a message into waveform memory, the EXP first loads the MPR with a beginning

address for the waveform record. Next, the AC must

be initialized to a value from 0 to 65536 to

indicate where in the data block to begin an access. Finally, the EXP loads a value in the MLR
that equals the message length plus the value put in the AC. The AC is incremented after each
word transfer and compared with the MLR. When the MLR and AC contain equal values the
transfer is complete and the SAG interrupt bit is set in the Status and Mode Register. Figure X.3
shows a block diagram of the Sequential Address Generator.

| ===/==>| Address Counter |--/---
| 16 -- 16
| (I/0 1840 [hex])
|
N | mmmmmmmmmmmmmmeee -
From | ===/=-->| Message Pointer |-=/---
EXP | 14 =mmm——————————————- 14
Data | (I/0 1846 [hex])
Bus |
I
| (I/0 1842 [hex])
| -
|-=-/=-=>| Message Length |[|--/---
16 ————mmmmmmm———————— 16

|
| Address Adder
l - [ I —
\-->| Counter 15 ====- 0 1
/=-=>|+ Pointer ' 17 ----- 4 |
I ---------------------------
| | 18 bits
| v
| To Row/Column Address Encoder
|
->/ \

| = |-=-=> SAG Interrupt

Figure X.3 Sequential Address Generator (SAG)

Display Interface

Data is transferred to and from the Display through the Compressor Board on a 16-bit data bus
(YO0 - Y15). These data transfers use the Sequential Address Generator (SAG) to specify the
destination or origin addresses in waveform memory. Data is buffered with the bidirectional
Display Data Buffers for Even and Odd bank waveform memory accesses. U400B and US00A
buffer the four dedicated handshaking lines that synchronize the Display Interface. These
buffers can be disabled for diagnostic tests. The special handshaking lines for the Display

interface are:

* ENDNEW(L)—Generated by Display to initiate a read of waveform memory. Its falling

edge begins a read cycle.

e DATALATCH(L)—Produced by the MMU to clock data from waveform memory into the

Display. Data is valid on on the trailing edge.

¢ DATARDY(H)—Generated by the Display when
memory.

it is ready to send data to waveform
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¢ DATAGATE(L)—Produced by the MMU to enable, on its falling edge, the Display data
buffers during a transfer from Display to waveform memory. Its rising edge signals the end
of the Display’s write to memory.

Data transfers begin with the EXP setting up the SAG registers. The EXP must have also used
the Executive buses to setup the Compressor. To enable a read of memory by the Display, the
EXP must set bit nine, Start WT_DSY, in the Status Mode Register (SMR). After bit nine is set,
SENDNEW(L) going active will cause the MMU Gate Array to begin a read cycle from
waveform memory. Soon after the read cycle begins, the MMU Gate Array will enable the Even
or Odd Display Data Buffers and drive DATALATCH(L) low. The trailing edge of
DATALATCH(L) latches the data on the Compressor Board or Display Controller Board.
These handshake lines continue to toggle and the SAG continues to increment addresses until
the specified number of data words have been transferred. At this time, the SAG will set the
SAG interrupt bit in the SMR, which generates an interrupt to the EXP. The EXP must reset the
SAG interrupt bit to enable future transfers.

A write by the Display into waveform memory follows a similar procedure. First, the SAG is
set and bit 10, Start RD_DSY, of the SMR is set. When data from the Display is ready to be
sent, DATARDY(H) is asserted. The MMU Gate Array drives DATAGATE(L) low to enable
the data buffers at the Display. The low-to-high transition of DATAGATE(L) signals the end
of the Display's write into memory. Figure X.4 shows timing for Display Interface read and
write cycles.

Figure X.4 Display Interface Timing

Digitizer Interface

Data is transferred to and from the Digitizer on a 20-line multiplexed address/data bus, which
is coordinated by dedicated handshaking lines. For transfers to waveform memory, the
Digitizer sends a 20-bit address, then a 16-bit data word. During transfers from waveform
memory to the Digitizer, only 16-bit data words are sent while the MMU Gate Array's SAG
provides the addressing for waveform memory.

For transfers to waveform memory, the MMU Gate Array latches address bus (G0 - G19)
information on the trailing edge of AOUT(L). The upper four bits are the TAG field, which
specifies a RAG register for a particular waveform record. The lower 16-bits provide an offset
address for each data word in the waveform record.

The interface timing for data transfers from the Digitizer to waveform memory requires the
data to be latched by the Digitizer Data Latches. Data is latched when DOUT(L) goes
inactive (on the rising edge). These latches, and the Digitizer Data Buffers used for waveform
memory reads, are controlled by the MMU Gate Array.

When the Digitizer needs to send acquired waveform data to waveform memory, it asserts
DIGREQ(L). (See the timing diagram in Figure X.5.) The MMU Gate Array then asserts
AOUT(L) to signal the Digitizer to provide the TAG bits and offset address. The address is
latched internally by the MMU Gate Array when AOUT(L) goes high. The MMU Gate Array
asserts DOUT(L) to request the release of a word of Digitizer data. When DOUT(L) goes high,
the data is latched by the Digitizer Data Latches. Immediately, a waveform memory cycle
begins to store the latched data into the waveform memory location specified by the RAG
register and the offset address. The Even Bank or Odd Bank is accessed when the Digitizer
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address line AQ is 0 or 1, respectively. The appropriate latch output is enabled by ERG(L) or
ORG(L) from the MMU Gate Array.

Figure X.5 Digitizer Transfer Timing

Message transfers from the Digitizer to waveform memory are handled differently. The start
of a message transfer is the same as a waveform data transfer except that the TAG field for
messages is always OEkex for RAG14. When the last word of the message has been sent, a
dummy data transfer is sent to RAG15 (0Fkex), which sets the Digitizer End Message Interrupt,
bit 4, in the SMR. No waveform memory cycle occurs for this last RAG15 transfer. Setting bit 4
of the SMR causes the MMU Gate Array to generate an RQS interrupt to the EXP. The digitizer
interface locks when another message is initiated before the SMR is cleared.

Transfers from waveform memory to the Digitizer (See the timing diagram in Figure X.5.)
operate as follows: First, the EXP must set the SAG with the location of the data and set the
SMR START WT_DIG bit (bit 11). Then if the DIGACK(L) line is active or goes active, a read
from Even or Odd memory will begin. When data appears on the output of the Digitizer Data
Buffers, the MMU Gate Array asserts DIGLATCH(L). This signals the Digitizer to latch the
valid data. When, after a number of consecutive cycles, the entire block of data is transferred,
the SAG interrupts the EXP.

U501C and U400A buffer the handshake lines and allow them to be disabled for diagnostics.
They are disabled with ISO+ (See U400B and U501A). The upper four address lines, G16 - G19,
are buffered by the multiplexer U500. U500 allows all these lines to be driven high or low by
the diagnostics when ISO- is low.

Executive Processor Interface

The Executive Processor Interface performs two main functions. One is providing the EXP access
to waveform memory for subsystem message passing and manipulation of waveform record data.
The other main function is to allow the EXP to coordinate system operation by providing access
to the Status Mode Register (SMR) and to the diagnostic facilities. The interface consists of
address, data, and status/control inputs, EXP interrupt outputs and a data ready output.

Six control lines are decoded by the MMU Gate Array to determine what type of bus cycle the
EXP is about to perform. SYSCLK synchronizes the EXP interface, and RESET(L) provides a
positive reset on power-up. The input CS(L) is driven active by the Address Decode/Select
circuitry whenever the EXP is accessing memory or [/O. The other control and status inputs are
decoded for the possible EXP bus cycles in Table X.1.
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Digitizer Interface Timing
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TABLE X.1
Types of EXP Bus Cycles

M/IO | S1(L) | SO(L) | Type of Bus Cycle

| I/0 Read

| I/0 Write

| Memory Read
| Memory Write

H P OO
HOoORro

BHE (L) | A0 | Type of Data Transfer
0 0 | Word
0 ] 1 | Upper byte valid
1 0 ] Lower byte valid

If the EXP is to access waveform memory (which appears in the EXI”'s address space), then

SRDY is pulled low by the MMU Gate Array until it is finished with higher priority transfers.

SRDY is released near the middle of a memory cycle. The Processor Data Buffers are enabled
for the proper direction, then their outputs are enabled. When the EXP is reading waveform
memory, the data is latched into the I/O Data Latches with Data Latch Enable until the EXP
reads it by activating DEN (Data Enable). Figure X.6 shows the timing for EXP interface
cycles.

Figure X.6 EXP Interface Timing

The EXP signal BHE(L) changes only when the next bus cycle is to transfer a different number of
data bits (i.e. high byte, low byte or word). SRDY may be held much longer than shown in
Figure X.6.

When the EXP is writing directly to the MMU Gate Array, it does so with an I/O bus cycle to
address range 1800kex — 1FFFher. The SMR is located at I/O address 186kex. After a transfer is
complete, the MMU Gate Array asserts one of its three interrupts to the EXP. The interrupts
are:

e INTO(L)—SAG Interrupt,

¢ INT1(L)—Digitizer Interrupt (RAG15), and

e INT2(L)—Display Interrupt.

The EXP responds to these interrupts by clearing the interrupt bit in tﬁe SMR and, if needed,

setting the start bit for another transfer. These interrupt lines are inverted for the Executive
bus by U624A-C.
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DRAM Control

The DRAM is supported as two separate memory banks (Even and Odd). The MMU Gate Array
generates eight-bit row and column addresses for each bank. Each DRAM Column Address
Strobe (CAS) controls one byte (two DRAM chips) of memory. This allows for byte accesses by
the EXP. The Row Address Strobe (RAS) for each bank goes through a delay line and an OR
gate to guarantee proper RAS(L) to CAS(L) timing for the DRAMS. The falling edge of RAS(L)
is delayed 10 ns by the delay lines. The rising edge is not delayed because of U110A,C. This
ensures that the RAS will be inactive for the required period. The control lines and address
lines go through series 33 ohm resistors to provide impedance matching for the DRAMS to
protect them from undershoot.

Memory jumper J201 provides for memory expansion Option 2D, which increases memory from
128K bytes to 512K bytes. This is important to the MMU Gate Array when it is generating
DRAM address.

Even Dram (diagram 28)

The Even DRAM provides 64 k bytes of dynamic memory for waveform data and for subsystem
communication messages. The Even memory is usually accessed alternately with the Odd
DRAM. When A0 from either the Display or the Digitizer is low, or when Al from the EXP is
low, the Even bank of DRAM is selected. Therefore, as these address lines go high and low on
consecutive addresses, the Even and Odd bank are accessed alternately. The Even bank is
divided into a High bank and a Low bank and each of these is further divided into a high-byte
bank and a low-byte bank. The MMU Gate Array provides all control signals, refresh signals,
and addresses for the Even DRAM. The MMU Gate Array also coordinates data buffers for the
three DRAM interfaces (Exp, Display and Digitizer). Of these interfaces, the Executive
Processor is the only device that makes byte accesses. Option 2D enlarges waveform memory to
256k bytes by replacing the 16k by 4 bit DRAMs with 64 k by four-bit DRAMs. Figure X.7 shows
how the address range for waveform memory is partitioned.

Figure X.7 Waveform DRAM Configuration

Each Even DRAM bank, High and Low, is comprised of two Low byte chips and two High byte
chips. The MMU Gate Array generates a separate enable line for each byte chip set. The
enable lines connect to the Column Address Strobe, CAS(L), inputs at pin 16. The byte chip sets
and their enable signals are:

High bank—High byte (U422, U420)—C2E(L)
High bank—Low byte (U430, U424)—C3E(L)
Low bank—High byte (U322, U320)—COE(L)
Low bank—Low byte (U330, U324)—C1E(L)

In addition, the MMU Gate Array supplies the Even DRAM with a common multiplexed eight-
bit address bus (JO - J7), a Row Address Strobe, ER(L), and a write enable, EW(L). The output
enables OE(L), pin 1, are tied to ground, but the outputs drive only when a RAS(L) and a CAS(L)
have been received. Signal timing is shown in Figure X.8. '
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Figure X.8 Waveform Memory Access Timing

Data lines EO — E15 are shared between the High and Low banks. The Low byte banks share
data lines E0 — E7. Likewise, the High byte banks share data lines E8 - E15. All data lines
have series 33-ohm resistors to eliminate excessive undershoot on high-to-low transitions.
Each data line is also connected through a 2.7 k ohm resistor to +5 volts to pull it high when all
drivers are tri-stated.

To address memory locations, the MMU Gate Array sends two consecutive addresses to the
RAMs. First the row address is sent on the address lines and latched by the falling edge on the
RAS(L) input, pin 5. Then the column address is put on the address bus and latched by a falling
edge on the CAS(L) input, pin 16. If the access is to write data into the RAM, the WE(L) input,
pin 4, will be driven low soon after the RAS(L) input goes low. RAS, CAS, and WE inputs all
return high at about the same time.

Odd Dram (diagram 28)

The Odd DRAM provides 64 k bytes of dynamic memory (248 k bytes with Option 2D) for

waveform data and messages. The operation and control of the Odd DRAM is almost identical
to the Even DRAM (see the discussion on the Even DRAM for a detailed description). The only
differences are the lines that the MMU Gate Array uses to select chips at their RAS(L) inputs:

High bank—High byte (U222, U2200—C20(L)
High bank—Low byte (U230, U224)—C30(L)
Low bank—High byte (U122, U120}—C0O(L)
Low bank—Low byte (U130, U124)—C10(L)

Also unique to the Odd DRAM are the Row Address Strobe input OR(L), and the write enable
OW(L).

Processor Data Buffers (diagram 28)

The Processor Data Buffers interface between waveform memory and the I/O Data Buffers and
Latches, which provide data buffering for the Executive Bus. The Processor Data Buffers are
eight-line, bidirectional tri-state drivers (the third state is high impedance). There are two
sets of buffers; one set, U802 and U702, for the Even DRAM and one set, U812 and U712, for the
Odd DRAM.

The buffers are enabled on pin 19 by MMU Gate Array line EEXD(L) for the Even bank and
OEXD(L) for the Odd bank. Drive direction for all four buffers is controlled by MMU Gate
Array line EXD on the EN inputs, pin 1. When the chips are not enabled, their outputs are set in
the high impedance state.

The "B" side of the buffers is connected to the I/O Data Buffers and Latches. MMU Gate Array
controlled timing for transfers is shown in Figure X.6 under the MMU Gate Array discussion.
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Display Data Buffers (diagram 28)

The Display Data Buffers provide an interface between the Even and Odd DRAMS and the
Display system. These Display Data Buffers are eight line bidirectional tri-state drivers (the
third state is high impedance). There are two sets of buffers; one set, U610 and U602, for the
Even DRAM and one set, U700 and U600, for the Odd DRAM.

The buffers are enabled on pin 19 by MMU Gate Array line EDD(L) for the Even bank and
ODD(L) for the Odd bank. Drive direction for all four buffers is controlled by MMU Gate Array
line DD on the EN inputs, pin 1. When the chips are not enabled, their outputs are tri-stated.

The "A" side of the buffers is connected to the Compressor Port J79. Figure X.4, under the MMU
Gate Array discussion, shows transfer timing.

Digitizer Data Buffers (diagram 28)

The Digitizer Data Buffers drive data from the DRAM memory to the Digitizer through Time
Base Port J83. There are two sets of buffers; one set, U514 and U614, for the Even bank and one
set, U410 and U510, for the Odd bank. The chip enable CE input, pin 19, for the even buffer set
connects to MMU Gate Array signal EWG(L) and the odd buffer set connects to MMU Gate Array
signal OWG(L). Figure X.5, under the MMU Gate Array discussion, shows transfer timing.

Digitizer Data Latches (diagram 28)

The Digitizer Data Latches latch data from the Digitizer's multiplexed address/data bus and
drive it to the Even and Odd DRAMS. The set of latches, U412 and U512, for the Even bank are
enabled by MMU Gate Array line ERG(L) on pin 1. Likewise, the set of latches, U410 and U510,
for the Odd bank are enabled by MMU Gate Array line ORG(L). Both sets of latches use the
same MMU Gate Array latch enable signal DDL. The "D" inputs are connected to the Time
Base Port J83.

Clock Generator (diagram 27)

The Clock Generator is a clocking and a diagnostic circuit that allows the MMU Gate Array
clock to be stopped and single stepped. Output of the 23 MHz oscillator Y103 is Anded with the
output of D flip-flop U300A and B. The clock signal is inverted by U434C and used to clock in
the D input, pin 12, from diagnostic control latch U530. When the D input is low, the Q output,
pin 9, goes low. One clock cycle later, the Q output, pin 5, of U300A goes low. This low applied
to the pin 10 input of U200C disables the clock to the MMU. While the main clock is disabled,
the MMU Gate Array can be single-stepped with the pin 12 input of U110D. This single-step
signal comes from diagnostic control latch U530.
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Address Decode/Select (diagram 27)

The Address Decode/Select circuitry decodes addresses, control and timing signals from the
Main Processor Board (via the Executive Bus) to produce control signals for on-board devices.
These on-board control signals either coordinate transfers between the MMU Gate Array and
the Executive Processor (EXP) or enable diagnostic hardware.

Digital comparator U232 has a single output that is low when the dynamic Q input matches
the static P input. The comparator outputs and some Executive Address and Control lines are
decoded by PAL (Programmable Array of Logic) U332 to produce four control signals:

e CS(L)—Active during either an I/O or waveform memory access by the EXP.
¢ LOE(L)—Active during memory reads by the EXP.

o DIAG(L)—Active when the EXP reads from or writes to diagnostic registers external to the
MMU Gate Array at I/O addresses 1900hex and 1980hex.

e BUFEN(L)—Active during memory and I/O operations to waveform memory or the MMU
Gate Array /0O space (1800hex-1FFFhex).

A group of random logic gates is used to latch and further qualify the PAL control signal
outputs. OR gates U432C and U432D distinguish between diagnostic I/O address 1980kex and
1900hex, respectively. U334 latches the control outputs from U332, U432C and U432D when ALE
(from the Main Processor Board) changes from low to high. U434D enables the I/O Data
Buffers when DEN is high during EXP operations. U434C enables the output drivers of the I/O
Data Latches when the EXP is reading from waveform memory and DEN is high. U720A clocks
the diagnostic control latch U530 when /O address 1900kex is written to by the EXP. U432A
enables diagnostic buffers U112 and U501B when the EXP reads from I/O address 1980hex.
U432B enables diagnostic control latch U524 when EXP writes to address 1980hex.

Ready Synchronizer (diagram 27)

The Ready Synchronizer circuitry synchronizes the low-to-high transitions of the MMU Gate
Array SRDY output with SYSCLK to satisfy a timing specification of the Main Processor
Board. SRDY will go low, then high during each Executive Processor (EXP) access of waveform
memory.

When SRDY is driven low by the MMU Gate Array and the diagnostic line ISO+ is inactive
(low), OR gate U110B will react by driving its pin 6 output low. This low will cause the output
of U612A, pin 12, to go low requesting wait states from the EXP. U814B, C and D and D flip-
flops U714A and B latch the SRDY low condition.

When the MMU is ready to handle a data transfer, it sets SRDY high, which causes the output
of U110B to drive the pin 1 input of U612A high. The Q output, pin 5, of flip-flop U714A will
be switching at half the SYSCLK frequency because the output of U814D is high and the
toggling feedback to the pin 5 input of gate U§14B. When the C input, pin 11, of U714B goes
high, it will latch the now high SRDY line to the Q output, pin 9. Pin 9 going high results in
the output, pin 12, of U612A going high, which removes the wait request to the EXP. U612B



allows any of the three control lines, RESET(L), ALE, and ISO-, to initialize the Ready
Synchronizer and set its SRDY output high.

I/O Data Buffers and Latches (diagram 27)

The I/0 Data Buffers and Latches interface the I/O data bus with the Executive Data Bus. I/O
reads and writes and writes to waveform memory by the Executive Processor (EXP) employ the
bidirectional I/O Data Buffers. The I/O Data Buffers, U724 and U824, drive or receive data
according to the level of the DT/R signal, which originates on the Main Processor Board. Chip
enable for the buffers is controlled by the Address Decode/Select circuit.

Data Latches U722 and U822 are used only when the Executive Processor is reading data from
waveform memory (Even or Odd bank). The MMU Gate Array and DRAM retrieve data before
the EXP is ready for it so the data must be latched. Data latching is controlled by a line from
the MMU Gate Array. The outputs drive data on the Executive bus when the Address
Decode/Select circuit generates the output enable signal. Figure X.6, under the MMU Gate
Array discussion, shows transfer timing.

Diagnostics (diagram 27)

Diagnostic support consists of Even DRAM address feedback to the EXP, single-step capability
for the MMU Gate Array, and isolation so that handshake lines won't toggle during testing.
Several latches and buffers are provided to effect diagnostic control. U530 is at I/O address
1900hex for the EXP and must be initialized on power-up to enable normal operation. When used
for diagnostics, U530 provides isolation control for the Display and Digitizer handshake lines
and the upper four Digitizer address lines (TAG field). It also allows the clock to be stopped
and the MMU Gate Array to be single-stepped through Clock Generator control.

The other diagnostic latch and buffer is located at I/O address 1980kex. It consists of separate
write and read components that carry different information. The write port is U524 which is
enabled by the ISO- line and clocked by a line from the Address Decode/Select. U524 allows
the handshake lines and TAG field lines to the MMU Gate Array to be toggled for testing. The
read port consists of buffers U112 and U501B. When U112 is enabled, the EXP can read the
current address on the Even address lines. U501B provides a look at the actual handshake lines
from the Digitizer and Display and the setting of memory jumper J201.
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A16 Waveform Compressor/Adder

The 11401 waveform display is made of 512 vertical lines. No matter what type of waveform is
being displayed, it will always include 512 vertical lines. The length of the individual
vertical lines depends on the change in voltage at the time represented by the horizontal
location of the particular vertical line. if no input signal is present no vertical displacement of
the trace is needed, so the vertical line will benecessarily be longer. The length of the line will
represent the AV that occurred in the time that this part of the leading edge was sampled.

The Waveform Compressor/Adder (WCA) circuit is one of the circuits the ET main frame uses to
produce its display.

The waveform compressor part of this circuit provides 512 pairs of data points to the display.
The MU always provides 512 sets of data points to the compressor. Hence, the name
“compressor," because the WCA reduces its sets of input data points to pairs of data points.

The pairs of points transferred to the display are the minimum and the maximum of the input
set.

The adder part of the circuit provides vertical display position control for the user, by either
adding a digital offset to, or subtracting the same digital offset from, the data points.

A normal, nonvectored display may have gaps, or holes, between adjacent points. if the viewer
wants a continuous display, without holes, he can select the vectored display.

"Vectoring" takes place by comparing each new data point in a set with a previous pair of
displayed values to see if the new point is greater than, equal to, or less than those values.

Vectoring is produced by first:

1.  reversing the minimum and maximum values of a pair of points, before calculating the next
pair of points,

2. comparing the previous group's minimum with the next group's maximum, and
3. comparing the previous group's maximum with the next group's minimum.

If the previous minimum is greater than the next group's maximum, the next maximum will be
considered the same as the previous minimum. This will take the ends of the two adjacent
vertical lines end and start at the same point; voila! no gap.

Similarly, if the previous maximum is less than the next group's minimum, the next minimum
will be considered the same as the previous maximum. As described previously, the ends of the
two adjacent vertical lines will then end and start at the same point.

Figure X.X. To illustrate the concept.

The WCA can transfer data representing displays of any size. The executive processor (EXP)
synchronizes the number of points the WCA receives and the number of minimum-maximum
(min-max) point-pairs it transmits. To do this, the WCA must receive some number of input
points equal to the desired number of ouptut point-pairs times the compression factor (CF).
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That is, the ratio of input points to the CF must be an integral value, which equals the number
of point-pairs divided by 512.

2. Compressor Modes
The WCA has two modes of operation:

e Transparent (TX). In TX mode, the WCA transfers data directly from the Waveform
Ram) to the Display (DSY) without altering it. The data goes through the
Compressor and the Adder, and reaches the DSY exactly as it started. Application:
messages, i.e., text that must not be changed.

¢ Compressed (N). InN modé, the WCA selects minimum and maximum values from
each group of input data points. The 512 groups of data points each contain N data
points, where N = the compression factor.

For example, if the WCA receives 5120 data points, the CF will be 10. This means that there
will be 512 input groups of 10 data words each. The compressor will search each of the input
data groups, and will produce one min-max pair for each of the 512 groups. The 512 min-max
pairs are adjusted by the offset specified in the adder's data register, then sent to the DSY to
produce a complete display. (The offset from the ader provides position control.)

3.  Compression Factor (CF)
The CF is the number of data points from which each min-max pair is extracted. As shownin
Table 1, the CF can be any listed number of 1 to 255. The maximum number of data points that
can be compressed and displayed is 130,560 (where [CF][512] = maximum number of data points;
and 255 x 512 = 130,560).

TABLE1

InputPoints  Min-Max Pairs CF

512 512 1
1024 512 2
2048 512 4
4096 512 8
5120 512 10
8192 512 16
10240 512 20
16384 512 32*
32768 512 64"
51200 512 100*
65536 512 128*
130560 512 255*

* = not used in 11401/11402 initial release

"Compressing" Data Points



Compression is the process of selecting the minimum and maximum values from a group of data
points. It takes place by comparing all data points in the group and keeping only the minimum
and maximum values.

Criteria for Replacing the Minimum

Input data is latched into Min register if:

B

Data is not NULLP and Min is OVER, or

Min is NULLP, or

Data is UNDER, or

Min is not UNDER, and

Data is not NULLP and not OVER, and

Min > Data, or

Data is last point in group to be compressedd (EOC=true), and
all NULLP's were found in group (ALLNULL=true), or
M/MUND-=true.

Criteria for Replacing the Maximum

Input data is latched into Max register if:

Ll N

Data is not NULLP and Max is UNDER, or

Max is NULLP, or

Data is OVER, or

Min is not OVER, and

Data is not NULLP and not UNDER, and

Max < Data, or

Data is last point in group to be compressed (EOC=true), and
all NULLP's were found in group (ALLNULL=true), or
M/MUND-=true.

At the end of the compression sequence:

1. The Min and Max values are transferred into the Adder latches,

2. Therole of the Min and Max registers is reversed, i.e.,
a. the Min register will be the Max register when the next group is compressed, and
b. the Max register will be the Min register when the next group is compressed,

3.  If so specified, set the M/MUND bit true (for nonvectored).

Adder

The Adder provides an offset to vertically positioned the display on the crt. Available offsets
range from -32,768 to +32,767, as provided in a two-s-complement 16-bit word. The output of the
Adder circuit will be one of the following four cases:
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1. NULLP if data is NULLP,

2. UNDER If data is UNDER, or if data is negative, offset is negative, and result is positive,
3. OVERIf data is OVER, or if dat is positive, offset is positive, and result has carry, or

4.  the sum of the input and the offset.

In Compress Mode, the order within a pair is always first Min, then Max.

Address Decode/Select (U524, U430, & U424, diagram 29)

The Address Decode/Select (ADS) monitors data on the system address bus. During I/O
operations, the ADS will respond to a specific address and produce latch enable (LE) signals.

Decoder U524 performs the first stage of decoding; it is wired to produce a low output when its
input is 000x 0000 Oxxx xxxx on lines A15 through AQ, respectively.

When enabled, encoder U430 produces a low on one of its YO-Y7 output lines, as indicated by the
state of the A1, A2, and A3 input lines. Encoder U430 is enabled when:

a. Decoder U524 produces a low on its output;

b. The Al2 line is high; and

c¢.  The M/IO(L) line is low.

Latch U424 will hold the ouptut of U430. The ALE signal activates U424.

When ALE occurs with an out-of-range address or for a memory reference, none of the eight
selections is valid.

Address bit A4 is not decoded, which results in two I/O address for each selection. For example,
address select '0’ will be indicated for addresses 1000H and 1010H. Table _-_ shows the

address — register mapping.

TABLE _-_
/O Address Mapping
Location Operation Register
1000H Write Mode Word
1000H Read Status Word
1002H Write WCARST*
1002H Read ADDATA
1004H Write Compression Factor
1006H Write Offset
1008H Write ROMAX*

* = no register storage
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Mode Select Latch (U724, diagram 29)

The WCA Mode Register has three separate mode control bits, which allow eight modes. Each
of the eight modes is theoretically possible, though not all are particularly useful. The three
mode selections are Compress/ Transparent, Vectored/Nonvectord, and Normal/Test.

Compress/ Transparent Mode: The C/T(L) bit is used in the adder state machine and the
compressor flag-decoding circuit. In compress mode the adder sends the X and Y register values,
thus producing two output values for each input group. Special-case flags decoded in the
compression cycle are not altered. In the transparent mode, only the X or Y value is sent; that is,
just one output for each input group. The special-case flags are forced to be invalid in
transparent mode.

Vectored/Nonvectored Mode: "Vectoring" overlaps consecutive group of data. When vectoring
is on, consecutive data groups are "comprsesed" with consideration of the previous group's min
and max values. With vectoring off, the compressor's X and Y values are marked undefined
before operating on a new group. The Vectored/Nonvectored bit is sent to the M/MUND decode
circuit.

Normal/Test Mode: This mode specifies whether the adder output is to be transferred to the
Display or prsented to the Executive Processor (EXP). In normal mode, the adder state machine
waits for the Display's SENDNEW(L) signal before sending the data. In test mode, the adder
state machine waits for the decoded DREAD(L) (data read) signal.

Compression Factor Counter (diagram 29)

The compression factor (CF) is the number of dat points from which the compressor will select a
min-max pair for the adder. The CF is an eight-bit number, valid in the 1 to 255 range. A value
of zero, which is specified as undefined in the HW/SW isnterface for WCA programming, will
be equivalent to the value 256. The value stored in the CF register is loaded into an eight-bit
counter (U814, U820) by the RSTCYC(L) signal. This counter consists of two four-bit devices
(74ALS191) connected as an synchronous two-stage counter with ripple carry-borrow. The
RCO(L) output of the lower four-bit counter (U814) is the input to the upper four-bit counter
(U820). Both devices are connected as down counters. The MSENDNEW!(L) clocks both
counters, which provide a Max/Min output when the counter reaches zero. The two Max/Min
signals are ANDed to produce the EOC signal for the compressor state machine.

Reset Control (U432D, U130D, diagram 29)

This circuit decodes a Reset signal to set the compressor and adder state machines to known
states, and to set, or clear, the control latches. The decoding simply selects the system Reset
pulse or an output from the EXP to address 1008H.

Clock Generator (Y122, diagram 29)

A TTL-compatible crystal oscillator, Y122, produces the 20 MHz Clock signal for the compressor
and adder state machines.
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Compression State Machine (see the Compressor State Machine
diagram)

Inputs:
(C)DATAIN(L) (Compressor DATA IN signal, in Compressor Control on diagram 29)

When the MMU latches data into the input register, the (C)DATAIN(L) line is set to its active
state (low). The MDATALATCH(L) signal from the MMU clocks D flip-flop (FF) U120A,
whose Q output goes low (its D input is grounded). U120A's Q(L) output produces the
MSENDNEW(L) signal, which indicates that the compressor cannot receive data while (C)
DATAIN(L) is low.

WCARST (Waveform Compressor/Adder ReSeT, in Reset Control, on diagram 29)

The WCARST signal (on TP42) notifies the compressor state machine that a reset is active. In
all states, the state machine will change to an initial, known, state when WCARST is asserted.
The state machine will stay in that state as long as WCARST is asserted.

EOC (End Of Cycle, from TP47 in Compression Factor Counter on diagram 29)

When the Compression Factor Counter has finished compressing a group of data points, it
generates the EOC signal to notify the X and Y Min/Max Latch Decoders (on diagram 2) of that
completion. When the most recent input data has been processed, the state machine can follow
one of two paths depending on the state of EOC. If EOC is high, the min/max is transferred to
the adder input registers. (EOC causes this via U520, U320, U2104, U812, and U510.) If EOCis
low, the compressor will assume its idle state, and await the next input from the MMU.

ModeWR (Mode word WRitten, U432A in Mode Select Latch on diagram 29)

Whenever a comprsesor mode word is written into the Mode register, the compressor will pass
through its Reset state, asserting the MMUAVAIL and RSTCYC outputs. Writing a new word
into the Mode register indicates the beginning of a new transmission through the WCA.

This input is tested only during the compressor's idle state, and it will remain active only for
the dur